1. Draw an A:T base pair. 

(a) Indicate how each base is joined to deoxyribose.
(b) Indicate which edge of each base pair faces into the major groove and which into the minor groove. 
(c) Use two different colors to indicate whether an atom is a hydrogen bond donor or a hydrogen bond acceptor. 

a. 
See Figure 6-6b

b. 
See Figure 6-6b

c. 
donors on adenine: exocyclic amino group at C6; N1acceptors on thymine: carbonyl at C4; N3

2. Draw a G:C base pair. 

(a) Indicate how each base is joined to deoxyribose.
(b) Indicate which edge of each base pair faces into the major groove and which into the minor groove. 
(c) Use two different colors to indicate whether an atom is a hydrogen bond donor or a hydrogen bond acceptor. 

a. 
See Figure 6-6a

b.
See Figure 6-6a


c.
donors on guanine: exocyclic amino group at C2; N1



acceptors on guanine: carbonyl at C6



donors on cytosine: exocyclic amino group at C4



acceptors on cytosine: carbonyl at C2; N3

3. Other than hydrogen bonding, what else contributes to the stability of the double helix?

In addition to the energy contributed directly by the hydrogen bonds, and the decrease in entropy resulting from the displacement of water molecules from the bases in single-stranded DNA, the stacking (hydrophobic) interactions between the bases also contribute to the stability of the double helix.  These involve electron cloud interactions between adjacent bases within the double helix (Van derWaals forces).  

4. Certain chemical agents such as nitrous acid can deaminate cytosine, converting it into uracil. How might this explain why DNA contains thymine in place of uracil?

Because DNA contains thymine, the cell can recognize uracil as a defective base resulting from the deamination of cytosine, and can repair it accordingly.  If DNA naturally contained uracil, then it would be impossible to distinguish between the normal uracil bases in the DNA and the products of cytosine deamination, making repair impossible.   

5. The virion DNA of an E. coli phage called ΦX174 has the base composition: 25% A, 33% T, 24% G, and 18% C. What do these data suggest about the structure of the phage's chromosome? 

These relative proportions indicate that the X174 genome is single-stranded.  If it were double-stranded, the proportion of A would be equivalent to that of T, and the proportion of C would be equivalent to that of G.  

6. Describe reasons why the major groove is more often used by proteins to recognize specific DNA sequences than the minor groove. Consider the sequence AATCGG; what information, in terms of hydrogen bond donors, hydrogen bond acceptors, nonpolar hydrogen, and methyl groups, are provided by the major groove and minor groove, in each direction? 

Because the major groove is larger than the minor groove, it is more accessible to the amino acid side chains of DNA-binding proteins.  In addition, the major groove is richer in chemical information (more hydrogen bond donors, hydrogen bond acceptors, nonpolar hydrogen atoms and methyl groups), and the information that is present is more useful for distinguishing between base pairs.  

(A=hydrogen bond acceptor; D=hydrogen bond donor; H nonpolar hydrogen; M=methyl group)


5’-AATCGG-3’, major groove:  ADAM/ADAM/MADA/HDAA/AADH/AADH

5’-AATCGG-3’, minor groove:  AHA/AHA/AHA/ADA/ADA/ADA

5’-CCGATT-3’, major groove:  HDAA/HDAA/AADH/ADAM/MADA/MADA

5’-CCGATT-3’, minor groove:  ADA/ADA/ADA/AHA/AHA/AHA

5’-GGCTAA-3’, major groove:  AADH/AADH/HDAA/MADA/ADAM/ADAM

5’-GGCTAA-3’, minor groove:  ADA/ADA/ADA/AHA/AHA/AHA

7. Describe the ways in which DNA can vary from its ideal B structure, and contrast the B form of DNA with the A and Z forms. What factors or conditions favor these deviations from the B form and the choice between the three possible forms?  
DNA in cells deviates from the ideal B form by having increased overall pitch, with an average of approximately 10.5 base pairs per turn instead of 10 in the ideal B form.  In addition, DNA in solution is irregular, including deviations at the level of the co-planarity of the base pairs (propeller twist) and in the precise degree of twist at each base pair, locally affecting the width of the major and minor grooves.


The B form of DNA, which is the most common form in cells, exhibits a right-handed helix with a pitch of 10 base pairs per turn.  B form DNA has a wide major groove and narrow minor groove.  A form DNA, which is also right-handed, is more compact, having 11 bases per turn.  The major groove in A form DNA is narrower and deeper, and the minor groove is broader and shallower.  The orientation of the base pairs is tilted in A form DNA relative to the orientation of the helix.  Z form DNA is left-handed, and the glycosidic bond connecting the bases to the 1’ position of 2’-deoxyribose is either in the anti conformation (for pyrimidines) or in the syn conformation (for purines; this bond is always in the anti conformation in right-handed DNA).  The alternation of the syn and anti conformations produces a zigzag effect, hence the designation “Z” DNA.  


The degree of propeller twist and other deviations from the ideal B form DNA is largely determined by the identity of a given base pair and that of its neighbors.  B form DNA is favored under conditions of high humidity, and A form DNA under conditions of low humidity.  Z form DNA can occur within sequences containing alternating purine and pyrimidine residues, in the presence of high concentrations of positively-charged ions. 

8. Draw a graph showing the OD260 as a function of temperature for DNA isolated from a bacterial species having a high GC content, and one from a bacterial species having a low GC content.
See Figure 6-15 in Watson, et al.
