
Problem Set #3 ÐChem 391 
Due in Class on September 21st 
 
1. Open MFbp.pse in PyMOL.  Only one strand should appear, although the artificial base pair 
will be showing. Write the sequence the A strand and predict the sequence of the B strand, writing 
both in the standard orientation, 5Õ !  3Õ. (You can display the B strand if youÕre curious). 
 
5Õ CGCATDGTTACC  3Õ 
3Õ GCGTAMCAATGG  5Õ 

 
 
2. Draw the A:T and G:C pairs. 
 

 

N

N HN

N

N

N

N O

O C1*

C1*

H

H
2.9 •

2.8 • C1'-C1' 10.6 •

 

 

N

N N

N

N

N

O C1*

C1*

2.9 •

2.8 • C1'-C1' 10.7 •

NH

H

O

H

N H

H

2.9 •

 



3.  a.  Draw the structures of DFT and MBZ (including all double bonds and heteroatoms) on the 
idealized template above, using the (MBZ-DFT) selection. (IÕve included some appropriate vdW 
contact distances as well). 
 

N

N

H3C F

F

3.2 •

3.4 •

major groove

minor groove
 

b. Identify portions of the bases that appear in the minor groove and those that appear in the 
major groove. (above) 
c.   Measure the vdW distances between these ÒbasesÓ (and the distance from C1*-C1* as well) 
and any note any deformations of the base pair that you observe Ð that is, do the bases align exactly 
like AT and GC (and the template above?) 
 

 
Note that the bases are not in perfect Watson-Crick alignment.  Both are twisted counter-clockwise 
so that the groups that were predicted to be 3.2 •  apart (see part a above) are 4.6 •  apart.  All other 
distances are longer than expected and the C1*-C1* distance is about 1 •  longer than expected. 



4. Sketch the sugar pucker for the deoxyribose moiety attached to the DFT base.  Is it in a 
ÒNorthernÓ or ÒSouthernÓ conformation?  Does this support a B or A conformation for the helix.   
Does that assignment appear appropriate given the overall appearance of strands A and B? 
 
It is in a southern conformation Ð this is B-like DNA. 
 
5. I just found the following data from KoolÕs first report on the MBZ-DFT pair (MBZ is ÒZÓ 
below, and DFT is ÒFÓ).  The thermodynamic data refers to the melting of the duplex into single 
stranded DNA. See Gueckian et al. (1998) J. Org. Chem. 63, 9652. 

 
 
a. Briefly, describe what data you would need to collect in a vanÕt Hoff experiment to 
determine the ! H and ! S data shown above, and how it might be obtained. 
The vanÕt Hoff analysis requires measuring the melting temperature at various concentration of 
DNA, allowing a plot of 1/T m vs. ln[ssDNA]total, which gives a slope of ÐR/! Hm, and an intercept 
of ! Sm/! Hm: 
 
 1/T m = (! Sm/! Hm) Ð (R/! Hm)ln[ssDNA]total 
 
b. Explain why the above data may be interpreted as showing the enormous value of hydrogen-
bonding to the stability of DNA. 
  
The presence of the AT base pair provides 30 kcal/ mol enthalpic stabilization to the duplex over the 
next bp down (ZC).  One might argue that the loss of H-bonding is responsible for that enthalpic 
stabilization. 
 
c. Explain given the results in 3c above, why these results are inconclusive regarding the value 
of hydrogen bonding in contributing to the stability of duplex DNA. 
 
Well, this isnÕt a highly controlled experiment.  The ZF base pair distorts the DNA, and that might 
be another reason that the enthalpy of melting is lower than for the AT base pair-containing duplex. 
 
d. Explain why ! Sû of melting is lower for the MBZ-DFT pair than for the A-T base pair. 
 
When the MBZ-DFT (ZF) base pair melts, they are exposed to water.  Since they are more 
hydrophobic than the AT or GC base pairs, larger clathrates will form around them, which lowers 



the entropy of the solvent (the hydrophobic effect).  Thus the increase in entropy associated with 
strong dissocation is offset by clathrate formation. 
 
 
6. Bases may interact via non-Watson/Crick H-bonding.  Assuming substitution of each of the 
following bases by an R-group at N1 (pyrimidines) or N9 (purines), suggest draw H-bonding 
interactions that satisfy the following criteria.  As always, take care that H-bonding occurs with 180û 
D-H¥¥¥¥A bond angles. 
 
a. Cytosine/ Cytosine (2 H-bonds) 
b. Adenine/C ytosine (2 H-bonds, but involving N6 and N7 on adenine) 
c. Guanine/G uanine (2 H-bonds, using only N1, N2 and O6). 
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7. An aptamer, letÕs call it ÒXaptÓ, has been designed to bind xanthine (X; below) with a 
dissociation constant of 2 "M  (ie KdX = 2 "M), but Xapt also binds guanine with a dissociation 
constant of 5 "M (ie. KdG = 5 "M ). 
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a. What fraction of Xapt will have xanthine bound, when the concentration of xanthine is 5 
"M  and there is no guanine present?  What fraction of Xapt will have guanine bound when the 
solution contains 2 "M guanine and no xanthine is present?   
 
Y = [X]/( KdX + [X]) = (5 "M )/ (2 "M  + 5 "M) = 0.71 
 
Y = [G]/ (KdG + [G]) = (2 "M)/( 5 "M  + 2 "M ) = 0.29 
 
 
b. Using the derivation in my notes on ligand binding as a guide, develop an equation that 
relates the fraction of Xapt bound to xanthine to the concentrations of both xanthine and guanine 
in solution. 
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c. LetÕs say that [guanine] = 10 "M .  What concentration of xanthine will be needed to achieve 
50% binding of xanthine to Xapt? 
 
According to the above, Y = 0.5= [X]/( [X] + 2 "M *(1+(10 "M /5  "M )) = [X]/( [X] + 6 "M) 
So [X] = 6 "M . 
 
 
 


