
(Practice) Problem Set #5 –Chem 391 
Practice problems – solutions already on the web.  Do not turn in! 
 
Modeling The following questions derive from the NMR structure of a small DNA duplex 
containing an unusual base pair, between difluorotoluene (DFT) and methylbenzoimidazole (MBZ).  
If you’re interested in reading more about this work, see the paper by Gueckian et al. (2000) J. Am. 
Chem. Soc. 122, 6841 (a link is available on the Chem 391 web pages).  You will need to download the 
relevant PyMOL file, MBZ.pse from the Problem Set page. 
 
1. Open MBZ.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, 5’ → 3’. (You can display the B strand if you’re curious). 
 

Remember to use the Label residues button to the right of the selection (AChain).  You can 
show the B chain using the show sticks option next to (BChain).  Toggle off both before 
proceeding to the next section by selecting hide everything next to the all. 

 
2. Using the following template, draw the A:T and G:C pairs. 
 

 C1*

C1*

 
There are specific selections named (AT) and (GC) that you and toggle-able objects you can 
use).  Show them one at a time (hide when finished), and zoom under the actions menu.  To 
measure distances, select the measurement under the Wizard menu at the top of the screen.  
Obtain all relevant H-bond distances for each base pair (recording them on your sketch) and the 
distance between the two C1* atoms.  Click on Delete all measurements and then Done under 
the Measurement menu. 

 
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. 
b. Identify portions of the bases that appear in the minor groove and those that appear in the 
major groove. 
c.   Measure the vdW distances between these “bases” (and the distance from C1*-C1* as well) 
and any note any deformations of the base pair that you observe – that is, do the bases align exactly 
like AT and GC (and the template above?) 
 
4. Sketch the sugar pucker for the deoxyribose moiety attached to the DFT base.  Is it in a 
“Northern” or “Southern” 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? 
 



5. I just found the following data from Kool’s first report on the MBZ-DFT pair (MBZ is “Z” 
below, and DFT is “F”).  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 van’t Hoff experiment to 
determine the ∆H and ∆S data shown above, and how it might be obtained. 
b. Explain why the above data may be interpreted as showing the enormous value of hydrogen-
bonding to the stability of DNA. 
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. 
d. Explain why ∆S˚ of melting is lower for the MBZ-DFT pair than for the A-T base pair. 
 
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 180˚ 
D-H••••A bond angles. 
 
a. Cytosine/Cytosine (2 H-bonds) 
b. Adenine/Cytosine (2 H-bonds, but involving N6 and N7 on adenine) 
c. Guanine/Guanine (2 H-bonds, using only N1, N2 and O6). 
 
7. An aptamer, let’s call it “Xapt”, has been designed to bind xanthine (X; below) with a 
dissociation constant of 2 µM (ie KdX = 2 µM), but Xapt also binds guanine with a dissociation 
constant of 5 µM (ie. KdG = 5 µM). 
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a. What fraction of Xapt will have xanthine bound, when the concentration of xanthine is 5 
µM and there is no guanine present?  What fraction of Xapt will have guanine bound when the 
solution contains 2 µM guanine and no xanthine is present?   
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. 
c. Let’s say that [guanine] = 10 µM.  What concentration of xanthine will be needed to achieve 
50% binding of xanthine to Xapt? 

 


