Problem Set #3 BChem 391
Duein Class on September 21%

1 Open MFbp.psein PMOL. Only one strand should gppear, dthough the artificiad base par

will be showing. Write the sequence the A strand and predict the sequence of the B strand, writing
both in the sandad orientation, 50  30(You can display the B strand if you@e curious).

50 CGCATDGITACC 30
30 GCGTAMCAATGG 50

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



3. a Draw the gructures of DFT and MBZ (including dl double bonds and heteroatoms) on the
idedized template above, usng the (MBZ-DFT) sdection. (I©e included some gppropriate vdW
contact distances as well).

major groove

minor groove

b. | dentify portions of the bases that appear in the minor groove and those that appear in the
mgor groove. (above)

C. Messure the vdW distances between these (hasesO(and the distance from C1*-C1* as well)
and any note any deformations of the base pair that you observe Bthat is, do the bases dign exactly
like AT and GC (and the template above?)

Note that the bases are not in perfect Watson-Crick dignment. Both are twisted counter-clockwise
S0 that the groups tha were predicted to be 3.2« agpart (see pat aabove) ae 4.6« agoart. All other
distances are longer than expected and the C1*-C1* distanceisabout 1« longer than expected.



4. Sketch the sugar pucker for the deoxyribose moiety atached to the DFT base. Isit in a
NorthernOor CsouthernOconformation? Does this support a B or A conformation for the hdlix.
Doestha assgnment appear appropriate given the overal gppearance of srandsA and B?

It isin asouthern conformation Bthisis B-like DNA.
5. | just found the following data from Kool@first report on the MBZ-DFT par (MBZ is @O

below, and DFT is FQ. The thermodynamic daa refers to the melting of the duplex into single
sranded DNA. See Gueckian et d. (1998) J Org Cham 63, 9652.

duplex AH®%5 AS® AG 25
(kcal/mol) {eu) (kecal/mol)

3 GAAAAGTAAGAA 99.0 291 12.4
CSITIERISIT  ees 8 79
S I AAASEITCTI Y 48.1 136 7.5
T T ASEl ST 47.4 129 8.9

a Briefly, describe wha daa you would need to collect in a van® Hoff experiment to
determinethe! H and ! Sdaa shown above, and how it might be obtained.

The van® Hoff andysis requires messuring the melting temperature a various concentration of
DNA, dlowing aplot of /T , vs. IN[sSDNA],..4» Which gives adope of ER/! H,,,, and an intercept

of ' §/! H,:
Ut .= ( S/! H,) B(R" H)IN[SSDNA],.a

b. Explain why the above daamay be interpreted as showing the enormous vaue of hydrogen-
bonding to the stability of DNA.

The presence of the AT base pair provides 30 kca/ mol enthdpic stabilization to the duplex over the
next bp down (ZC). One might argue tha the loss of H-bonding is responsble for that enthapic
gabilizetion.

C. Explain given the results in 3c above, why these reaults are inconclusive regarding the vaue
of hydrogen bonding in contributing to the sability of duplex DNA.

Well, this isn®a highly controlled experiment. The ZF base par distorts the DNA, and that might
be another reason that the enthapy of melting is lower than for the AT base pair-containing duplex.

d. Explan why ! Slof melting islower for the MBZ-DFT pair than for the A-T base pair.

When the MBZ-DFT (ZF) base par mets, they ae exposed to water. Snce 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/C rick H-bonding. Assuming substitution of each of the
following bases by an R-group a N1 (pyrimidines) or N9 (purines), suggest draw H-bonding
interactions that saisfy the following criteria As dways, take care that H-bonding occurs with 1800
D-H¥2A bond angles.

a Cytosine/ Cytosine (2 H-bondg
b. Adenine/C ytosine (2 H-bonds but involving N6 and N7 on adenine)
C. Guanine/G uanine (2 H-bonds usingonly N1, N2 and O6).



7. An gptamer, let@cdl it OXgptQ has been designed to bind xanthine (X; below) with a
dissociation congant of 2"M (ie K, = 2" M), but Xapt adso binds guanine with adissociaion

congant of 5"M (ie. K,g = 5"M).
O
{[\]f}\NH
N /K
H N O

a Wha fraction of Xagpt will have xanthine bound, when the concentration of xanthineis5
"M and thereis 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)/(Kg + [X]) = (5"M) (2"M + 5"M) = 0.71

Y = [G)/ (Kys + [G]) = 2"M)(5"M + 2"M) = 0.29

b. Using the derivation in my notes on ligand binding as aguide, develop an equation that
relaes the fraction of Xapt bound to xanthine to the concentrations of both xanthine and guanine

in solution.
Y = [Xapt¥X] _ [Xapt¥X]

[Xapt],, - [Xapt] + [ Xapt¥X] +[Xapt¥G]

Xapix],
Y= [Xapl[X]/ , [Xapq[G]
[Xapt] * Adx * /<dG
[X]

) K F[X]+ de([%de)
yve [X]

) [X]+ de(1+[%d6)

C. Let@say that [guanine] = 10 "M . What concentration of xanthine will be needed to achieve
50% binding of xanthineto Xapt?

Y

Accordingto the above, Y = 0.5= [X]/([X] + 2"M*(1+(10"M/5 "M)) = [XJ/([X] + 6" M)
S [X]=6"M.



