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The Molecular Electrostatic Potential of the B-DNA
Helix

II. The Region of the Adenine-Thymine Base Pair
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The electrostatic molecular potential minima around the adenine-thymin®g base
pair within a B-DNA helix are computed, taking into account the contributions
of the sugar-phosphate backbone and of the adjacent base-pairs. The deepest
potential in the pair is associated with N of adenine. It is less deep than that
associated with the guanine moiety in a G-C pair, as studied in paper I of the
series. The potential in the vicinity of the NH, group of adenine is falling
between those around the NH, groups of guanine and cytosine in the G-C pair.
The order of affinity towards electrophilic agents of the NH, groups of guanine,
adenine and cytosine incorporated in complementary base pairs into the
B-DNA helix correlates with the reactivity of these bases in DNA towards the
triol carbonium ion of benzof{alpyrene, considered as the ultimate metabolic
carcinogen derived from that hydrocarbon.
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In the first paper of this series [1] we have computed the electrostatic molecular
potential minima around the guanine-cytosine base pair within a B-DNA mini-
helix, taking into account the contributions of the sugar phosphate backbone and
of the adjacent base-pairs. In the present note this work is extended to the adenine-
thymine pair placed in similar conditions (Fig. 1). The procedure adopted is strictly
the same as in Ref. [1] and we describe therefore directly the results obtained.

Table 1 presents the effect of the two sugar-phosphate backbones of the helix upon
the potential of the central A-T pair. In this approximation the effect of the adjacent
base pairs is neglected. The table indicates the regions of the minima of the
electrostatic potentials, compared to the minima found previously for the separate
A and T bases [2] and the isolated A-T pair [3]. The most striking effect associated

0040-5744/79/0050/0351/$01.00



352 D. Perahia and A. Pullman

S — X =—=——= Yy—5s

| I

P P

I |

S—A -——— T—5s

] I Fig. 1. Model compound considered in the com-

P P putations. S and P stand for deoxyribose and
| | | ' phosphate respectively; X, Y, Z and W could be

Sy S —Z-—==-— W—s 3 either adenine, thymine, guanine or cytosine

Table 1. Electrostatic potential minimum (in kcal/mole) at different sites of the central A-T pair in the
mini B-DNA of Fig. 1 taking into account the sugar-phosphate backbone. The stars point out the
positions of deepest minima. The numbering of the sites corresponds to standard notations of nucleic
acids, the letters within parentheses refer to the nature of the base. The minima are in the plane of the
bases and base pairs except for those corresponding to the NH, group of adenine; for this group the
numbers 3’ or 5’ indicate the side at which they are located (see Fig. 1). The effect of the adjacent base
pairs is not included here.

Single Paired Paired bases
Sites bases bases within B-DNA
N7(A) —67.5 —70.5 —218.7
N3(A) —71.8* —72.7% ~238.5*%
04(T) —58.7 —47.7 —-179.5
02(T) —55.9 —61.9 ~228.3
N6(A)3’ —15.6 -21.1 —158.2
N6(A)S —15.6 -21.1 —157.9

with the incorporation of the base pair into the helix is undoubtedly, as it was the
case for the G-C pair, the very strong increase in the absolute values of the potential
minima, reflecting the parallel increase of the affinity of the bases towards
electrophilic agents. The situation obviously corresponds to the penetration of the
strong potential of the phosphates [4] into the vicinity of the bases and its
superposition upon the potential inherent to the bases themselves. Because of the
disappearance in the base pair of the potential minimum close to the N, atom of
adenine in the free base it is not astonishing to find the deepest minimum to be in the
vicinity of N5 of adenine. This global minimum is somewhat less deep than that
associated with the guanine base in the G-C base pair [1] and this correlates
satisfactorily with the usunal greatest reactivity of guianine towards electrophilic
agents in nucleic acids [5]. Worth noting is the inversion in the ordering of the two
minima around O, and O, of thymine between the free base and the base paired
with adenine [3]: the deeper minimum is associated with O in the former case and
with O, in the latter. The situation may be related to the binding of a Na™ ion
between two O, atoms from neighbouring uracil residues (on two strands) observed
in the double stranded crystal structure of ApU [6].

The potential in the vicinity of the NH, group of adenine (above and below that
group) deserves a special mention. Considered as a secondary site for electrophilic
attacks, this group is in fact associated with a relatively very weak potential in the
isolated base, although stronger than that of the NH, groups of isolated guanine
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Table 2. Total electrostatic potential (in kcal/mole) at the electrophilic sites of the central A-T pair, due
to the contributions of the phosphate-sugar backbone and of the three base pairs. The horizontal bar
symbolizes the central A-T pair. The arrows indicate the 3" to 5 directions of the double helix. The stars
point to the global minima

w  loel ] sl [l 1G] ] &R

N7(A) -237.4  -=2277 —2250 2153 2241 2241 2220 2220
N3(A) —247.7% —235.6% —247.6* —2355 —2452*% —243.5% —2455* —2438*
o4T) —1883 -201.7 1854 —1988 -—1866 —190.1 —186.1 —189.6
o) —2256  —-2259 2374  —-237.7* 2337 —233.7 2350 2350

Né6(A)3  -181.3  —182.0 —177.7 —1784 —1733 -—1743 1726 —~173.6
N6(A)s  —-1759 -—1757  —-1709 —170.7 1681 —168.1 —1656 —165.6

s bl Ll ] R le] ] G [

N7(A) -230.5 —230.5 2181 -2181 —231.0 -—221.3 2289 2126
N3(A) —241.6* —239.9* —241.5* —239.8 —251.3* —2392* —251.6% —239.5*
04(T) —-1904 -1939 1875 —191.0 —1845 —1979 —184.0 —1974
02(T) —-229.1 —229.1 —2409 —-240.9* -2302 -230.5 -231.5 —231.8

N6(A)3  —-1759 1769 —1723 —-1733 1787 —1794 —1780 —178.7
N6(A)S —1742 —1742 1692 —1692 —1698 —169.6 —1673 —167.1

(which is even repulsive) and cytosine (=~ —7 kcal/mole [1]). In the isolated
complementary base pairs A-T and G-C, the potential in the vicinity of the NH,
group of adenine (—21.1 kcal/mole) remains deeper than that of guanine
(—19.4 kcal/mole) and of cytosine (— 13.8 kcal/mole) [1]. However, when the base
pairs are incorporated into the model nucleic acid helices the situation changes and
the potential in the vicinity of the NH, group of adenine (=~ — 158 kcal/mole) is
now intermediate between that of guanine (=~ —171 kcal/mole) and that of
cytosine (=~ —150 kcal/mole). The importance of this situation is linked with the
recent interesting findings that the metabolites of carcinogenic polycyclic aromatic
hydrocarbons, such as the 7,8-dihydrodiol-9,10-oxide of benzo[a]pyrene and the
triol carbonium cation derived from it by the opening of the epoxide ring,
considered by many as the probable ultimate carcinogenic forms of this hy-
drocarbon, interact in vitro and in vivo with the NH, groups of DNA in decreasing
order guanine > adenine > cytosine [7-10]. This order correlates with the affinity
for electrophiles of these groups when incorporated with the model mini-DNA
helices studied here and in conjunction with results on the steric aspects of the
interaction between the metabolite and the model helices [11] suggests that the
electronic factors put into evidence here could possibly be responsible for the
observed ordering of the interaction.

As it was the case with the G-C pair the effect of the adjacent base-pairs is minor and
the addition of its contribution (Table 2) does not change the general aspects of the
results described above.
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