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The Effect of Screening the Electrostatic Potentials of
Reactive Sites Within B-DNA by Metal Cations

Didier Cauchy, Richard Lavery and Bernard Pullman

Institut de Biologie Physico-Chimique, Laboratoire de Biochimie Théorique, associé au C.N.R.S., 13,
rue P. et M. Curie, 75005 Paris, France

The effect of screening the backbone phosphates by Mg>* ions, in various
ways, on the negative electrostatic potential minima associated with the
nucleic acid bases in B-DNA is investigated. The results are compared to
screening by Na* ions and to the corresponding potential minima in
unscreened B-DNA.
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In a recent publication from this laboratory [1] we have presented calculations of
the electrostatic potential minima at sites of the nucleic acid bases, susceptible to
electrophilic attack, within a model of B-DNA consisting of one full helical turn of
this biopolymer. Subsequently, we have also described the effect on these
potential minima of screening the phosphates in the B-DNA backbone by two
different cations, NA™ and CH;NH," [2].

In the present note we extend these studies on countercation screening to include
a divalent cation, Mg>*, bound to the phosphates of the double helix in various
ways.

Our studies of Na* screening involved a complete neutralisation of the net charge
of our B-DNA model, which is to say that one naked sodium ion was directly
bound to each phosphate group of the backbone. To obtain a similar neu-
tralisation with the divalent Mg®" ions it is only necessary to bind one such ion to
every second phosphate group and this may be done in two ways: configuration
(I), in which the screened phosphates in the two backbones are “staggered”
(Fig. 1a); configuration (II), in which the screened phosphates in the two
backbones are “in step” (Fig. 15). It will be noted that in this latter case an exact
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Fig. 1. Schematic diagrams representing the configurations of Mg”" ions screening B-DNA

neutralisation of charge is not possible for the nucleic acid section of 22 phosphate
that we have studied and the screened nucleic acid section has a net charge of +2.
The position of Mg’" in these cases was between the two anionic oxygens of the
phosphate group, in the OPO™ plane with two identical bonds Mg**-0O0f1.95 A
[31. We have, in addition, studied the screening by Mg2+ in a position, with respect
to a phosphate group, that could be adopted by this ion surrounded by its first
hydration shell of six, octahedrally positioned water molecules. When bound
through-water to a single phosphate group this position is again in the OPO~
plane with two symmetric Mg>*-O distances of 3.78 A [4]. In this case, the
configuration of Mg*"’s bound to the B-DNA segment was taken to be as in
Fig. 1a. A second possibility was also considered where the hydrated Mg** ion is
bound to two consecutive phosphate groups with through-water bonds to one
anionic oxygen of each phosphate, yielding two symmetric Mg**-O distances of
3.78 A, as for the single phosphate binding described above. The configuration of
this scheme of screening, termed (III), is shown in Fig. 1c. Note that for this
scheme the screened 22 phosphate segment of B-DNA again carries a net charge,

-2.
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We remark that in both screenings by the “‘hydrated”” Mg®* ions the potentials of
the water molecules of hydration, very weak in comparison to the potentials of the
ions, are not included in the present calculations.

The results for these various Mg*" screenings are presented in Table 1 with, for
comparison, the corresponding potential minima for the free nucleotides [1],
unscreened B-DNA [1]and B-DNA screened by Na™ [2]. The minima for guanine
and cytosine were calculated for the central base pair in a repetitive sequence GC
and those for adenine and thymine for the central base pair in a repetitive
sequence AT. All values are given in kcal/mole. After each column of Table 1 the
numbers in parentheses denote the order of decreasingly negative potentials.
From table 1 several conclusions can be drawn:

(1) Alarge overall increase in potential and a considerable reordering of the base
sites occur between the potential minima corresponding to the free nucleotides
and those of the 22 phosphate segment of B-DNA. These changes have already
been discussed in our previous publications ([1] and references contained
therein).

(2) For the proposed Na* and Mg>"* screenings, the potential minima are rather
similar. much smaller than those for free B-DNA but, nevertheless, more
negative, in many cases, than those for the free nucleotides. The principal
exception to this observation being the less negative minima for the helix screened
by Mg>* in configuration (II), when the segment studied carries a net positive
charge, +2, as previously described.

(3) Comparing the ordering of the potential minima resulting from unscreened
B-DNA or Na" screened B-DNA with those for the various Mg*" screenings
there is surprisingly little change. For all screenings, N7(G), N3(G) and N3(A) are
associated with the deepest minima and moreover when their order is changed
from that in B-DNA, for naked Mg**’s in configuration (II) or hydrated Mg**’sin
configuration (I), there are only a few kcal/mole separating the interchanged sites.
For the weaker sites of Table 1 there are again only very few reorderings most of
which involve interchanges of no more than one or two places in the ordering
scheme.

We thus conclude that, at least for screening of B-DNA involving direct or
through-water binding of cations to the phosphate groups, the principal effect is
an overall linear shift of the potential minima at the bases with little internal
reordering. Further, that even for “saturated” countercation screening the base
potentials generally remain more attractive to electrophiles than for free nucleo-
tides.
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