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Abstract: Force field methodology (AMBER) has been used in conjunction with X-ray crystallographic data to
evaluate the importance of attractive van der Waals forces in complexes of d(CGCGAATTCGCG);,
d(CGCAAATTTGCG),, and d(CGCGTTAACGCG); with a variety of ligands. Large negative energies were
obtained (-128 to -246 kJ/mol) which, with exception of netropsin, were insensitive to base-pair sequence.

Recent discussions of the molecular basis for minor groove binding of DNA-drug binding molecules have
stressed the importance of various factors, for example, hydrogen bonding, electrostatic forces, and van der
Waals interactions as major contributors.! A full understanding of these forces is essential to the future
development of new ligands with DNA recognition specificity. In view of the results of a recent comprehensive
experimental study? that provided evidence for the relative importance of van der Waals forces for
benzimidazole:DNA complexes, we initiated a theoretical evaluation of the role of van der Waals binding forces in
DNA complexes. Our objectives were to provide a basis for quantitative comparisons of these attractive3 forces in
a variety of complexes, and to seek correlations of ligand structure with van der Waals energy.

Empirical force field methodology provides a straightforward approach to this problem.3-¢ A comparison
of van der Waals components of the steric energy of the DNA complex with the analogous sum for the
duplex-+ligand provides an estimate of the magnitude and direction of this aspect of the energetics of binding. It
is recognized that these energy differences will be somewhat dependent on the force field because of differences in
parameterization, but we have shown in a survey of several systems that the differences are minor.3

Methodology: Cartesian coordinates and connectivity data for the complexes were obtained from the
Brookhaven National Laboratory Protein Data Bank as *.pdb files. These files were edited to remove water and
extraneous ions, and visualized by MacroModel v.4.0.7 Prior to calculation of the steric energies, the
representations of the ligands were modified to include double bonds, charges, and certain hydrogen atoms, (e.g.
NH, OH) to convert them into the appropriate format for single point energy computations by the united-atom
version of AMBER.7-8 The total steric energy of the complex was calculated; next, the ligand was excised and
the total energy of the duplex was calulated. Similarly, the total steric energy of the ligand could be obtained. The
van der Waals contributions to the total steric energies resulting from these single point calculations are listed in
the Tables.9.10.11

Results and Discussion. In each case (Tables 1, 2, and 3), the sum of the calculated single point
van der Waals energies of the components (i.e. ligand + duplex) is substantially greater than the van der Waals

energy of the corresponding complex. These differences reflect the relative importance of steric attractive forces
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between the ligand and the duplex and are independent on the presence or absence of solvent.
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Since the

calculated van der Waals attractive energies range from -128 kJ/mol to -246 kJ/mol and the experimentally

determined enthalpies are in the range of 35-50 kJ/mol!2 it is clear that there are counteractive forces at work.!3

Table 1 van der Waals Energies (kJ/mole) of Complex Formation with d(CGCGAATTCGCG);

Ligand pdb No. Complex Duplex Ligand Difference
4'-6-diamidine-2-phenylindole 1d30 -800.2 -678.0 30.4 -152.6
1,3-bis(4"-amidinophenyl)triazene 2bde -1273.0 -1159.6 39.8 -153.2
netropsin 1d86 -881.2 -801.6 48.3 -1279
1,3-bis(4-amidophenoxy)propane lprp -1072.6 -953.8 45.9 -164.7
ethyl-bis-benzamide (Hoechst 33342) 129d -875.3 -688.8 47.6 -234.1
1,5-di(4-amidinophenoxy)-3-oxapentane | 166d -1092.0 -938.8 290.8 -183.0
pentamidine 1d64 -891.3 -853.2 104.2 -142.3
bis-benzimide (Hoechst 33258) {dnh -737.6 -599.6 61.8 -199.8
bis-benzimide (Hoechst 33258) 1d44 -1097.8 -970.8 80.4 -207.4
imidazolinyl-hydroxyphenylbenzimidazol | 109d -1211.4 -1021.9 28.1 -217.6
Table 2 van der Waals Energies (kJ/mole) of Complex Formation with d(CGCAAATTTGCG),

Ligand pdb No. Complex Duplex Ligand Difference
1,3-bis(4'-amidinophenyl)triazene 1d63 -1220.8 -1093.9 37.1 -164.0
netropsin 121d -1031.8 -828.4 1.6 -205.0
1,3-bis(4-amidophenoxy)propane 102d -1071.8 -941.3 37.1 -167.6
bis-benzamide (Hoechst 33258) 264d -1126.2 -937.1 46.8 -235.9
distamycin 2dnd -490.7 -395.3 78.5 -173.9
Table 3 van der Waals Energies (kJ/mole) of Complex Formation with d(CGCGTTAACGCG);

Ligand db No. Complex Duplex Ligand Difference
netropsin 195d -1178.2 -933.9 2.0 -246.2

On the basis of these results, some generalizations can be made vis-a-vis structural effects. The magnitude of the

van der Waal contribution is not very sensitive to of base-pair sequences!4 but depends more on the nature of the

ligands. Those ligands with heteroatom linkers between aromatic end groups (Nos. 1prp, 166d, 1d64, 2bde,

{d63) each have relatively small van der Waals binding energies: 114-164 ki/mol. On the other hand, ligands

with several contiguous aromatic groups (Nos. 1dnh, 109d. 129d, 1d44) have relatively large van der Waals

binding energies: 200-234 kJ/mol.!! Representations of these molecules are shown in formulae that were

generated directly from the Brookhaven *.pdb files (Figure 1). The low calculated van der Waals energy for

complex No. 1d30 (Figure 2) is consistent with its position as a truncated member of the aromatic series.
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A third class of ligands including (modified) netropsin and distamycin (Figure 2) combines both of these
elements, having aliphatic chains interspersed with pyrrole rings. The calculated van der Waals energies for
modified netropsin are more variable and highly sensitive to the base-pair sequence (cf. Tables 1-3). Atomic
superposition of the three ligands shows large variations in the relative positions of the side chains. This may be a
reflection of the proposal by Kopka, et al. that base sequence information is read out by virtue of non-bonding
van der Waals packing contacts.!3

Figure 2
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Our results not only affirm the findings of Czarny, et al.2 but we believe that this protocol provides a
useful approach to the problem of understanding and optimizing this aspect of DNA-drug binding. For example,
our modeling methodology can be used to monitor the energy changes associated with structurally modified
ligands in bound complexes: an overall reduction in the van der Waals energy of the complex relative to that of the
components signals the likelihood of a more stable complex. In this way, one might be able to customize ligands
to fit the grooves more effectively . Future communications will deal with this concept and the energetics of
duplex conformational changes associated with binding.!3
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