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Isahelicul geomerry of sequence-specific DNA narraw groove binding ligands was analyzed in wrms of H-bond denarfueceptor complementarity

Between the buse puir atoms fucing into the narrow groave and the corresponding H-bond denuting atoms regularly disposed along the ligand

molecule, Sputial correlations found in unulytieal form were applied to analysis of naturally oceurring and hypothetical drug molecule struetures.

For the euse of B-like isohclices the permitted values of the distunee L, between ¢uch twe neighboring H-bond donating atoms of the ligund as
well us the bending angle v, of the line subsequently conneeting these stoms were estimited us follows: L = (5.020.4) A v, = (265 2)°,

DNA/drug interaction: DNA sequence-spevificity; DNA ligand recognition: Lexitrapsin, Isohelical ligund

1. INTRODUCTION

Successful investigations of the molecular basis of
AT-binding specificity in netropsin, distamycin A and
Hoechst 33258 binding to DNA [1-7] have continued
with'the design and synthesis of new types of sequence-
specific DNA narrow groove binding ligands [3-8).
Original suggestions of hypothetical chemical structures
and corresponding theoretical considerations (lexitrop-
sins, isolexins, and so on) [4,5,9,10] have been made to
stimulate the synthesis of ligands with more com-
plicated AT/GC specificity [11,12]. Unfortunately,
such promising names have not resulted in the desired
DNA-binding properties of the real substances subse-
quently synthesized {11-13]. To simplify the choice of
chemical structures: necessary for synthesis, some
geometrical rules are preseaied here for prediction and
analysis of the'potential capacity of ligand molecules to
form sequence-specific DNA narrow groove binding
isohelices.

2. MATERIALS AND METHODS

An elongated molecule of a regular sequence-specific ligand was
supposed 1o consist of several repeating bulky elements connected by
flexible chains. hmaginary connections of ‘the centers of these
elements are shown in Fig. 1 with a cylindrical broken line, which is
inscribed in a DNA-like helix. In this model, each middle plane of the
bulke element passes through the corresponding two-fold symmetry
axis and tends to be most paralle! to the walls of the narrow groove,
thereby ensuring the largest number of possible van der Waals con-
tacts between ligand and DNA, A general method for calculating of
helical parameters of polymer chains from bond lengths, bond angles
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and internal-rotation angles was developed earlier {14). Arnott's
spatial siructure of the H.DNA double helix (1$) and standard values
of van der Waals radii of atoms were taken for stereometric caleula-
tions.

3. RESULTS

The geometry of a regular isohelical ligand (see Fig.
1) may be characterized by three dimensions (3.5 As
s = 85A[16), d, { < L) of its bulky elements and by
parameters L, 7, ¥ and «, the dependencies of which on
usual helix-generating parameters R, A and ¢ [15] are
easily obtained as follows:

L = V¥ ¥ aR¥in*(172) (1)
h* + R*in%

= 180° — 2arcsi \/ 2
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h
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Egns. 1, 2 and 3 give two additional useful correla-
tions:

NR*sin®(1/2) + L*cos*(i/2)
L
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T = 180° —~ 2arcsin
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v Fig. 1. Maia parameters and model representation for twe subscgucm
bulky ¢lements of elongated regular isohelical ligand (right) which fit
the free volume of DNA narrow groove (left).

hL % sint
hisin¥(r/2) + L3cosi(1/2)

¥ = arcsin - (6)

The plots of L and 7 against R as well as that of 7
against' L are shown for the case of B-DNA in Fig. 2.
Steric hindrance between H-bond donating atoms of
the ligand and B-DNA narrow groove atoms as well as
usual values of H-bond length (2.6-3.0 A [17]) allow
one to estimate the maximal interval of permitted R
values: 4.8 A = R, = 6.8 A, These limitations deter-

mine the ranges of L, and 7, values shown in Fig. 2 with

shaded areas. The approximate value of R = 8.5 A
characterizing the ‘half-depth’ of the B-DNA narrow

0 2 4 6 LA

Fig. 2. Plots for eqns. (1) - (A), (2) - (B), (5) - (C) and (6) - (D) in

the case of B-DNA (fi=23.38 A, r=36°), Thickened paris of the

curves show the sterically permitted regions for parameters. Inside the

shaded areas, corresponding to possible variations of Rq, Lo, and 7o,

the open dotted lines determine the average values of these parameters
(sce text).
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Fig. 3. Polar Lq, 7 plot providing the stencil (A) helpful far checking
of the three subsequent positions of H-bond donating atoms in the
Hgand molecule, (B) and (C) Corresponding comparisons of Hoechst
33258 and distamycin A backbones with the stencil, Only e-bands and
not all hydrogens are drawn. (®) nitrogen; (9) oxygen atoms.

groove (see legend to Fig. 2) determines the correspon-
ding values of the next dependent variables: L = 6.2 A,
7 = 30° ¢ = 20°. These values roughly seem to be the
most. preferable for the corresponding structures of
designed isohelical ligands.

Polar L, 7o plots (Fig. 3A) can be used as the stencil
which determines the three subsequent positions of H-
bond donating atoms in the ligand molecule, When the
middle atom is imposed on the circle, the centers of
both neighboring ones should fit the short segments
shown - with thickened lines. Corresponding com-
parisons obviously should be done with projections of
isohelical structures on the stencil’s plane. Practically,
this procedure is simplified by using a planar represen-
tation of molecular structures, taking into account that
the resulting deviations of atom positions under con-
sideration appear to be of 0.1 + 0.2 A, if Y = 20°, as
seen from Fig. 2D.

Comparison of the stencil with such widely known
AT-specific DNA narrow groove binding ligands as
Hoechst 33258 [2,5-7] and distamycin A [1,3,4,7] is
presented in Fig. 3. Taking into account possible rota-
tions around single bonds, one may conclude that the
backbone of the former ligand ensures a better fit. At
the same time, both structures are characterized by
those Lo values which are nearly out of the uppermost
permitted limit. This fact can explain the reason of the

-observed winding of the DNA helix by about 2° caused

by distamycin A binding [18].

Inspection of two isolexin structures suggested by
Goodsel et al. [9] (Fig. 4A,B) clearly proposes some
characteristic properties for each of the ligands. Thus



Valume 281, number [,2

(A}

(8)

(o]

(D)

Fig. 4. Application of the stencil for checking the possibility to use

ligands as sequence-specific DNA narrow groove binding agents; (A)

and (B)isolexins suggested by D, Goodsel and R.E. Diekerson (9); (C)

and (D) new structural motifs, which are suggested here as showing

the best fit with the stencil. The shaded circles are H-bond donating

atoms (nitrogen or oxygen). Other heteroatomic positions are not
detailed.

pyrrol-ketone-like backbones (A) are rather good, but
nearly out of the lowest limit of permitted values for L.
This implies that binding of these sequence-specific
ligands should probably be accompanied by some un-
winding of the double helix. The pyridyl-amine-like
backbones (B) clearly demonstrate a low chance for
future DNA drug design.

New structural motifs suggested in Fig. 4C,D, have
much better coincidence with the stencil.. Therefore
these motifs are more adaptable to local deviations of
real DNA conformation from the ideal B one.

The stencil suggested in this paper may appear to be
a useful instrument (probably by means of computer
program) for organic chemists elaborating the strategy
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for synthesis of sequence-specific: DNA binding drugs.
The same approach can also be developed for the design
of ligands which should demonstfate binding specificity
to A- and Z-DNAs or to double stranded RNAs,
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