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ABSTRACT : Triplex forming oligonucleotides could prevent genetic transcription at the
level of genes. Nucleotide bases with the capability of specific H-bonding interactions
with base pairs in the major groove of DNA have been designed. Calculations by
semiempirical methods lead to four compounds as possible triplet forming nucleobases.

RESULTS AND DISCUSSION

Since it is known that the fundamental organizing role in duplex as well as in
triplex formation is hydrogen bonding, studying interactions of this type on simpler but
analogues systems may lead to a better understanding of the laws of superstructure
formation in DNA aggregates. During the procedure several factors were taken into
account: the molecule should contain substructure capable of Hoogsteen H-bonding
with the purine base of the Watson-Crick doublet, should be cyclic and planar, for
practical purposes it should be chemically stable and the triplet should be stable too.

The A(denine)-T(hymine) and G(uanine)-C(ytosine) base pairs were built and
optimized using Biosym Insight II molecular graphics program. A methyl group was
placed on each base at the deoxyribose binding site to provide some resemblance to the
real thing. Two fragments of the novel molecule were docked to two adjacent hydrogen

bonding sites of guanine or adenine. The other parts were appended to meet criteria
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mentioned above. Semiempirical MNDO method was applied for studying planarity of the
newly designed molecules and both AM1 and PM3 methods for geometric optimization of
the triplets, providing with enthalpies of formation, hydrogen bond energies and hydrogen
bond distances. Computational procedures were performed on a SGI Indy R5000 graphic
workstation and an IBM RS6000 computer using either the Spartan or the QCPE
MOPAC 7.0 program package.

Trying to meet geometric and chemical criteria we ended up with four compounds
having possible triplex forming ability: quinolin-2-ylamin (1), indol-2-ylamin (2), pyridin-
2-ylamin (3) and 2-aminopyrrol (4) (Fig. 1).
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Figure 1.

Calculated values of enthalpies of formation and hydrogen bond energy of base triplets
can be seen in Table 1.

Table 1. Enthalpies of formation and hydrogen bond energy of base triplets
(A - adenine, T - thymine, G - guanine, C - cytosine)

Triplet Method | AH'/kcalmol® | H-bond energy
/kcalmol™!
1-A-T AM1 81.523 -2.585
PM3 15.171 -1.363
3-A-T AM1 61.488 2.664
PM3 -2.086 -4.375
2-G-C AM1 97.829 -4.337
PM3 18.672 -1.154
4-G-C AM1 85.041 2,731
PM3 9.284 2.664
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Aromatic n-1 stacking interaction is as important in stabilization of DNA helices
as hydrogen bonding is. It also works with triplex DNA as well, however, theoretical
investigation is computationally very expensive. Basically, this is the reason why we
limited ourselves to studying base triplets only.

Oligonucleotides containing nucleosides derived from pyridin-2-ylamin, one of our
designed compounds, was synthesized by Cassidy and co-workers and their triple helix
forming abilities were studied by various experimental methods. Measurements verified
that this compound does have triplex forming ability. We are continouing to study our
lead compounds using ab initio calculations and also planning to verify the capability of

specific H-bonding interactions of designed nucleobases by physical chemical methods.
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