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Structural and energetic properties of DNA hairpins and PNA binding to DNA
(PNA*DNA) in both parallel and antiparallel configurations were studied using molecular dynamics
simulations. Also, the ionization potentials of PNA*DNA were calculated using quantum chemistry.
As a result, the conformations of both simulated DNA hairpins (Sa-AA-Sd and Sa-AAA-Sd) remain
stable throughout 12 ns. The calculated charge transfer property of these trajectories showed that the
charge transfer couplings are in agréement with those of the normal DNA duplex. Therefore, the
hairpins are good models to study hole transfer through DNA. For PNA*DNA systems consisting of
adenine bases on PNA strand and thymine bases DNA strand, the antiparallel configuration exhibits
higher stability than the parallel one with the binding free energy of —44 and —24 kcal/mol for
antiparallel and parallel duplexes, respectively. These results are consistency with our previous
study in which the PNA strand contained thymine bases. This indicated that alternation of base pairs
on PNA and DNA strands does not affect the stability of PNA*DNA complex. In addition, study of
the effect of adding salt revealed that added salt can screen the negatively charged DNA strand,
resulting the significant increase of the stability of DNA duplex; the binding free energy increases
from -5 to —20 kcal/mol. However, the added salt has no effect on the stability of PNA*DNA
systems. For the ionization potential calculation of adenine-thymine and guanine-cytosine base pairs
with PNA and DNA backbones, we found that the obtained ionization potentials are consistency
with those of the corresponding base pairs of DNA duplex. This showed that the type of backbone

has no significant effect on the ionization potentials of base pairs.





