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Stacked conformation Unstacked conformation
Figure 1. Typical stacked and unstacked
conformation for a DNA segment (ACCA). The four
nucleic acid bases are indexed by 1-4. The solvent
accessible surface area (SASA) of 10.35 nm? in the
unstacked conformation is significantly larger than
the SASA of 9.83 nm? in the stacked conformation.

The following study was proposed by Hata to
Watanabe, after her presentation at the MERIT
self-directed camp. Hata had found it difficult
to study mechanisms of minor conformational
changes of DNA using experimental approaches,
and Watanabe provided him with the
methodology of theoretical chemistry and a
new way to study the mechanisms.

Introduction

Stacking interaction of nucleic acid bases plays a
central role in stabilization of the DNA double
helix structure. In the case of single-stranded
DNA, the base-stacking can occur. The
single-strand base-stacking (SSBS) of DNA is
likely to affect the interaction between nucleic
acid strands and the DNA-related technology
such as polymerase chain reaction, various
blotting techniques, and DNA nanotechnology.
However, the stability of SSBS of DNA can
not be estimated from the sequence, unlike
the double helix structure. Thus the further
insight into the sequence dependence of SSBS
has been highly desired. Recently, the existence
of some DNA base quadruplets facilitating the
SSBS has been suggested experimentally [1].
In the present study, the stability of SSBS for
one of the SSBS-facilitating base quadruplets
was evaluated using molecular dynamics (MD)
simulations.

Methods

MD simulations were performed according to Qi
et al. [2] Briefly, two DNA segments of ACCA
and TTTG were simulated at 300 K for 1 ns.
The former is considered to facilitate SSBS and
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the latter is a control. The initial conformations
were obtained using the double helix structures
of B-DNA. All MD simulations were performed

via Gromacs 4.6.2 with the Amber 03 force field.

Results

The conformations obtained from snapshots
during the simulation were characterized
according to the solvent accessible surface area
(SASA) of the DNA segments. The SASA is
defined as the surface area of the DNA segment
accessible to a water molecule. The SASA
increased as more the stacked conformation was
broken (Fig. 1), thus the SASA of the DNA
segment describes the stacking geometry of the
bases.

Figure 2 shows the distributions of the SASA
for the two DNA segments. For ACCA, a peak
at 9.83 nm? appeared (Fig. 2A). At the peak, the
DNA segment formed the stacked conformation
(Fig. 2A, inset). On the other hand, for TTTG, a
peak at 10.21 nm? appeared and, at the peak, the
SSBS was partially broken (Fig. 2B). This result
indicates that the probability of forming stacked
conformation of the DNA segment ACCA was
larger than that of TTTG. This result is consistent
with the experimental result reported previously

[1].

Discussion

MD simulations for atomic-level characterization
of biomolecular processes such as the
conformational transitions associated with
DNA function have been prevented by the
computational demands with the simulations

including a large number of water molecules.

However, in this study, MD simulations of DNA
molecules with waters were performed using
recent advances in algorithms, software, and
computer hardware. As a result, the theoretical
understanding of the sequence dependence of
SSBS was obtained. To gain further insight
into the dependence, the detailed investigation
with many sequences will be necessary. This
kind of study will be helpful to facilitate the
experimental designs for fast interaction between
nucleic acids, and such process is believed to be
very important in bio/nanotechnology.
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Figure 2. Distributions of the solvent accessible
surface area (SASA) for conformations of (A) a
SSBS-facilitating, and (B) a control base quadruplet.
A typical conformation at a peak is shown in the
upper right of each panel. Arrowheads indicate the
peaks.
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