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Since the double helix structure of DNA was discovered in 1953, the DNA molecule has drawn
much research interest to biologists, chemists and physicists over the next decades. Its unique
one-dimensional layered n-m electron stacking structure of base pairs in double-stranded form establishes the
foundation of that DNA has the potential for use as electronic materials and optical materials. The
overlapping 7 orbitals of base pairs imply that DNA has the possibility of electric conduction. However, the
direct conductivity measurements of DNA had not produced consistent results, varying from insulator,
semi-conductor, conductor, and so on. Therefore, it is very important to make clear the electronic states and
the electric properties of DNA that will be of benefit to the understanding of charge transferring mechanism
in DNA duplex. On the other hand, the highly delocalized m-electron systems can cause strong nonlinearities.
Viewed from this point, the nonlinear property of DNA molecules with m-m conjugation should be a great
expectation. Nevertheless, it was reported that pure DNA is one kind of optically passive material. To solve
these conflicts, theoretical investigations can greatly aid in explaining the experimental phenomenon of
DNA.

Elongation method has proved to be an accurate and efficient method for calculating the electronic
structure of large quasi-one-dimensional aperiodic polymers, and it has been extended to calculate the local
density of states (LDOS) at the ab-initio molecular orbital level. To investigate the effects of counter-ions
(Na"), base composition and base sequences on DNA conductivities, the LDOS calculations were performed
on various DNA models. The band structure calculations based on periodic boundary condition (PBC) using
screw axis symmetry were performed for comparison with LDOS calculations. The results indicated that:
Na' can greatly decrease the energy of the lowest unoccupied molecular orbital (LUMO), and consequently

decrease the energy gap between LUMO and HOMO. The electron transfer between stacking
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Adenine/Guanine and Sodium would play an important role on the conductivity of DNA. Guanine is the most
important base for DNA conductivity in all of the DNA bases, and the conductivity of DNA varies with the
base sequences. Moreover, poly (dG) - poly (dC) shows that it is the best conductor in all DNA duplex
models.

The elongation finite-field method was performed to calculate static (hyper)polarizabilities of the
double strand of B-type poly (dG) - poly (dC), the single strand of B-type poly (dG) and the single strand of
B-type poly (dC) DNA models. T.he first hyperpolarizabilities (B) for the three models are very small. This
result implies these models almost have no second order optical susceptibility. The second
hyperpolarizability (y) of B-type poly (dG) - poly (dC) is much higher than those of the other two single
strands, but the absolute value of v is still not big enough compared with other classic NLO materials. We can
conclude that the n-x electron stacking structure of base pairs in the double-strand of DNA does enhance the
second hyperpolarizability (y) of DNA, but the enhancement is not enough to make B-type poly (dG) - poly
(dC) DNA itself to be a good nonlinear optical material.

Water molecules around the DNA duplex can play an important role in the charge transferring
through the = stacking of base pairs, but in all of our calculation models we don’t consider the water
molecules in the systems for it is very difficult to decide the position of water molecules. Moreover, we need
a more reasonable structure of DNA under the influence of water. For this purpose, we proposed a new
local molecular dynamics (MD) method at ab-initio level for highly efficient calculations of aperiodic
polymer systems with including dynamics. Elongation molecular dynamics (ELG-MD) combines the
elongation (ELG) method with the molecular dynamics simulation algorithm-Gear predictor corrector (GPC).
In ELG-MD method, the local gradients which act on the nucleus of all atoms in the active site are calculated
by the elongation method while the evolutions of nucleus’s motion are carried on by the GPC algorithm. As
the first application of this method, ELG-MD method is performed to investigate the conformation of
polyglycine with water molecules system. The efficiency of ELG-MD is obviously higher (about 31%) than
the conventional ab-initio molecular dynamics (AIMD). The water effects on the conformation of
polyglycine are examined. The ELG-MD simulations show that the helix conformation of polyglycine is
induced by the hydrogen bonds (H-bond) observed in H-bond rings. This calculation can be the preliminary

investigation of biomaterial systems.
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