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The current status of the ab initio calculations for the electronic states, stable structures and dynamics of DNA and as-
sociated molecular systems is reviewed. Using computational tools such as the fragment molecular orbital method, the
(ab initio and classical) molecular dynamics method and the charge equilibration method, we are analyzing the mecha-
nism of transcriptional regulation in which the molecular recognition between DNA and proteins plays a vital role. In
addition, we are studying the electron transfer or transport properties of DNA which have recently attracted consider-
able attention in the context of radiation biology and nanotechnology applications. In these problems, the interfaces
among DNA, proteins, ligand molecules, solvent, counter ions and electrodes are often essential for their relevant func-
tions. The theoretical issues remaining to be elucidated are also addressed.
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Fig.1 Partition of biomolecules to fragments. (a) DNA. (b) Polypeptide. (c) Cysteine
residues with disulfide linkage.

Tablel Comparison of energies between the FMO-HF and conventional HF methods for DNA .**” The energies are ex-
pressed in units of hartree unless specified.

Duplex Single strand Singlestrand  AE{(A+B)-A-B}

DA sequence PDB  (ACB chains) (chain A) (chain B) (kcallmol)
(1) FMO-HF
5-(CGCGCG)-3 2DCG [115306.636690 [ 7653.602884 [ 7653.750519 449.74
5 -(GTACGTAC)-3 197D [ 20669.794156 [ 10335574950 [ 10335.596473 864.25
5 -(CCCGGCCGGG)-3 160D [ 26155782225 [113078.806862 [113078.946652  1293.48
(2) HE
5-(CGCGCG)-3 2DCG [115306.640027 [ 7653605122 [ 7653.753490 450.92
5 -(GTACGTAC)-3 197D [ 20669.796533 [ 10335.578013 (] 10335.599607 866.65
5 -(CCCGGCCGGG)-3 160D [ 26155786233 [113078.901727 [113078.951687  1297.18
(3) AE((FMO-HF)-(HP)) (kcall mol)
5 -(CGCGCG)-3 2DCG 2004 1.404 1.864 01175
5 -(GTACGTAC)-3 197D 1492 1922 1.967 02397
5-(CCCGGCCGGG)-3 160D 2515 3,052 3.159 0 3.697
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nism for the lactose operon controlled by cAMP and
CRPin Escherichia coli.
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Fig. 3 Theresults by the FMO calculation for the complex of DNA and cAMP-CRP
in Escherichia coli. The CPK, tube and ladder representations refer to CAMP,
CRP and DNA, respectively. The color represents the sign and strength of the
interactions between the fragments. For the domain denoted by yellow, the
blue and red fragments illustrate the stabilized and unstabilized interactions,
respectively, and their deepness demonstrates the strength of interaction. Left:
the interactions between the CAMP-CRP complex and the DNA base frag-
ments. Right: the interactions between the DNA duplex and the amino acid
residue or CAMP fragments. The illustration was provided by BioStation

Viewer. "
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