Development of ab initio fragment molecular orbital method program: ABINIT-MP
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ABSTRACT. Information of electronic states is indispensable to understand the properties and the reactions
of biomolecules such as proteins. Molecular orbital calculations are widely used to obtain the electronic states of
molecules. Molecular orbital calculations of large biomolecules, however, are very difficult to execute even on a
supercomputer because the amount of calculations increases in proportion to 3-4 power of a system size. In order
to realize low cost and personal execution of ab initio MO calculations of the large molecules, a novel method, the
fragment MO method, and its computer program, ABINIT-MP, has been developed. We report that the
calculations of electronic state of biomolecules are inexpensively carried out with the ABINIT-MP program using

the fragment MO method.
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Table 1 The sp® hybrid (6,— 6,) and core (65) orbitals of carbon atom?

AO 0, 0, 0, 0, 0,

S1 -0.117822 -0.117822 -0.117822 -0.117822  1.003631
S, 0.542327  0.542327  0.542327 0.542327 -0.015049
Px 0.000000  0.802054 -0.401112 -0.401112  0.000000
Py 0.000000  0.000000 -0.694550  0.694550  0.000000
P, 0.850729 -0.283634 -0.283634 -0.283634  0.000000

@ The orbitals are derived from the natural localized MOs [6] of CH,
at the HF/STO-3G level and normalized.
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PDB 1D:1A28, 500, 8237 FMO —-HF/
3 STO-3G 24565 101.3h
Table 2 Total energies of Alpha-1 and crambin
Molecule PDB Number of Total energy / a.u. Error
Residues FMO-HF/STO-3G  HF/STO-3G / kecal/mol
Alpha-1 (chain A) 3AL1 13 -4855.2759231 -4855.2754720 -0.3
Alpha-1 (chain B)  3AL1 13 -4855.5709689 -4855.5700528 -0.6
Alpha-1 (dimer) 3AL1 26 -9711.1897149 -9711.1883710 -0.8
[Pro*, Leu®™]crambin 1EJG 46 -17779.5030137  -17779.5023991 -0.4
[Ser®, 1le®]crambin  1EJG 46 -17777.1487290  -17777.1483655 -0.2
Table 3 Total energies of DNAs
Molecule PDB Total energy / a.u. Error
FMO-HF/STO-3G HF/STO-3G / kecal/mol
d(CGCGCG) 2DCG  -15306.6366903 -15306.6400266 2.1
d(GTACGTAC) 197D -20669.7941563 -20669.7965333 15
d(GGGGTCCC) 1D91 -20849.4215815 -20849.4214016 -0.1
d(GCGGGCCCGC) 137D -26156.4304007 -26156.4376874 4.6




5
ABINIT-MP Viewer

crambin 6, PDB ID:1EJG,
FMO-HF/STO-3G

6 Crambin  ABINIT-MP Viewer
ABINIT-MPViewer  ABINIT-MP
1) 3
2)
3)
4)

ABINIT-MP Viewer
7 (Gly)s

46, 642

CPK

Java Java3D

7(Gly)s

ABINIT-MP

ABINIT-MP

ABINIT-MP

Insightll/CHARMmMm

ABINIT-MP Viewer

http://moldb.nihs.go.jp/abinitmp/

(IPA) 13

(PM)

[1] K. Kitaura, T. Sawai, T. Asada, T. Nakano, M. Uebayasi:
Pair Interaction Molecular Orbital Method: An
Approximate Computational Method for Molecular
Interactions, Chem. Phys. Lett. 312, 319-324 (1999).

[2] K. Kitaura, E. Ikeo, T. Asada, T. Nakano, M. Uebayasi:
Fragment Molecular Orbital Method: An Approximation
Computational Method for Large Molecules, Chem. Phys.
Lett. 313, 701-706 (1999).

[3] T. Nakano, T. Kaminuma, T. Sato, Y. Akiyama, M.
Uebayasi, K. Kitaura: Fragment Molecular Orbital
Method: Application to polypepties, Chem. Phys. Lett.
318, 614-618 (2000).

[4] K. Kitaura, S. Sugiki, T. Nakano, Y. Komeiji, M. Uebayas,
Fragment molecular orbital method: analytical energy
gradients, Chem. Phys. Lett. 336, 163-170 (2001).

[5] T. Nakano, T. Kaminuma, T. Sato, K. Fukuzawa, Y.
Akiyama, M. Uebayasi, K. Kitaura: Fragment molecular
orbital method: use of approximate electrostatic potential,
Chem. Phys. Lett. 351, 475-480 (2002).

[6] A. E. Reed, R. B. Weinstock, F. Weinhold, J. Chem. Phys.
83, 735 (1985).

[7] O. Kikuchi, T. Nakano, K. Moarihashi, ABINIT, University
of Tsukuba, Tsukuba, 1992.



