Development of the new quantum chemical calculation system for proteins
based on the density functional method program ProteinDF

-. A T TR LT
F. Sato, N. lhara, T. Ueno, S. Tahara, N. Tsunekawa, Y. Nishimura, N. Nishino, T. Hirano, T. Yoshihiro,
Y. Nishikawa*, T. Inaba*, Y. Nagamine*, T. Nishimura*, S. Koike*, H. Koike*, H. Kashiwagi
Institute of Industrial Science, University of Tokyo, *AdvanceSoft Corporation

We are developing a system for quantum chemical calculation of proteins based on the gaussian-type orbitals density functional method program ProteinDF. It can
treat the whole protein as a molecule and calculate the all-electron taking into account the electron correlation effect. This system will become a valuable tool for
the study of biotechnology in the post-genomic age. The system consists of 5 sub-systems: (1) an integrated GUI, (2) automatic simulation, (3) ab /nitio molecular
dynamics and geometry optimization, (4) a module for supercomputers, and (5) a protein wavefunction database.

ProteinDF is

* A gaussian-type orbitals density functional
method program which can attain all-electron
canonical wavefunction of proteins,

* Suited for huge molecular systems, especially
for metal-containing proteins,

* Coded by the object-oriented language C++.

Why are quantum chemical calculations of proteins required?

Proteins are huge molecules consisted of many amino acids, and about 1/3 amount of
them contain metal ions. In addition, proteins function within a biological environment
(—300K). This means that the analysis of protein function requires at least 0.1eV energy
accuracy. However, the most of conventional simulations of protein are classical ones
using database force fields, which assign the same parameters to all the same amino
acids in proteins, so that they may not provide sufficient accuracy.

 lonization potentials of ~ Fe(ll) ion ~700 keal/mol The 3D graphics of HOMO
heme ~100 of special pair model.
hemoprotein <10 H

Mulliken charge of ALAs in cytochrome ¢ by ProteinDF.
The left column is the RESP charge of ALA in AMBER99.
[ ALAL (A3 S AGS 2 ALA ANER

L The 3D graphics of the 3293-th MO (HOMO)

of aP-low-spin ferrocytochrome c.
- ' Pkl ,.'H.m.',,-__ : The isosurface values are + 0.05 (above left),
+ 0.005 (above right), £ 0.0005 (below left) and
+ 0.00005 (below right), respectively. The scale
of (A) is magnified twice.
This is the first time all-electron calculation of metal-containing protein (9,600 orbitals) in 2000.

Positions of ALAs in cytochrome c. Distribution of Kohn-Sham orbital energy
of cytochrome c.

ProteinDF system Topics I; Automatic Computation & QCLO

Integrated System
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