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§１．Outline of Research Work 
The goal of this project is to understand the charge separation mechanisms in biological systems 

using the electronic structure calculations, that is, molecular orbital theories. Specially, the electron 

transfer in the photosynthetic reaction center is focused on, since the efficiency in use of the solar 

energy is extraordinary and the reason for it is still kept unknown. Here, a QM/MM theoretical 

scheme is employed to take the effects of the surrounding proteins onto the pigments of the 

chlorophyll and others into account. To describe the excited electronic structures, a unified theory by 

the MRSCI (Multi Reference Single Electron Excitation Configuration Interaction) and Density 

Functional Theory is newly invented. The key is how to eliminate the doubly counted electron 

correlations taken into account separately in the two theoretical frameworks, which has been 

achieved successfully by defining a few operators rigorously. Furthermore, for the atoms in the MM 

space, a new sampling method has been also created, based on the statistical physics. Until this year, 

the major part of the theoretical formulations and program developments has been finished. By 

using these programs, the excited and positively charged states of the special pair, that is, 

chlorophyll dimmer are to be calculated as the evaluation for the new theories and program 

efficiency in the next year. 

 

§２．Content of Research Work 

The goal of this project is to understand the charge separation mechanisms in biological systems 

using the electronic structure calculations, that is, molecular orbital theories. Specially, the electron 

transfer in the photosynthetic reaction center is focused on, since the efficiency in use of the solar 

energy is extraordinary and the reason for it is still kept unknown. To simulate the electron transfers 

in the biological systems which are initiated by photo excitations using the solar energy like the 

primal process in the photosynthesis, the following three theoretical frameworks are necessary to be 

unified: 

1) Correct description of the excited states of the pigments especially focusing on the special pair to 

be treated as molecules in the QM space, by the MRSCI method  

2) Unification with Density Functional Theory (DFT) in order to take the dynamical electron 

correlations into account correctly 

3) Molecular dynamics calculations based on the molecular mechanics to take the influences from 

the proteins surrounding the pigments into account  

These subjects are now underway at NEC Fundamental and Environmental Research Laboratories, 

Faculty of Science, Osaka University and Institute for Protein Research, Osaka University, 

respectively. The results of these research groups for this year are mentioned below. 

  First, NEC group has been developing the MRSCI code which is well fit for parallel computer 

systems. There are three components: 



1) to generate Configuration State Functions (CSF) from designated reference configuration 

functions by one electron excitations 

2) to evaluate the Hamiltonian matrix from the molecular integrals over the molecular orbitals with 

the direct scheme named σ-vector  

3) to diagonalize the Hamiltonian matrix iteratively using Davidson’s algorithm 

In the next year, as preliminary applications, the excited state and ionized states of the special pair 

are planned to calculate using this program. It is known that the positive charge is distributed 

asymmetrically over the pair and the distribution is sensitively affected by replacement of the amino 

acids near the pair. To reproduce these experimental results will be a proof to qualify the 

calculations of the excited states.  

  Next, the research of Yamaguchi group is mentioned, where the new theory to unify the MRSCI 

and DFT is under development. The most difficult part of the development is how to eliminate the 

electron correlations doubly counted by both MRSCI and SDF schemes. To overcome this 

theoretical matter, a new formalism is considered by introducing the effective two electron operators 

and by dividing the Coulomb term as follows:  
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Here, ˆ V clmb
eff , ˆ V ex

eff , ˆ V c
eff  are the effective two electron operators designed to reproduce the classical 

Coulomb term (Vclmb ), the exchange term ( EX
MR ) and the Coulomb long distance interaction term 

given in the integral from. The preliminary calculations on small standard molecules, mono-centric 

transition metal compounds and organic radical compounds such as phenalenyl molecules have been 

performed resulting use of molecular orbitals optimized to lower excited state improves the 

excitation energies.  

  Finally, the research activity of Nakamura group is given. Their own method, “surface point 

charges and dipoles”, to take the influences of the MM atoms to the QM atoms into account in the 

QM/MM simulations by virtual point charges on the surface which covers the QM space, is 

developed. This algorithm has been installed in the molecular mechanics code which is hybridized 

with the QM code. As a computational model for the reaction center, the structure of Rhodobacter 

Sphaeroides determined by X-ray 3D analysis is set in the cell membrane and water molecules are 

distributed to surround this molecular system in order to realize the environment of the reaction 

center in the actual cell. The total number of atoms considered is 125,597. The system is shown in 



Fig.1    
 

 

 

 

 

 

     

 

 

 

 

 

 

Fig. 1 Model for the reaction center of Rhodobacter Sphaeroides 

The purple logs are the proteins and the pigments are in green and red. 

 

  Since the developments of these programs will be completed in the next year, it is planned to 

unify these into one QM/MM system to apply to calculations of excites sates of the reaction center. 

 

§３．Formation of Research Work 

Research Director  

Toshikazu Takada 

  Research Fellow, Fundamental and Environmental Research Laboratories, NEC Corporation 

Items of Research: Development of MRSCI Program and Theoretical Study of Electron Transfer 

Mechanism in Photosynthetic Reaction Center 

Main Research Collaborator 

1. Kizashi Yamaguchi 

    Professor, Faculty of Science, Osaka University 

Items of Research: New Theoretical Framework Development for MR-DFT and MRSCI-DFT 

2. Haruki Nakamura 

    Professor, Institute for Protein Research, Osaka University 

    Items of Research: Development of Molecular Mechanics Program to Take Influences of 

Surrounding Proteins into Account 
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（４－２） Patent Application  

① Cumulative Number 

1) Patent Applications in the fiscal year 2006 (Domestic- 0 Cases, Oversea- 0 Cases) 

2) Cumulative number of Patent Applications for the research period of CREST 

(Domestic- 0 Cases, Oversea- 0 Cases) 


