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• Quantum Mechanics/Molecular Mechanics (QM/MM) method	


• Molecular Dynamics (MD) simulations	


  � Nitric oxide reductase (NOR) [1] 	

 	

 �Topoisomerase (Topo) [2]	


	


	


	


	


	


	


	


 	


Theoretical study on a calculation method of electron transfer coupling matrix (T) [3]	
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生体システムにおける動作原理の理論的解明	
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• Quantum Mechanics/Molecular Mechanics (QM/MM) method	


� Oxygen Evolving Complex in Photosystem II [1] �Threonine Synthase [2]	


	


	


	


	


	


    	


	


	


• Molecular Dynamics (MD)@HA-PACS	


    Long time (64μs) simulations for a Nuclear Receptor (Vitamin D) [3]	


	


• Development of GPU codes (○梅田,塙,庄司,朴)	


     GPU code for HF calculation in openFMO [4]	
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大規模QM/MM計算	


	

より現実的な計算モデル	


	

より正確なエネルギー評価�
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•  OEC reaction:     2H2O  ->  O2  +  4H+ + 4e-"

"
•  A 1.9Åresolution X-ray structure of PSII was solved [1]. 
- Clear OEC structure and surrounding water molecules 
were identified. "

Photosystem II  (PSII) and ���
Oxygen-evolving complex (OEC)	



[1] Y. Umena, K. Kawakami, J-R. Shen, N. Kamiya, nature 473, 53 (2011).	
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Spectroscopies	


EPR	



EXAFS	



•  ESR signals   	


	

- S0: MLS(g=2, S=1/2) 	

	


	

- S2: MLS(g=2, S=1/2),  g=4 or 6-10 (S=5/2)	


	

- difficulties for the Mn(III) magnetic anisotropy	



	


•  Number of different H atoms	


•  Water exchange	



FTIR	



•  Distances between heavy atoms (Mn-O, Mn-Mn, Mn-Ca)	



•  Hydrogen bond changes	



ENDOR	





QM/MM	


Hsystem = HQM + HQM/MM + HMM	
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まとめ�

•  スーパーコンピュータを活用する事で生体分子シミュレーション	


	

における大規模かつ精密計算が可能となってきた。	



	


•  実験結果と良く対応させる事が可能となってきた。	



•  計算機シミュレーションは生体システムの解明と応用に	


	

今後、重要な役割を果たせる�


