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which catalyzes the respiratory reduction reaction of Basis set 6-31G (d,p)

O, to water. Reduction of Otakes places at the
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oxidase witha phosphorylation potential, and the

results were interpreted as evidence for the
thermodynamic linkage of proton translocations [1].
In 2000, Wikstrom was able to successfully sustain a
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complete catalytic oxygen reduction reaction of '
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8H* + 0. — 4Fe®* — Cvtochrome ¢ + 2H.0 + initial model simulation Evalution
4H*I21. In 2009 Collman et al. dund the rate- S o D
determination sten of the catalvtic oxvaen reduction i
reaction in cvtochrome ¢ oxidase. and svnthesize the
best[3mimic structure of cytochrome ¢ oxidae active  Fig. 1. Simulation Flow Chart of this study. N
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Tlhe oxygen reduction reaction was previously j . o
studied using first principle calculations based on the ¥, g% o & B,
density functional theory (DFT) with the B3LY/®B- S 9% 6 2 Bg"¥ T,
31G (d, p) method in the Gaussian09 program [4] e ea S gise *%.
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in Table 1. It is generally agreed that DFT methods _ . ,
give accurate results ~for the geometries and Fig. 2. Optimizd structure of the reduced cytochrome c oxidase

vibrational frequenciesf transition metals [7-8]in active site.
this study, the simulated the functional model of o E i
metallic active site in the respiratory enzyme d. . i o n W e
cytochrome c oxidase is simulated and the output Pk M b
data is used to analyze the reaction energy of oxygen paete?y L 29 L e9
reduction reaction. The metallic active center was e e - Tely 0 o,
calculated with three different multiplicities, singlet, R s e 25330
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mimicked cytochrome ¢ oxidase active site is shown
in Fig. 2 According to the results of geometric

energy of different multiplicities, we could sum u;t))

the reaction center of cytochrome c oxidase bhe
quintet. Figure 3 shows the computed geometric  Table 2. Gaussian 09 output summary of the catalykggen
structure of the predicted oxidized cytochrome ¢  reduction reactioatthe cytochrome c oxidase active site.

Fig. 3 Optimized structure of the oxidized cytochrome cdasie
active site.

oxidase. The reaction energies are defined as Gaussia@d _ Energy(eV)
Ereaction = EOZ + ECytcm_{idase - E(Cytcoxidasp+()2) Fe(singlet) -108188
and results are shown in Table 3. Metallic ions have Fe(triplet) 10818

different kinds of multiplicity. However, Gaussian09 . -
outputs the most stable state of cytochrome ¢ oxidase Fe(quinten 108199
ferrOUS Ion as a qu|ntet. It is We” knOWn that the Table 3. Gaussian 09 output summary of the Catalyximen
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HOMO (the highest occupied molecular orbital) is Gau(s)s'ag Enz(r)g;’l(zv) ReaCt,'\?/r/LEnergy
found to be occupied by two single electrons. The 2 ——

adsorption bond formed” by the interaction of the d Fe(quintet)  -108195 N/A

orbital of the metal and thzr* orbital due to the Fe0-0 112287 ;20.615

electrons that exist in the metallic d orbital is
predicted.



