
�������� ��	
���
��

Infrared and Raman spectroscopic investigation of the reaction mechanism of
cytochrome c oxidase

Satoru Nakashima, Takashi Ogura, Teizo Kitagawa

PII: S0005-2728(14)00562-3
DOI: doi: 10.1016/j.bbabio.2014.08.002
Reference: BBABIO 47357

To appear in: BBA - Bioenergetics

Received date: 28 April 2014
Revised date: 7 July 2014
Accepted date: 11 August 2014

Please cite this article as: Satoru Nakashima, Takashi Ogura, Teizo Kitagawa, Infrared
and Raman spectroscopic investigation of the reaction mechanism of cytochrome c oxi-
dase, BBA - Bioenergetics (2014), doi: 10.1016/j.bbabio.2014.08.002

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.bbabio.2014.08.002
http://dx.doi.org/10.1016/j.bbabio.2014.08.002


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 1 

Review 

 

Infrared and Raman spectroscopic investigation of the reaction mechanism of 

cytochrome c oxidase 

 

Satoru Nakashima
1
, Takashi Ogura

1,2
 and Teizo Kitagawa

1*
 

 

1
Picobiology Institute and 

2
Department of Life Science, Graduate School of Life Science, 

University of Hyogo, RSC-UH Leading Program Center, 1-1-1 Koto, Sayo-cho, Sayo-gun, 

Hyogo 679-5148, Japan, 

 

Article history 

Received 

 

Keywords: 

Cytochrome c oxidase 

Proton-pumping mechanism 

Time-resolved infrared and Raman spectroscopy 

 

 

 

 

 

 

 

Abbreviations: CcO, cytochrome c oxidase; IR, infrared; rR, resonance Raman; TR, 

time-resolved; BNC, binuclear center; ATR, attenuated total reflectance; FT, Fourier transform; 

MV, mix valence; FR, fully reduced; DFG, difference frequency generator; OPA, optical 

parametric amplifier, COV, CcO contained in phospholipids vesicles; TR
3
, time-resolved 

resonance Raman; CW, continuous wave; Mb, myoglobin;  
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