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Introduction

This experiment is one of the series'* of
“Spectroscopic Determination of Organic Material”.
Especially, as the molecular structure of organic
material is very complicate, such a delicate structur-
al analysis requires some new specific unusual
techniques, cell, apparatus, instrument(ex. resonance
Raman scattering), and others. This experiment is
one of typical example.

The one process which oxygen reacted with
cytochrome ¢ oxidase showed the photodissociation
regarding carbon monoxide. This one process was
determined in comparison with this oxygen enzyme
reaction and the iron-dioxygen reaction(stretching
vibration) which appeared at 567 cm' (Fe-O stretch-
ing mode) finding in oxyhemoglobin or oxymyoglobin.
The changes in the intensity of Fe-O2 stretching
mode were detected in resonance Raman spectrum.

This experiment was carried on at Institute for
Molecular Science partially and Colorado State
University partally.

Experimental and Results

The enzyme of cytochrome c oxidase was isolated
with the outstanding method® and was stored at lig-
uid nitrogen temperature before the usage for this
experiment. The phosphate buffer (100 mM) at pH
7.4 with 1% dodecyl- /3 -D-maltoside (200 ;M) sol-
ubilized the enzyme which was deoxygenated in an
anaerobic chamber. The anaerobic enzyme (200 M)
was reduced with ascorbic acid (50mM). The
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cytochrome c (cyt-c,3 «M) exposed to carbon mon—
oxide for form (cyt-c O-CO).

The sample of (cyt-¢ O-CO) was placed in one
syringe of flow rapid mixing apparatus, and dioxy-
gen saturated (1.4 mM) phosphate buffer (100 mM,
pH 7.4) was placed in the other syringe. The solu-
tions were mixed in the above-described apparatus
and flowed at the rate varied from 10 us to 500 us
into the special Raman cell where the incident laser
both photodissociated the carbon monoxide from the
enzyme and probed the resonance Raman spectrum.

The scattered light was detected with an array
detection system, 1.25 meter spectrograph (Spex
Industries) and linear photodiode array detector
(Princeton Applied Research).

To make high sensibity of determination, the ref-
erence samples, cyt-c and carboxy myoglobin, were
run through this apparatus.

In the case of this determination, an accuracy was
+ 2cm* on the array detector. The incident laser
intensity (100 mV at 413.1 nm) was adjusted to
obtain significant photolysis of the CO-bound
cytochrome ¢ oxidase. This laser power level
assures that the oxygen-bound complex may not be
photodissociated by the laser, therefore a mixture of
unphotolysed material (cyt-c O-CO), photodissoci-
ated but unreacted material (cyt-c¢ O), the former
intermediate of the reaction with oxygen (cyt-c¢ O-
O2)r and the latter intermediate (cyt-c O2)¢ was
considered as each important compound for analysis
of that reaction process.

(cyt-c 0-CO) —~ cyt-c O+ 02 =5 (cyt- ¢ O-O2)s

—x (cyt-¢ 0-02)¢

These resonance Raman scattering spectra of these
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reaction products of dioxygen with the enzyme in
the range of iron-dioxygen mode of heme pro-
teins’™'® were reported as the related experiment. On
the other hand, this new experimental results are
shown in Fig. 1.
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The cyt-¢ O-CO was mixed with either 02 or 02
buffer solutions. The specific bands of *O2 and "*O2
appeared at 567cm™ and 548cm respectively. This
isotope shift appeared in Fig.1-c. This spectrum
showed the presence of iron-dioxygen stretching
mode 567 cm'.

The results of this experiment demonstrates that the
former intermediate in the reaction of oxygen with
the enzyme may be formed at room temperature.

In Fig.1, the resonance Raman spectra and differ-
ence spectra of the former intermediate shows the
reaction of cytochrome c¢ oxidase with the isotopes
oxygen observed in a time window of 0 ~ 50 us.

a: reaction of fully reduced cytochrome ¢ oxidase
with Q2.

b: reaction of fully reduced cytochrome ¢ oxidase
with Q2.

(2)

c: difference spectrum showing the isotope shift of
the Fe-Or streching vibration mode of former inter-
mediate in the reaction of oxygen with the fully
reduced enzyme.

Discussion

Cytochrome ¢ oxidase is the terminal enzyme in
the electron traensport chain. And it catalyses the
four electron reaction of oxygen to water in a com-
plex series of steps.” For analysis of the complex
mechanism of this electron transport process, the
molecular structure and property of the former and
the latter intermediates at least. The former interme-
diate in the reaction of oxygen with the fully
reduced enzyme (cyt-c O) may be detected at room
temperature.

The Fe-O2 stretching mode of oxyhemoglobin or
oxymyoglobin was compared to that of the former
intermediate with an iron-dioxygen bond analogous
to that in the oxygen carrier and transport proteins.
The Fe-O2 stretching mode which was detected in
the reaction of oxygen with the enzyme showed the
same frequency. This isotope shift agreed with that
predicted (—20 cm") for an iron-dioxygen stretch-
ing mode based on a harmonic oscillator
approximation. It should be pointed out that the Fe-
O stretching from the Fe-O-O-Fe in base-free model
complexes has been reported at 574 cm™.

An oxygen isotope sensitive line at 588 cm™ in an
early intermediate of the reaction of cytochrome ¢
oxidase with oxygen.” However, the sensitive line
could not be detected in this experiment. It was con-
sidered that the assignment of the Fe-O2 stretching
vibration mode at 567 cm in the former intermedi-
ate of the reaction of oxygen with cytochrome ¢
oxidase was very reasonable and clear description.
This resonance Raman scattering and the difference
spectrum were very useful method to analyse the
result and to draw the conclusion.

The Fe-O2 stretching mode has a characteristic fre-
quency which is uncomplicated by other spectral
lines. In addition, the spectrum of the intermediate
reacted with Oz minus that reacted with 'Oz cor-
rects for the instrumental artifacts and changes in the
spectrum due to the formation of other intermediates
leading to very flat difference spectra with major
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peaks and valleys at the frequencies of the Fe-O2
stretching modes of the former intermediate.
Therefore, it is thought that an accurate determina-
tion of the former intermediate may be obtained by
following the development and the decay of that
mode.

Conclusion

In the reaction which oxygen reacted with
cytochrome ¢ oxidase, the former intermediate was
shown photodissociation of carbon monoxide. And
the presence of this former intermediate was consid-
ered in comparison of the reaction of oxygen with
the enzyme and the iron-dioxygen stretching vibra-
tion which was detected at 569 cm. The frequency
shown in oxyhemoglobin or oxymyoglobin was
same to the iron-dioxygen stretching vibration
which was determined with the resonance Raman
spectroscopy at room temperature in this experiment.

Summary

The one process that oxygen reacted with
cytochrome ¢ oxidase showed the photodissociation
in regard to carbon monoxide. This one process was
determined in comparison with this oxygen enzyme
reaction and the iron-dioxygen reaction (stretching
vibration) that appeared at 569 cm* (Fe-O:2 stretch-
ing mode) finding in oxyhemoglobin or
oxymyoglobin. The changes in the intensity of Fe-
O2 stretching mode were detected in resonance
Raman scattering spectrum.

(3)

References

1) K. Horitsu: Bull. Tokyo Kasai Univ. 30 (2) |
1990

2) K. Horitsu: ibid. 32 (2) 1 1992

3) K. Horitsu: ibid. 35 (2) 1 1995

4) Y. Mizutani, S. Tokutomi, K. Aoyagi, K.
Horitsu, T. Kitagawa: Biochemistry 30 10693
1991

5) M. Wikstrom, K. Krab, and M. Saraste:
Cytochrome oxidase; A Synthesis, Acad. Press.
N.Y. 1981

6) S. Yoshikawa, M.G. Choc, M. C. O’ Toole, and
W. S. Caughey: J. Biol. Chem. 252 5408 1977

7) C. Varotsis, W. H. Woodruft, and G. Babcock:
J. Am. Chem. Soc. 111 6439 1989

8) H. Brunner: Naturwissenschaften 61 129 1974

9) K. Nagai, T. Kitagawa, and H. Morimoto: J.
Mol. Biol. 136 271 1980

10) H. Van Wart, and J. Zimmer: J. Biol. Chem. 260
8372 1985

Footnote - As a pagination for one report was limit-
ed by budget, these sections of introduction,
experimental and results, discussion, conclusion,
and summary should be shortened. And the rigorous
restriction was one person one contribution one
year.
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