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1. Introduction

The pH-dependent change of absorption spectra
of ferrous alkylated cytochrome ¢ (dicarboxymethyl—
methionyl—cytochrome ¢) was reported to be due to
the transition between low spin and high spin states
[1]. Since the ferrous cytochrome ¢ gives strong
Raman lines [2] and Raman spectra are sensitive to
the spin and oxidation states [3]- of hemoproteins,
we attempted to measure the resonance Raman spectra
as well as optical absorption spectra of ferrous alkylat-
ed cytochrome c in the region between pH 3.0 and
11.0. General patterns of Raman spectra of ferrous
alkylated cytochrome ¢ resemble to that of ferrous
native cytochrome ¢ and most of Raman lines do not
.show pH-dependent frequency shift. However, a pH-
sensitive Raman line was found around 1540 cm™!
and it was concluded that the pH-dependent change
is due to the transition between two kinds of low
spin state with a pK of 7.9. In alkylated cytochrome
¢ two methionyl residues (at the 65th and 80th posi-
tions) were alkylated with bromoacetate in the
presence of KCN [4], and lysine-79 is supposed to
be the 6th ligand of the heme iron [5]. Since ferrous
native cytochrome ¢ did not show any pH-dependente
of Raman spectra, the spectral change of alkylated
cytochrome ¢ is deduced to be associated with the
coordination of lysine-79. The spin state and structure
of ferrous alkylated cytochrome ¢ will be discussed
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in relation with the results of kinetic measurements
by Brunori et al. [1].

2. Materials and methods

Horse heart cytochrome ¢ (Sigma type VI) was
purified as described previously [6]. Alkylated cyto-
chrome ¢ was prepared by slightly modified method
of Schejter and Aviram [4]. Ferric cytochrome ¢ was
incubated with 0.15 M bromoacetate in the presence
of 0.1 M potassium cyanide in 0.1 M Tris—Cl buffer
at pH 7.0 for 36 hr at 25°C. After the dialysis of the
above solution against 0.01 M phosphate buffer at
pH 7.0 for 24 hr at 5°C, sodium dithionite was added
to dissociate the bound cyanide. Gel filtration was
performed on Sephadex G-25 column equilibrated
with 0.01 M phosphate buffer at pH 7.0 to remove
the cyanide. The filtrate was oxidized by potassium
ferricyanide, and then passed through Sephadex G-25
column equilibrated with the same buffer. The elute
was charged on CM-cellulose column equilibrated with
0.01 M phosphate buffer at pH 6.8 and then developed
with 0.08 M phosphate buffer at pH 6.8. The main
fraction of the elute was used in the present investiga-
tion.

Resonance Raman spectra were recorded with
the use of a JEOL-02AS spectrometer equipped with
cooled HTV-R374 photomultiplier and photon count-
ing detection.
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Absorption spectra were measured with a HITACHI
124 recording spectrophotometer at 25°C.

Reduction of alkylated cytochrome ¢ was performed
in anaerobic condition (approx. 0.05 mmHg) with
sodium dithionite. Concentrations of the cytochrome
were 0.2 mM and 25 uM for the measurements of
resonance Raman and absorption spectra, respectively.

3. Results

Resonance Raman spectra of ferrous alkylated
cytochrome ¢ between pH 3.0 and 11.0 exhibit the
almost similar features to those of ferrous native
cytochrome ¢ [2] except for the highly pH-dependent
band around 1540 cm™!, and are typical low spin
type of ferrous hemoproteins [3].

For elucidation of this pH-dependent band, parallel
and perpendicular components of the Raman scattering
near 1540 cm™! of ferrous alkylated cytochrome ¢
in 0.1 M phosphate buffer at pH 3.9, 7.0 and 9.7 are
illustrated in fig.1. Although the inverse polarized band
at 1583 cm™! and polarized band at 1488 cm™" do not
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Fig.1. Polarized Raman spectra of ferrous alkylated cytochrome
¢ near 1540 cm™! band at pH 3.9, 7.0 and 9.7. Instrumental
conditions : excitation, 514.5 nm line of Ar*/Kr" laser (Spectra
Physics model 164—02); power, 200 mW; time constant, 0.5
sec; sensitivity ; 4000 counts full scale, rate; 0.25 sec, slit

width; 6 cm™". Solid line: electric vector of the scattered
radiation is parallel to that of the incident radiation. Broken
line: electric vector of the scattered radiation is perpendicular
to that of incident radiation.
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exhibit pH-dependence, the depolarized band at 1545
cm™! disappears and new depolarized band appears at
1533 cm™! by increasing the pH value from 3.9 to
9.7. At pH 7.0, a broad band is observed at 1542 cm™".
It may be due to the coexistence of two forms which
give Raman lines at 1533 cm™! and 1545 cm™!. The
1545 cm™! and 1533 cm™! bands are thought to be
characteristic of the acid and alkaline forms [1] of
ferrous alkylated cytochrome ¢, respectively. This pH-
dependent transition shown in resonance Raman spectra
was found to be reversible.

In fig.2, the apparently observed frequency* of
the pH sensitive Raman line is plotted against pH,
together with the change of optical absorbance of
o~band at 550 nm of ferrous alkylated cytochrome c.
The pH-dependence of optical absorbance of at 550
nm are essentially the same as that previously reported
by Schejter and Aviram [4]. The pH-dependence of the
frequency of Raman line corresponds quite well to
that of absorption spectra, giving rise to the pK value
of this acid-alkaline transition to be 7.9.

4. Discussion

From resonance Raman spectroscopy, ferrous
alkylated cytochrome ¢ was found to be in low spin

* We have plotted the wave number of the band instead of the
ratio of relative intensities (/1533 ¢! /11545 cm-*) because
of large uncertainties in estimation of the intensities.
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Fig.2. pH-dependence of the apparently observed wave
number of the ligand sensitive Raman band (top) and that of
optical absorbance at 550 nm (bottom) of ferrous alkylated
cytochrome c.
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state in the pH region between 3.0 and 11.0, because
the Raman line characteristic of high spin state [3]
never appears. Also the Raman spectra of alkylated
cytochrome ¢ between pH 3.0 and 11.0 and of native
cytochrome ¢ which is known to be in low spin state
are alike to each other. The pH-dependence of reso-
nance Raman and optical absorption spectra is, there-
fore, thought to correspond not to the transition
between low spin and high spin states but to that
between two kinds of low spin states.

The pK value of the transition in Raman spectra,
7.9 is in good agreement with the previously reported
value, 8.0, determined by optical absorption spectra
by Schejter and Aviram [4]. Brunori et al. [1] observ-
ed a similar transition by kinetic measurement and
interpreted it as structural change associated with a
change in coordination state of the heme iron between
penta (high spin) and hexa (low spin) coordinations,
coupled with protonation at the nitrogen atom of the
e-amino group of lysine-79. Dickerson et al. [5] pro-
posed that the 6th coordination position of the heme
iron of this modified cytochrome may be occupied by
internal ligand, lysine-79 fromi the results of X-ray
crystallographic studies, although Keller et al. [7]
claimed that the position is vacant by NMR studies.
As interpreted above, this transition has become clear
to be between two kinds of low spin state, therefore
lysine-79 is thought to be coordinated to the heme
iron of this modified cytochrome in low spin state
between pH 3.0 and 11.0. The transition observed for
Raman bands at 1533 cm™! and 1545 cm™! may
possibly be due to the change of the binding nature
of lysine-79 followed by pH-dependent structural
change of the protein. Similar transition from low
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spin to another type of low spin states without sub-
stitution for the 6th ligand was observed in ferric
cytochrome b in alkaline pH region [8]. It may be
concluded that this pH sensitive band reflects a deli-
cate change of the interaction between ligand and
heme iron, though the origin of the band is not yet
clear at the present stage.
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