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Fractional solubilization of haemoproteins and partiai purification of
carbon monoxide-binding cytochrome from liver microsomes

Recent work in this laboratory!;2 has demonstrated that the CO-binding pigment
discovered in liver microsomes%4 is in fact a new cytochrome of the b type. This
cytochrome shows anomalous spectra in the microsomal bound form, but behaves
as a typical haemoprotein when converted to a solubilized form. The microsomal
bound and solubilized forms of the pigment have been tentatively called P-450 and
P-420, respectively, to distinguish them from each other. This pigment has, however,
not yet been separated from cytochrome &;, another microsomal haemoprotein, and
its properties have so far been studied only by means of difference spectrophotometry.
This paper reports successful separation of the two microsomal haemoproteins by
fractional solubilization and briefly describes partial purification of P-420. The micro-
somes used were prepared from rabbit liver by a modification® of the method of
MitoMa ef al.b.

As already reported®-2, anaerobic treatments of microsomes with heated or une
heated venora of the snake, Trimeresurus flavoviridist, or with deoxycholate led to
almost quantitative solubilization of both cytochrome &; and the CO-binding cyto-
chrome, the latter being fully converted to the form of P-420. As can be seen from
Table I, however, digestion of microsomes with crude pancreatic lipase {“steapsin”)
under suitable conditions resulied in the quantitative solubilization of only cyto-
chrome &;. Most of the CO-binding cytochrome thereby remained attached to the
undigested particles and could be sedimented by centiifugation at 105000 x g for
60 min. The sediment, free from cytochrome b, represented about half of the micro-
somal protein and will be referred to as CO-binding particles. In these particles the
CO-binding pigment existed both in the forms of P-450 and P-420 as evidenced by
the appearance of two absorption maxima at 452 myu and 421 my on addition of CO
to dithionite-reduced particles, correspoading to the formation of CO compounds of
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TABLE I
FRACTIONAL SOLUBILIZAIIGN OF HAEMOZROTEINS FROM LIVER MICROSOMES

Rabbit-liver microsomes (final concn., 6-7 mg protein/ml) in 0.1 M phosphate buffer were treated

anaerobically at 37°. Heated snake venom was prepared as described previously®. Per cent solubili-

zation was estimated based on the amount not sedimentable by centrifugation at 105000 % g

for 60 min. Protohaem and cytochrome b1 were determined as in a previous paper?. P-450 and

P-420 were estimated from the CO-difference spectra of dithionite reduced samples using the

molar extinction coefficients reported in the text. Protein was determined by the method of
LowRry et al 8.

% Solhlization
Solubilization treatment P-a50 Pryz0
%

o CO-binding %
Protein Protohaem  Cytochsome by cytochrome ’

0.07 % steapsin (pH 7.5, 60 min) 46.3 3L.5 79.1 8.3 48.9 5I.1
0.74 9%, steapsin {(pH 7.5, 60 min) 571 41.7 98.3 12.5 33.5 66.5
0.1 % heated snake venom (pH 8.5, zo min)  $8.0 95.0 98.0 g97.0 o 100

P-450 and P-420 respectively, It was, therefore, suggested that the CO-binding cyto-
chrome which is still bound to particulate structures can take the form of P-4z0 if
the microsomal constitution suffers considerable alterations by enzymic digestion.

The cytochrome in the CO-binding particles was fcund to be labile to oxygen;
P-420 was much more rapidly decomposed than P-450. The decomposition was
accompanied by a corresponding decrease in protohaem content. It is likely, as has
been suggested?, that the aerobic peroxidation of microsomal lipids? is responsibie
for the degradation of protohaem. In a nitrogen atmosphere the CO-binding particles
could be stored for several days without any loss of the CO-binding cytochrome.

When the CO-binding particles were treated anaerobically with 0.1 % heated
snake venom or 0.I % deoxycholate or both (pH 8.5, 37°, 20 min), the CO-binding
cytochrome was fully converted to the form of P-420 and at the same time brought
into solution. The cytochrome solubilized by the combined action of heated snake
venom and deoxycholate could be purified by ammonium sulphate fractionation
(precipitate between 20 and 40 %, saturation), gel filtration through Sephadex, and
hydroxylapatite column chromatography. The preparation thus obtained represented
4- to 6-fold purification over mit rosomes and contained 6-7 mumoles of protohaem/mg
of protein. Unlike the CO-binding particles, the purified cytochrome was quite stable
to aeration probably owing to the removal of unsaturated lipids during purification.
Although this preparation behaved as a homogeneous protein in electrophoresis, it
was still heterogeneous in ultracentrifugal analysis.

The absence of cytochrome &5 in this preparation now permitted direct measure-
ments of absolute spectra of P-420. In ¥ig. I are shown absorption spectra cf the
oxidized and reduced forms as well as the CO compound of purified P-420. It may
be seen that the reduced form shows «, 8 and Soret bands at 559, 530 and 426 mp,
respectively, and the general shape of the spectrum is characteristic of a cytochrome
of the b type. On combination with CO, the Soret peak of recuced cytcchrome shifts
to 422 mp and is considerably intensified.

It was possible from these spectra to calculate melar extinction coefficients on
protohaem basis. The following values (in terms of mM-! cm~1) were thus obtained:
Oxidized form (at 414 mp), 124; reduced form (at 426 mp), 149; CO compound
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(at 422 my), 213; CO compound (increment between 420 and 490 my), 111. From
the last-mentioned value and the change in CO-difference spectrum accompanying
the conversion of P-450 to P-420 by anaerobic digestion of microsomes!2, it was
further possible to estimate the increment in molar extinction coefficient between
450 and 490 my of the CO compound of microsomal-bound P-450. The value thus
obtained was g1 mM-! cm-*. Using this value, the content of P-450 in a microsomal
preparation was determined to be 1.55 mumole/mg of protein, whereas the same
preparation was found to contain, per mg of protein, 1.12 and 2.55 mumoles of cyto-
chrome &; and protohaem, respectively. These data indicate that all of the microsomal
haem czn be accounted for by cytochrome b; and the CO-binding cytochrome.
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Fig. 1. Absorption spectra of purified P-420. Protein, 0.67 mg/ml. Protohaem, 4.6 mumoles/ml
0.1 M phosphate buffer (pH 7.0). , oxidized form; — — ~ -, reduced form (Na,S,0,); - ««---
CO compeund of reduced cytochrome.

Although P-450 in microsomes and P-4z0 in anaerobically digested microsomes
can be reduced nicotinamide-adenine dinucleotides, these reagents were unable to
reduce the purified preparation of P-420. It is likely that a reductase or reductases
catalysing these reactions have been removed during purification.
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