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1. Intyoduction

Cytochirome oxidase (EC 1.9.3.1) the terminal
member of the mituchondrial electron transfer chain
is 2 coplex enzyme containing two heme groups,
two cupper atoms and # number of different polypep-
tide components [1]. The enzyme is an intrinsic part
of the mitochondrial inner membrane, and as
Complex 1V is likely to be intimately associated with
other electron complexes to facilitate electron trans-
fer from DENH at Complex | or succinate at Complex
I} to molecular oxygen [2]. Further, Complex 1V
must be associated with F; and coupling factors to al-
low ATP synthesis at this coupling site. The tight asso-
ciation between cytochrome oxidase and other com-
ponents of the mitochondrial inner membzane has
made isolation and purification of the enzyme difti-
cult and a variety of preparations containing from 2
to 7 polypeptides with molecular weights varying be-
tween 8,000 and 80,000 have been reported {3—6].
Recently we have described a method of preparing
cytochrome oxidase with a heme a content between
9.4 and 10.6 nmoles/mg protein [7]. In preparations
with the highest heme a content, all the component
polypeptides had molecular weights below 20,000
[7]- We have since been able to purify the enzyme
further, taking advantage of the different solubility of
cytochirome oxidase and its associated impurities in
media containing potassium cholate and ammenium
sulphate. This purification step yields an enzyme with
aheme @ content as high as 14.6 nmoles/mg protein.
Further there are only two molecular weight species
of polypeptides in the enzymic complex.
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2. Experimental

2.1. General methods

Protein was determined by the method of Lowry
et al. [8] . Phospholipid was detcrmined by phospho-
ri1s anaiysis according to Chen et al. [9]. Heme # was
estimated by the reduced versus oxidized alkaline pyr-
idine hemochromogen difference spectral method as
described by Williams using ¢,y (587620 nmj} =
=21.7 [10] . Cvtockrome ¢ oxidase activity was deter-
mined spectrophotometrically at 38° by the method
of Smith [11] in 2 medium 0.1 M in sodium phos-
phate buffer pH 7.0 and G.25% in Tween 29. The ini-
tial concentration of reduced cytochrome ¢ was 22
uM.

Gel etectrophoresis was performed and gels were
fixed and stained as described by Fairbanks et sl
[12] except that 3% sodium dodecyl sulphate and 5
wM S-mercaptoecthano! were used to solubilize the
sample. Densitometric tracings of the gels were per-
formed with a Gilford linear scanning attachment to
a Beckman DU spectrophotometer using quarte cells.
Molecular weights were calculated from the migration
of several proteins of known molecular weight sub-
jected to electrophoresis in parallel with tha cyto-
chrome oxidase samples [ 13]. The calibration curve
for 10% gels used in this study is shown in fig. 1.

2.2. Preparation of mitochondria

Beef heart mitochandria were prepared by the
method of Crane et al. [14] except that 10 m:M Tris-
HCI bufter (pH 7.8} replaced phosphate as a buffer.
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Fig. 1. Standard curve, constructed from the mobilities of a
nuntber of proteins of known molecular weight, run in paral-
lel with cyochrome oxidate an 10% po!yacrylamnde gels in
sodivm dodccyl sulphale.

2.3. Preparation and further prerification of cyto-
chrome oxidase '

Cytochrome oxidase prepared as described by
Capaldi and Hayashi [7] , was washed twice with 0.1
M potassium phosphate buffer (pH 7.4). This precipi-
tated the enzyme which was collected by centrifuga-
tion at 78,000 g for 15 min. The pellet was washed
ance with a solution of potassium cholate (1% w/v)
and ammonium sulphate (0.} M) in the phosphate
bulfer. In this sclution of low ammoniom sulphate
concenlration, cytochrome oxidase was iess soluble
than associated impurities and small amounts of these
impurities were removed in the supemnatant. The en-
zyme was then suspended in 0.1 M potassium phos-
phate (pH 7.4) containing potassium cholate (I mg/mg
protein) and precipitated with ammonium sulphate
(45% saturation). The supematant was discarded and
the pellet was extracted with 0.1 M potassium phos-
phate buifer containing potassium cholate (1%) and
ammonium snlphate (25% saturation). Under these
conditions cytochrome oxidase was more soluble than
associated impurities and the insoluble material sepa-
rated by centrifugation at 78,000 g for 15 min (P(),
was rich in impurities. Addition of armmonium sul- .
phate Lo a final concentratior of 43% saturation then
precipitated a highly purifled cytochrome oxidase
(P2), as detailed in the following sections. P; and P,
were resuspcnded inO0.IM polassmm phasphalc buff-
er pH 7.4 and stored at —20°.
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; . Table 1
The ch!mcleﬂstics of punl]ed cytochrome oxidese.

- Specific

. activity . e

" {zec” mg Hemea - Phospholipid
. ‘protein in ... (nmoles/mg (mg/mg
Samuple * 1 ml voluma)}  protein) - - proteln)

' Starting - .. ]

materind 2.6-35 9.3-10.6 0.17—-0.25
P, 4.0-6.1 13.2-14.6 0.12-0.18

3. Results and discussion

‘The activity, heme a content and phosphollpid con
tent of the starting material i.e., cytochrome oxidase,
as purified by the method of Capaldi and Hayashi [7],
and P, are listed in table I. Heme & was concentrated
in the I*; fraction and th[s material had enhamoed cn-
Zymic activity. '

" The polypeptide components in each sample are .
shown by the electrophoretic patterns in fig.-2. Crude
cytochrome oxidase with a heme g content of 9.4
nmaoles/mg protein showed six bands in polyncryl-
amide gels; two major components of 14,000 and
11,500 daltons and four minor comporents of 36,000
19,000, 12,800 and 10,000 daltons. The 36,000 and
19,000 dalton potypﬁpudes are s:gruf‘cant compo-
nents of the enzym:z complex in preparations with
this low heme a content, as reported previously [7].

Interestingly, the two major bands had a reddish-
purple Ruorescence when gels stained with Coomassie
blue werc examined under an incandescent lamp.
None of the mintor components showed this property.

Baum et al. [I5] have reported similar fluorescence

of certain hemoprotein—amido black complexes in
phenol —-acetic acid—urea gels while Clayton and
Haselkorn [18] have observed fluorescence of some
components of bacterial photosynthetic membranes
stained with Coomassie blue. Baum et al. [15] sug-
gested that this ﬂunrescence |s a property of heme
bearing polypeplides.

The electrophoretic patiéms of P; and P, are
shown in traces b and ¢ of fig. 2. Concomitant with
the ‘increased purity of the enzyme in fraction P,
there was a great reduction in the amount of many of
the polypeplides as compared with the starting
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Fig. 2. Densitomeiric tracings of the polypeptide componenis
in varlous fractions obtaincd during the purification of cyto-
thrane oxidase from beef heart mitochondria. Trace I: en-
Zyme prepared a5 doscribed by Capaldi and Hayashi [7]. 9.3
nmoles heme g/mg protein. Trace 2: Py, Trace 3: P2 14.6
mles heme 2/mg protein,
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material (troce a). The 36,000 dalion polypeptide was
completely absent. Compeo:i.ents of 19,000, 12,800
and 10,000 daltons were drastically diminished. These
poly peptides were all concentrated in fraction P

. {trace b). Only tlie 14,000 and 11,500 molecular

weight species were present in significanl amounts in
the purified cytochrome oxidase. This is not to say
that the minimum complex competenl to catalyze the
oxidation of ferrocytachrome ¢ has anly two difter-
ent polypeptide components. In fact, the asymmetric
nttuze of the 11,500 dalton band is indicative of this
band being constituted from two or more different
polypeptides with fairly stimilar molecular weights.

In summary therefore, we report a method of pre-
paring cy tochrome oxidase whici: vields an enzyme
of heme 7 content up o 14.6 nmoles/mg protein. The
minimum molecular weigh1 {69,000), calculated on
the basis of this lieme « content is close to thal re-
ported for the molecular weight of the monomer
form of the enzyme ¥ v Criddle and Bock [17]. This
enzyne preparation contains ondy two molecular
weight species of polypeptide of 14,000 and 11,500.
The 11,500 dalton band is probably derived from at
least twa different polypeptides. Finally, it is worthy
of note that the molecular weight species we have
determined to constilute cy lechrome oxidase ' in-the
narrowest sense™, that is the minimum complex con-
zinfng heme & and copper that can catalyze oxidation
of Tarrecy tochrume ¢ by molecular oxygen, are not
synthesized in the mitochondrion [{8, (9}, thus end-
ing speculation that cytochrome oxidase is wholly or
in part synthesized in this organeilc.
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