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1. Introduction

Adrenal cortex mitochondria, in contrast with mi-
tochondria from other mammalian tissues, display
some morphological and biochemical analogies with
endoplasmic reticulum. The adrenal cortex mitochon-
dria are characterized by tubular or vesicular cristae
[1-3] resembling somewhat the smooth endoplasmic
reticulum as seen in particular in liver celis after pheno-
barbital injection [4] ; furthermore they contain a cy-
tochrome P-450 involved in the mitochondrial steroid
11$-hydroxylation and similar to the cytochrome
P-450 found in endoplasmic reticulum [5] . In order
to assess the biochemical analogies between endoplas-
mic reticulumn membrane and the outer mitochon-
drial membrane already pointed out by Parsons et al.
in guinea pig liver [6] we have studied the distribu-
tion of the 118-hydroxylase system in membranes of
beef adrenal cortex mitochondria. Enzymes localized
in mitochondrial membranes and used as markers
were monoamine oxidase for the outer membrane [7],
malate dehydrogenase for the matrix [8], and cyto-
chrome oxidase for the inner membrane. This report
briefly describes a purification procedure of the outer
and inner membranes of mitochondria from beef
adrenal cortex and shows that the deoxycorticosterone
11-8-hydroxylation system and the cytochrome P-450
are essentially localized in the inner mitochondrial
membrane.
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When this manuscript was completed a paper by
Yago and Ichii [9] also reported a localization of the
11-4-hydroxylase in the inner membrane of hog
adrenal cortex mitochondria. These authors used a
ficoll gradient to isolate mitochondrial membranes.
Our results are in complete agreement with theirs and
extend them by giving morphological evidence of the
efficiency of the separation.

2. Methods

Beef adrenal glands were collected at a local slaughter-
house immediately after killing the animal; they were
placed in crushed ice and transported to the cold room
where all subsequent operations were carried out at
0—4°. The cortex was scraped from the capsule avoid-
ing any pieces of the very hard capsule, suspended in a
cold solution containing 0.27 M sucrose, 10 mM Tris-
HCl and 0.2% bovine serum albumin, pH 7.4 and
homogenized in a Potter-Elvejhem type glass homo-
genizer with a motor driven Teflon pestle at 2,000
rpm to give a 10% homogenate; we used three strokes
of a loose fitting pestle and three strokes of a normal
clearance pestle. The homogenate was quickly centri-
fuged in a Sorvall centrifuge at 1,000 X g for 10 min.
The resulting supernatant fluid was then centrifuged
at 8,000 X g for 15 min.to sediment the mitochondria.
The mitochondria were washed thrice in the sucrose-
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Tris BSA medium and were final
0.27 M sucrose buffered by 2 mM Tns—HCl, pH 7.4.
30—40 mg of mitochondrial protein were routinely
obtained from one beef adrenal gland, giving a yield
of about 0.8% of the wet weight of adrenal cortex
tissue.

After swelling in 20 mM Na phosphate buffer,

nH 7 A cubhfractionation of mitachandria wag carriad
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out as described by Parsons et al. [6] with the following
minor modifications. The purification gradients used
with adrenal mitochondria consisted of 3 ml of 40%
(w/v) sucrose, 3 ml of 30% (w/v) sucrose, 3 ml of 15%
(w/v) sucrose and 1 ml of membrane suspension (from
5 to 10 mg of protein) The sucrose solutions were
made in 20 mM puosphate buffer yu 7.4. The gi'am eits
were spun in the Beckman-Spinco SW-40.1 rotor at
39,000 rpm for 1 hr..The pellet and the material
gathering at the 15—30% sucrose interface were col-
lected, diluted 4 times with phosphate buffer and
sedimented by centrifugation in the Beckman-Spinco
SW-40.1 rotor at 39,000 rpm for 1 hr. As shown later,
these two fractions (light and heavy) correspond to

the inner membrane + matrix and the outer mem-

brane fractions respectively.

The beef adrenal cortex microsomes were obtained
from the first mitochondrial supernatant. Mitochon-
dria still remaining or large fragments of mitochon-
dria were first eliminated by centrifugation at
12,000 X g for 20 min then the supernatant fluid was
centrifuged at 105,000 X g for 30 min in a Beckman-

non cant 1ioa rotar 20 a minracnmaol wallas
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was suspended in 0.27 M sucrose, 2 mM Tris-HCl,

pH 7.4. When microsomes were treated with 20 mM
Na phosphate in the same way as mitochondria and
spun on the same sucrose gradient they gave four frac-
tions: two minor ones, one sedimenting at the level

of the first interface (input, 15% sucrose) and another
at the bottom of the tube respectively, and two major
ones gathering at the second and third interfaces res-
pectively. We generally collected and re-spun the mem-
brane fraction gathering at the second interface (be-
tween 15 and 30% sucrose) where the outer mitochon-
drial membrane is also found.

The cytochrome oxidase was assayed spectropho—
tumcl.rica.uy' uy' lqu'v'vmg the oxidation of reduced Cy-
tochrome ¢ [10] at pH 7.2 and 25°. Monoamine oxi-
dase activity (MAO) was measured with [14C] tryp-

tamine as substrate according to the procedure of
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Wurtman and Axelrod ['1 as modified bv Qteuka and

iman and Axelirod L j

g
Kobayashi [12]. This assay offers the advantage of great
sensitivity and can be used whether or not aldehyde de-
hydrogenase is present. Malate dehydrogenase was de-
termined by the method of Ochoa [13]. Cytochrome
P-450 was determined by the method of Omura and
Sato [14]. To assay the 11-f-hydroxylase system, ad-

ranal mitachnandria (1 _2 ;o snratain) wara insunhatad
iviiqa 1ItvUviIvVIIUILIG \l. -~ 1115 PIULVIII} wvuliv un,uuauau

15 min at 25° in the following medium: 100 mM Tris-
HCl, pH 7.4, 2 mM NADP, 20 mM glucose-6-phosphate,
2.5 ul glucose-6-phosphate dehydrogenase, 0.4 mM
[14C] deoxycorticosterone (0.01 uCi). The final volume
was 1 ml. The steroids were extracted by 5 ml
methylene chloride. [14C] corticosterone was separated
uy thin 1a'yer Curomatograpuy 11.)] and counted in a
Nuclear Chicago scintillation counter. More than 90%
of the labeled product formed during incubation under
our test conditions was accounted for by corticosterone.
The lipids were extracted by a mixture of chloro-
form/methanol (2:1, v/v) according to Folch et al. [16]
and the lipid phosphorus determined after wet ashing

according to Bartlett [17]. The protein content was
measured by the biuret method [18].

Mitochondrial fractions were fixed with 1.5% gluta-

‘raldehyde in 0.1 M Na phosphate, pH 7.2 and then

with 2% osmium tetroxide in the same buffer. After

dehydratation by ethanol and propylene oxide speci-

mens were embedded in Epon 812. Thin sections were

stained with uranyl acetate and lead hydroxyde then

examined in the Siemens Elmiskop 1A microscope.
1tar mitnnhandrial moarmmhranag wara nagativaly

N
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stained according to Parsons et al. [6].

3. Results

Mitochondria obtained from beef adrenal cortex
showed under electron microscopic examination only
slight contamination by extramitochondrial particules.
They appear to be intact with an outer membrane well
preserved. They display a “condensed conformation”
[19] with a large vacuolar structure (fig. 1). It is note-
worthy that a transition from the condensed to the
“orthodox conformation” (tubulo-vesicular structure)
coiild be obtained b oy incubation of the condensed
mitochondria with phosphate and a respiratory sub-
strate (succinate) as observed in rat liver mitochondria

by Hackenbrock [19] (fig. 2).
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Fig. 1. Thin section of isolated mitochondria in sucrose 0.27 M, Fig. 2. Thin section of mitochondria incubated in sucrose 0.27
Tris 2 mM, pH 7.4. X 18,000. M, succinate S mM, phosphate 5 mM, pH 7.4. X 18,000.

Table 1
Characteristics of adrenal cortex subfractions.

Fraction Density Phospholipids**  Cyt. c***  Malate*** Tryptamine*** 11-g-*%* Cyt, ¥***
oxidase dehydrogenase oxidase (MAQ) Hydroxylase P-450
Mitochondria 1.14 426 2,200 7,380 0.096 4.0 1.02
Inner Memb. 1.16 461 3,270 10,400 0.102 4.4 1.31
+ Matrix
Quter Memb. 1.08 1,130 117 140 2.57 0.55 0.09
Microsomes - 645 316 - 0.080 0 0.39
Pj-Microsomes* - - 224 - 0.1¥4 - 0.42

* Microsomes treated with orthophosphate (15—30% sucrose band) (cf. Methods).
** Phospholipids in umoles phospholipid/mg protein.

*** Cytochrome ¢ oxidase in nmoles reduced cytochrome ¢ okidized/min/mg protein; malate dehydrogenase in nmoles NADH,
oxidized/min/mg protein; tryptamine oxidase in nmoles tryptamine oxidized/min/mg protein; 11-g-hydroxylase in nmoles
corticosterone produced/min/mg protein.

**** Cytochrome P-450 in nmoles/mg protein.
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As shown in table 1, the two membrane fractions
obtained from adrenal cortex mitochondria exhibit
significant differences bearing on phospholipid con-
tent, enzymatic activities and ability to carry out the
11-4-hydroxylation.

The lighter mitochondrial membrane fraction had
a high content of phospholipid, a low cytochrome
oxidase and malate NAD-dehydrogenase activities
and, in contrast, a high tryptamine oxidase activity.
The reverse distribution of these enzymic activities
was found in the heavier membrane fraction. Since
the cytochrome oxidase and the monoamine oxidase
have been shown to be marker enzymes of the inner
and the outer membrane respectively in rat [7 or
guinea pig liver mitochondria [6], it is inferred that
the lighter fraction obtained from adrenal cortex
mitochondria corresponds to the outer mitochondrial

Fig. 3. Negatively stained fraction of purified outer mitochon-

drial membrane. X 35,000.
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membrane while the heavier fraction corresponds to
the inner mitochondrial membrane.

These data were corroborated by examination un-
der the electron microscope of either negatively
stained preparations or of thin sections of these mem-
brane fractions. Quter membranes from adrenal cor-
tex mitochondria, negatively stained with phosphotung-
state, show the same “folded bag” appearance (fig. 3)
as that described by Parsons [6] in preparations of
outer membrane of guinea pig liver mitochondria. The
preparations of outer mitochendrial membrane are
slightly contamined by smooth endoplasmic reticulum
membranes recognizable by their typical tubular mor-
phology. Actually, it was observed that when the mi-
crosomal fraction from beef adrenal cortex was
treated with 20 mM Na phosphate, pH 7.4 and cen-
trifuged in the above mentioned sucrose gradient used
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Fig. 4. Thin section of inner mitochondrial membrane frac-
tion. The arrows point to fragments of outer membrane still
attached to the inner membrane. X 18,000.
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Fig. 5. Carbon monoxide difference spectra of beef adrenal

cortex mitochondria (0.3 mg protein/ml; trace A), inner mi-

tochondrial membrane (0.3 mg protein/ml; trace B), and

outer mitochondrial membrane (0.6 mg protein/ml; trace C).
Optical pathlength: 10 mm.

to isolate outer membrane, smooth microsomal mem-
branes gathered at the same interface as the outer
mitochondrial membranes, a result which has already
been reported for guinea pig [6] and rat liver [20].
The inner membrane + matrix fraction (fig. 4) con-
tains granulated material as it is found in similar frac-
tions obtained from guinea pig or rat liver mitochon-
dria [6], and some vesicles. Some fragments of outer
membrane are still attached to the inner membrane
but they cannot fully account for the tryptamine
oxidase activity of the inner membrane fraction be-
cause the majority of inner membrane vesicles shows
only one limiting membrane.

Cytochrome P-450 (fig. 5) and the deoxycorti-
costerone 11-f-hydroxylase (table 1) are selectively
localized in the inner membrane fraction. The peak
observed at 416 nm in the outer membrane fraction
is likely to be due to adsorbed hemoglobin.

In summary, data presented in this paper show
that the outer and inner membranes from adrenal cor-
tex mitochondria can be separated in a sucrose density

FEBS LETTERS

October 1969

gradient and differentiated on the basis of their mor-
phology and of their enzyme distribution pattern. 1t
is also shown that the enzymatic system concerned
with the 11-B-hydroxylation is strictly confined to the
inner membrane (+ matrix) fraction. The absence of
steroid hydroxylase and cytochrome P-450 from the
outer membrane is a significant difference between
the outer mitochondrial membrane and the endo-
plasmic reticulum in beef adrenal cortex.
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