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Outer mitochondrial membranes from rat liver undergo a structural lysis when
incubated in the presence of 1 mM ascorbate. The fragments produced can be separ­
ated by differential centrifugation. Three fractions were obtained, one sedimenting at
22,000 X g, another at 100,000 X g and a supernatant from this last centrifugation. The
lipid composition and the distribution of enzyme markers monoamine oxidase and
rotenone-insensitive NADH-cyt. c reductase in these three fractions has been studied.
The supernatant fraction was composed of solubilized proteins accompanied by some
altered phospholipids and negligible amounts of cholesterol. The other two fractions
were rather similar in distribution of enzymes and lipid composition. An interpretation
of the results presented indicate that the outer mitocondrial membrane is rather homo­
geneous in what refers to distribution of their lipid and protein components, contrary
to what has been established for the inner membrane.

Several authors have studied the effect
of ascorbate on mitochondria. Ottolenghi
(11) has shown that formation of lipid per­
oxides generated from unsaturated fatty
acids. Hunter et al. (5) have reported that
mitochondria incubated in the presence of
ascorbate undergo a process of lysis con­
comitant with the formation of peroxides.
They suggested that the peroxidation reac­
tions would lead to alterations of the mem­
brane phospholipids causing a desintegra-
tion of the membrane, due probably to 

the peroxidation of polyunsaturated fatty
acids.

In previous work from our laboratory
(6, 13) it has been found that during the
incubation of either isolated inner or outer
mitochondrial membranes in the presence
of ascorbate some phospholipids are de­
graded, precisely those with polyunsatur­
ated fatty acids present in their molecules.
This has permitted to establish the pre­
sence of different molecular species of
phospholipids with regard to the nature
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of their fatty acid constituents. The frag­
ments obtained by the lytic action of as­
corbate on isolated inner membranes were
different in morphology, chemical compo­
sition and in distribution of enzyme acti­
vities, being this an indication of a hetero­
geneous distribution both of lipids and
proteins (7, 14).

It seemed interesting to use the same
approach to study the isolated outer mito­
chondrial membrane with the purpose of
determining whether the distribution of
its different components is also heteroge­
neous. The results here reported point out
that, contrary to what happens with the
inner membrane, the outer mitochondrial
membrane is rather homogeneous with re­
gard to the distribution of phospholipids,
degrees of unsaturation, and of the enzyme
markers rotenone insensitive NADH-cyt. c
reductase and monoamine oxidase.

Materials and Methods

Male Wistar rats weighing approximate­
ly 200 g were used in all the experiments.
After decapitation of the animals, livers
were rapidly removed and mitochondria
isolated according to the method of Hoge-
boom (4). The microsomal fraction was ob­
tained by centrifuging at 100,000 X g dur­
ing 1 hour the supernatant resulting from
the homogenate after removing the mito­
chondria. Outer mitochondrial membranes
were prepared as described by Parsons
et al. (12). Inner membranes were obtained
bye the method of Parsons et al. (8) with
the modifications described (14).

Incubation of the membranes was car­
ried out in a medium containing 1 mM
ascorbate, 20 mM Tris-HCl buffer, pH 7.4,
and 0.25 M sucrose, at 30° C. Simulta­
neously, membranes were incubated as
controls in a similar medium without as­
corbate. Incubation times were 60 minutes
or 120 minutes.

The membrane fragments produced dur­
ing the incubation were separated by dif­

ferential centrifugation. The suspensions
were centrifuged at 22,000 X g during 10
minutes and a first fraction was obtained,
which will be referred to as F,C (control)
and F,A (with ascorbate). The resulting
supernatants were centrifuged at 100,000
X g during 60 minutes and sediments
F2C (control) and F2A (with ascorbate)
were obtained. Supernatants of this second
centrifugation will be referred to as frac­
tions F.,C (control) and FnA (with ascor­
bate).

Proteins were determined by the method
of Lowry et al. (8). Lipid phosphorus was
determined by the method of Bartlett
(1). Phospholipids were extracted as pre­
viously described (15) and separated by
thin layer chromatography (10). Methyl
esters of fatty acids in the total lipid ex­
tract and in the individual phospholipids
were prepared by direct methylation fol­
lowing the procedure of Morrison and
Smith (9), and analyzed by gas chromato­
graphy as previously described (6). Meth­
yl esters of fatty acids present in the
lipids which remained bound to protein
after the usual extraction procedure were
prepared as previously described (6). En­
zymes monoamine oxidase and rotenone­
insensitive NADH cytochrome c reductase
were used as markers of the outer mito­
chondrial membranes and determined by
the methods of Weisbach (7) and Hatefi
and Rieske (3) respectively. Glucose-6-
phosphatase was used as marker of the
microsomal fraction and determined ac­
cording to Swanson (17). As marker of
the inner mitochondrial membrane cyto­
chrome oxidase was used and determined
by the methods of Sottocasa et al. (16).

Since ascorbate would interfere with the
measurement of the enzyme activity of ro­
tenone insensitive NADH cytchrome c re­
ductase it was necessary to oxidize pre­
viously the ascorbate present in the suspen­
sion with the enzyme ascorbate oxidase (7).
Cholesterol was determined following the
method of Carr and Drekter (2). Mem­
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branes were examined by electron micro­
scopy using negative staining techniques
as already described (14).

Results

Specific enzyme activities of the outer
membrane preparations are shown in Ta­
ble I. It can be observed that they had
only a very slight contamination of mi­
crosomes and inner mitochondrial mem­
branes.

After the incubation with ascorbate, the
outer membranes were examined by elec­
tron microscopy. The structure was rather
preserved, although the membranes pres­
ented small erosions on the surface exhi­

biting a moth-eaten aspect. Some granular
material was also observed. The examin­
ation of the fractions obtained by differen­
tial centrifugations showed that the disag­
gregation was greated going from fraction
FjC to F3C; the only difference consisting
in the size of the fragments. Fractions F,A
and F,A showed the structure of outer
membrane fragments, with eroded sur­
faces. Fraction F3A was made up of gra­
nular metarial more or less aggregated.

Table II shows the ratios of /zg of lipid
P/mg protein, /zg of P bound to protein/mg
protein and /zg of cholesterol/mg protein
of the suspension of outer mitochondrial
membranes incubated in the presence of
ascorbate. In the presence of ascorbate a

Table I. Enzyme activities of different subcellular fractions.
(See text for experimental details.)

Glucose-6-
phosphatase Cytochrome oxidase Monoamine oxidase

Rotenone insensitive
NADH-cyt. c red.

Fraction
(m/zmoles Pi/mln/mg

protein)
(zimoles cyt. c

■ oxidized/min/mg
protein)

(mumol Kynurenine
oxidlzed/mg
protein/min)

(mumol cyt. c
reduced/min/mg

protein)

Microsomes 150 —— — ——

Mitochondria 10 210 20 100
Inner membranes n. d. 305 n. d. n. d.
Outer membranes 14 30 100 560

n. d.: Not detected.

Table II. Phospholipid and cholesterol con­
tent and P bound to protein in outer mito­

chondrial membranes.
(See text for experimental details.)

/zg P iipid/mg
protein

zzg P bound to
proteln/mg

ug cho­
leste­
rol/mg
oroteln

60 mln 120 min SO min 120 min 120 min

Incubated
outer
membranes

Outer
membranes
incubated

20 20 4 4 33.5

' ■
with
ascorbate

14.5 13 9.5 11 33.5

decrease in extractable lipid P took place,
which corresponded to an increase in P
bound to protein.

Table III shows the percent distribution
of the proteins in the fractions obtained by
differential centrifugation after 60 and 120
minutes of incubation, as well as their ra­
tios of /zg of lipid P/mg protein and /zg of
cholesterol/mg protein, and the percent dis­
tribution of P bound to protein.

It can be seen that the desintegration of
the membranes increases with the incu­
bation time and with the presence of as­
corbate. Up to 23 % of the proteins were
found in fraction F;1A and only 8 %
for the corresponding control membranes.
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Table III. Phospholipid and cholesterol content and P bound to protein in subfractions of
outer mitochondrial membranes.

Subfractions were obtained by differential centrifugation, after incubating outer mitochondrial
membranes as controls (F,C, F=C, F3C) or in the presence of 1 mM ascorbate (FA. FA, FA).
FiC, FA, sediments after 22,000Xg, 10 min; F2C, F2A, sediments after 100,000Xg, 60 min;
F3C, F3A, supernatants of the last centrifugation. (See text for other experimental details.)

* No lipid P was detected In this fraction.

Fraction
Protein (%) ng P llpid/mg protein P bound to protein

(%)
ng cholesterol/mg

protein

60 mln 120 min 60 mln 120 min 120 min 120 mln

F,C 71 64 20.5 20.5 55 33.3
f2c 20 28 20 19 35 33.5
f3c 8 8 • • 10 12
FA 60 40 18 14.5 47 35.5
FA 22 37 14.3 12 33 39
FA 18 23 4 9 20 14

fraction F3C, after two hours of incuba­
tion.

Lipid P/protein ratio was similar in frac­
tions F,C and F2C obtained from the in­
cubated controls. In fraction F3C no lipid
P could be found. In fractions FjA, F2A
and F3A obtained from the membranes
incubated with ascorbate the values of this
ratio were much lower, and corresponding
the lowest value to the supernatant F3A.

The percent distribution of P bound to
protein was rather parallel to the protein
distribution in each fraction. The phos-

Table IV. Percent distribution of phospholi­
pids in different subfractions of the outer

mitochondrial membrane.
See text for experimental details.

Abbreviations: See Table III.

I F,C F,C F,A I F.A

Phosphatidylserine +
sphingomyeline 3.1 3 * *

Phosphatidylinositol 14 16.5 * *
Phosphatidylcholine 40 40.5 27.5 29
Phosphatidylethanol- 29 27 15 13

amine
Cardiolipin 14.3 11 i 11 8

• Real values of P lipid In these phospholipids after
Incubation with ascorbate were not obtained because of
the interference of P present in degraded phospholipids.

pholipid composition of fractions FjC,
F2C, corresponding to the controls, and
of fractions F,A and F,A obtained from
the membranes incubated with ascorbate
is given in Table IV.

It can be seen that only minor differ­
ences were found between fractions F]C
and F,C. In fractions FqA and F,A an ap­
preciable decrease in phosphatidylcholine,
phosphatidylethanolamine, and cardiolipin,
was found; but the differences F,A and
F,A were also very small.

The distribution of fatty acids present
in the total lipid extracts prepared from
each fraction, as well as that of the fatty
acids which remained bound to the pro­
teins, after being subjected to the lipid
extraction procedure, are given in Table V.

The ratios of the areas of the chromato­
graphic peak of each fatty acid per mg of
protein were lower for fractions sediment­
ing at 100,000 X g (FoC and F,A) than for
those sedimenting at 22,000 X g (F;C and
FXA). It can be also observed that there
was a decrease in the values of these ra­
tios in the fractions obtained from the
membranes incubated with ascorbate (F)A
and F2A) when compared to those of the
corresponding controls (FjC and F2C).
This decrease was more marked for the
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Table V. Distribution of fatty acids in the lipid extract and P bound to protein In sub­
tractions of outer mitochondrial membranes.

See text for experimental details. Abbreviations: See Table III.

Fatty
acids

Fatty acids In lipid extract
(area/mg protein)

Fatty acids bound to protein
(area/mg protein)

F.C F.C F.A F,A F..C F:C F.A F.A

16 : 0 2500 2250 1800 1287 130 110 690 600
18 : 0 2000 1620 1400 940 97 90 470 400
18 : 1 860 686 540 286 47 40 200 170
18 : 2 600 510 490 215 19 10 30 30
20 : 4 1600 1260 800 386 20 — 20 10

unsaturated fatty acids. It can be seen that
a high proportion of palmitic, stearic and
oleic acids which had disappeared in the
lipid extract of the fractions obtained from
the membranes incubated with ascorbate
were recovered as bound to proteins. How­
ever, polyunsaturated fatty acids, lino­
leic and arachidonic acids were not reco­
vered.

Table VI. Monoamine oxidase and rotenone
— insensitive NADH— cyt. c reductase acti­
vities in outer mitochondrial membranes and
in subtractions obtained by ascorbate induced

lysis.
See text for experimental details.

Abbreviations: See Table III.

n. d.: Not detected.

Fraction

Monoamine
oxidase

Rotenone insen­
sitive NADH-

cyt. c red.

(m.umol
Kynurenine
oxidlze/mg

proteln/mln)

(nwnol cyt. c
reduced/mg
protein/mln)

Incubated outer
membrane

Incubated outer

94 530

membrane with
ascorbate 80 290

F.C 94 520
f2c 94 520
F3C n. d. n. d.
F.A 92 300
F3A 96 290
FA n. d. 80

Table VI shows the rotenone-insensitive
NADH-cyt. c reductase and monoamine
oxidase activities both in the total suspen­
sions of outer membranes and in their dif­
ferent fractions. The rotenone-insensitive
NADH-cyt. c reductase became partly
inactivated during the incubation with as­
corbate, whereas monoamine oxidase was
practically unaffected. The distribution of
the enzyme activity of monoamine oxidase
was very similar in fractions F|C and F,C
and in the total suspension of the incu­
bated controls. Their values were also
quite close for the corresponding fractions
of the membranes incubated with ascor­
bate. The rotenone insensitive NADH-cyt.
c reductase was also uniformly distributed
in fractions FjC, F2C, F,A and Fr_A.

Discussion

The study of the different fragments ob­
tained by differential centrifugation of
outer mitochondrial membranes incubated
in the presence of ascorbate seems to indi­
cate that the structural disaggregation is
due partly to the fact of the incubation at
30° C, since some disaggregation took also
place in the incubated controls, and mainly
to the peroxidation reactions on the poly­
unsaturated fatty acids of the phospho­
lipids. However, the lytic effect of ascor­
bate on the outer membrane is more limit­
ed than on the inner membrane (4) due to
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a much smaller proportion of polyunsa­
turated fatty acids in the phospholipids of
the outer membrane.

On the basis of a homogeneous distri­
bution of lipids and proteins in the outer
membrane it is easily understood that after
60 minutes of incubation predominated the
larger fragments, i.e. those sedimenting at
22,000 X g (fractions FjC and F,A) (Ta­
ble III). The decrease in the ratio of /zg
lipid P/mg protein was very small in frac­
tion FjA with respect to the value in the
total incubated control. This decrease was
slightly higher for fraction F2A. After 120
minutes the only changes in protein dis­
tribution consisted in an increase in frac­
tion F2A at the expense of fraction F,A,
whereas fraction F3A remained practically
the same at 60 and 120 minutes. This could
be interpreted as a further alteration of the
lipids present in the larger fragments,
which is reflected in the values of the ra­
tios of lipid P/proteins in fractions F,A
and F,A after 120 minutes of incubation.
The lipid P, as well as the palmitic, stearic
and oleic acids which disappeared in the
lipid extracts prepared from these two lat­
ter fractions were recovered bound to the
extracted proteins (Tables III and V). The
fact that this lipid P and fatty acids reco­
vered in the proteins are uniformity distri­
buted in fractions FjA and F,A can be
taken as an indication that the different
molecular species of the phospholipids ac­
cording to the degree of unsaturation of
their fatty acids are homogeneously dis­
tributed in the outer membrane. Fraction
F3A would be constituted by proteins re­
leased from the membrane, together with
some altered phospholipids and carrying
only a very small proportion of cholesterol,
and therefore the ratio of y.g cholesterol
per m? protein would increase in fractions
F,A and F,A.

The inactivation of the rotenone insen­
sitive NADH-cyt. c reductase can be in­
terpreted as a consequence of the altera­
tion of its accompanying phospholipids.

The remaining activity of this enzyme and
that of the monoamine oxidase were uni­
formly distributed between fractions F,A
and F,A.

This homogeneity of the outer mito­
chondrial membrane would not necessarily
imply that each enzyme protein would not
be specifically associated with certain phos­
pholipids.

Resumen

Las membranas externas mitocondriales ais-
ladas del hfgado de rata sufren una desagrega-
ci6n estructural cuando se incuban en presencia
de ascorbato 1 mM. Los fragmentos producidos
pueden ser separados por centrifugaci6n dife-
rencial. Se obtuvieron tres fracciones; una que
sedimenta a 22.000 X g; otra a 100.000 X g, y
una tercera constituida por el sobrenadante de
esta Ultima centrifugacidn. Se ha estudiado la
composicidn liptdica y la distribucidn de los
enzimas marcadores monoamina oxidasa y
NADH-citocromo c reductasa insensible a la
rotenona en cada una de estas fracciones. La
fracci6n sobrenadante estS. compuesta por las
protefnas solubilizadas acompanadas por algu-
nos fosfolipidos alterados y una pequena can-
tidad de colesterol. Las otras dos fracciones
resultaron ser muy similares en la distribuci6n
de enzimas y composicidn lipfdica. La interpre-
taci6n de los resultados presentados indica que
la membrana externa mitocondrial es muy ho-
mogfinea en lo que se refiere a la distribucidn
de sus lipidos y protefnas en contraste con Io
que se ha establecido para la membrana interna.
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