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Isolated outer mitochondrial membranes from rat liver undergo alterations in their
lipid composition when they are incubated in the presence of 1 mM ascorbate. Polyun­
saturated fatty acids which form part of the phospholipids are altered through per­
oxidation reactions; through the altered fatty acids stable bonds are established between
proteins and lipids, leading to a decrease in phospholipids in the total lipid extract.
Saturated and monounsaturated fatty acids which accompany polyunsaturated fatty
acids in the different phospholipids can be recovered in the protein precipitate after
having removed all the extractable lipids. A consideration of the losses of the fatty
acids in the different phospholipids and their reovery in the protein fractions has allowed
to reach some conclusions with respect to the existence of certain specific associations
of fatty acids within each type of phospolipid. The data presented indicate the existence
of two types’ of phospholipids in the outer membrane regarding the nature of their
fatty acid constituents. A group of molecules would contain both a saturated and an
unsaturated fatty acid, whereas another group would contain only saturated fatty acids.
With the only exception of phosphatidylinositol, all the phospholipids contain palmitic
acid in a much higher proportion than stearic acid.

Phospholipid composition of mitochon­
drial membranes has been studied in sev­
eral laboratories (3, 7, 9, 14). Differences
between outer and inner membranes have
been observed regarding the distribution
of phospholipids; cardiolipin for instance
is more abundant in the inner membrane,
whereas phosphatidylinositol is found pref-
erently in the outer membrane. The de­

gree of unsaturation of the fatty acids
present in their phospholipids is also dif­
ferent; polyunsaturated fatty acids are
present in a much higher proportion in
phospholipids of the inner membrane.
However, no information was still avail­
able with regard to specific associations
of the different fatty acids within each
type of phospholipid.
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Tn solving this problem it has proved
useful to study the alterations which take
place on the phospholipids of mitochon­
drial membranes, when they are incubated
in the presence of ascorbate. Polyunsatu­
rated fatty acids which form part of the
phospholipids undergo peroxidation reac­
tions; through the altered fatty acids bonds
are established between proteins and lip­
ids, rendering the later unextractable with
the usual organic solvents. Saturated and
monounsaturated fatty acids which were
accompanying polyunsatured fatty acids
in the different phospholipids can be recov­
ered in the protein precipitate after hav­
ing removed all the extractable lipids.
A consideration of the losses of the fatty
acids in the total lipid extract and the re­
coveries in the protein fraction has allowed
to reach some conclusions with respect to
the existence of certain specific associa­
tions of fatty acids in each type of phos­
pholipid.

The phospholipid alterations lead ulti­
mately to a structural disaggregation of the
outer mitochondrial membrane. Howev­
er this is not as profund as that described
for the isolated inner mitochondrial mem­
brane (12).

Materials and Methods

Male Wistar rats weighing approxi­
mately 200 g were used in hall the experi­
ments. Rats were decapitated and livers
rapidly removed. Mitochondria were pre­
pared according to the method of Hoge-
boom (2). Outer mitochondrial membranes
were prepared as described by Parsons
et al. (10). Incubations of outer mitochon­
drial membranes were carried out in a me­
dium. 1 mM ascorbate, 0.02 M Tris-HCl
buffer, pH 7.4 and 0.25 M sucrose, at
30° C during two hours. Controls without
ascorbate were incubated simultaneously.
The amount of outer membranes present
in the medium was adjusted to give a fi­
nal concentration of 1.2 mg protein''ml.

The lysis of the membranes was followed
by determining the optical density changes
at 520 nm, using 1 cm cuvettes in a
Zeiss PMQ II spectrophotometer.

Proteins were determined by the method
of Lowry et al. (4).

Lipids were extracted from the sediment
obtained after precipitating the proteins
with the addition of enough 70 % HCIO.t
to give a final concentration of 0.3 N. as
previously described (11). Phospholipids
were separated by thin layer chromato­
graphy according to the technique of
Neskovic et al . (6). Lipid P was deter­
mined by the method of Bartlett (1).

Methylesters of the fatty acids present
in each phospholipid were prepared by
direct transmethylation as described by
Morrison and Smith (5), and analyzed
in a Beckman Gas Chromatograph, Mo­
del GC4, fitted with two 6 ft columns,
1/8 inch in diameter; solid phase was
chromosorb W, particle size 42/60 /z, and
liquid phase 20 % DEGS; hydrogen and
air flow were respectively 50 cc/min.
and 250 cc/min.; column temperature
160° C and that of the detectors, 280° C.

Methylation of fatty acids still bound
to proteins after lipid extraction was car­
ried out as follows: 6 ml of 96 % etha­
nol and 0.4 ml of 50 % NaOH were add­
ed to the protein precipitate amountig
up to 20 mg, and heated in a water bath
during 30 minutes, checking that the me­
dium remained alkaline. The hydrolyzate
was acidified with HC1 and the fatty acids
extracted with 3 ml of petroleum ether,
and methyl esters prepared as described
above.

Results

Optical density changes of the suspen­
sion of the outer membranes during the
incubation are shown in Figure 1. These
changes w'ere very limited.

Figure 2 shows the changes in total lipid
P extractable by the usual procedure dur­
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ing the incubation with ascorbate at 5 min­
ute intervals. It can be seen that there is
a gradual decrease along the incubation
time. The amount of lipid P disappearing
in the lipid extract could be accounted for
as P strongly bound to the extracted pro­
teins.

Fig. 1. Effect of ascorbate on optical densi­
ty changes at 520 nm of a suspension of,

outer mitochondrial membranes.
Incubation were carried out as described in

the text.

Fig. 2. Effect of ascorbate on total lipid P
and P bound to proteins of outer mitochon­

drial membranes.
Incubations were carried out as described in

the text.

Table I. Phospholipid changes In outer mi­
tochondrial membranes Incubated In the pre­

sence of ascorbate.
See text for experimental details. The results

are expresed as pg of lipid/mg of protein.

• This apparent Increase Is due to the Interference In
the determination of some degradation products of phos­
pholipids.

Incubated
control

+ As­
corbate

Total lipid P 20 13
P bound to proteins 4 11
Phosphatydislserlne + 0.3 1.2 *

sphingomyeline
Phosphatidylinositol 3.4 4 *
Phosphatidycholine 8 4
Phosphatidylethanolamine 6.3 3.1
Cardiolipin 2 0.7

The changes in total lipid P at the end
of the 2 hour incubation are shown in
Table I. The decrease in total lipid P
corresponds to a loss in phosphatidylcho­
line, phosphatidylethanolamine and car­
diolipin. It is possible that this decrease
had affected also to other phospholipids.
However, a small fraction of degradation
products of the phospholipids streak in
the chromatographic system used, covering
the spots corresponding to phosphatidyl­
serine, phosphatidylinositol and sphingo­
myelin, interfering in the determination of
these phospholipids.

The alterations of the phospholipid mol-

Table II. Effect of ascorbate on outer mito­
chondrial membranes of fatty acids changes

in total phospholipids.
See text for experimental details.

Fatty acids
Percent disappearance
of fatty acids in total

lipid extract
% recovery

in precip. prot.

16 : 0 36 77
18 : 0 32 71
18 : 1 35 70
18 : 2 53 23
20 : 4 65 I 10
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Table III. Effect of ascorbate on the outer mitochondrial membrane. Disappearance of
fatty acids in the different phospholipids.

Incubated control
(Percent distribution)

+ Ascorbate
(Percent disappearance)

Fatty acids Fatty acids

16:0 18:0 18:1 18:2 20:4 16:0 18:0 18:1 18:2 20:4

Total lipid extract 32 26 8 16 18 36 32 35 53 62
Phosphatidylethanolamine 39 28 9 8 16 38 36 32 61 85
Phosphatidylcholine 48 17 7 11 17 37 35 32 62 84
Phosphatidylinositol 10 43 9 7 31 X * X * X * X * X *
Cardiolipin 39 12 16 29 4 42 41 31 61 86
Phosphatidylserine +

sphingomyeline 41 29 11 5 14 x * X * x * x * x *

* Real values of fatty acids In these phospholipids after incubation with ascorbate were not obtained
because of the interference of fatty acids present in degraded phospholipids.

ecules through the action of ascorbate are
reflected in a marked disappearance of
fatty acids in the total lipid extract. The
fatty acids mainly affected were arachidon­
ic and linoleic acids (Table II). Although
other fatty acids did also decrease in the
lipid extract they were recovered in the
precipitated proteins.

The changes of fatty acid composition
in each phospholipid was also studied af­
ter chromatographic separation. Table III
shows the distribution of the different fat­
ty acids in each phospholipid present in
the incubated controls, as well as the per­
cent disappearance of each fatty acid in
the different phospholipids at the end
of the incubation in the presence of 1 mM
ascorbate.

Discussion

Upon incubation of isolated outer mito­
chondrial membranes in the presences of
1 mM ascorbate a lysis in produced, which
is made manifest by a slow decrease in op­
tical density along the incubation time.
This process is very likely due to altera­
tions of the phospholipids — mainly phos­
phatidylcholine, phosphatidylethanolamine
and cardiolipin — leading to a decrease 

in lipid P, which in turn remains bound
to proteins and cannot be extracted by the
usual organic solvents mixtures. These
bonds are probably established through
the altered polyunsaturated fatty acids
present in the phospholipids.

Tappel (15) has studied the formation
of copolymers of proteins and lipids after
the induction of peroxide reactions on
unsaturated fatty acids catalyzed by he­
matin compounds. Ottolenghi (8) has
shown that incubation of mitochondria in
a medium containing ascorbate leads to
the formation of peroxides.

Santiago et al. (5) have observed that
the effect of ascorbate on the outer mito­
chondrial membranes and on its phospho­
lipids is much more limited than that on
the inner membranes, in spite of the fact
that outer membranes have a much higher
content in lipid. These discrepancies could
be explained if the arrangement of the
phospholipids and other components were
different in both membranes and also if
the degree of unsaturation and of the as­
sociations of the different fatty acids in
the phospholipids varied from one mem­
brane to the other.

A striking difference between both mi­
tochondrial membranes refers to the values 
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of the ration of palmitic to stearic acid in
each phospholipid. Table III shows that,
with the only exception of phosphatidyl­
inositol, in all the phospholipids of the
outer membrane palmitic acid is found in
a much higher proportion than stearic
acid. In the case of inner membranes stear­
ic acid is present in a slightly higher pro­
portion than palmitic acid in all the phos­
pholipids with the exception of phospha­
tidylcholine (13).

In phosphatidylethanolamine of the ou­
ter membrane the fatty acids are predomi­
nantly saturated; the losses of fatty acids
during the incubation corresponded mainly
to arachidonic acid, wich is precisely the
polyunsaturated fatty acid found in a
higher proportion. The total amount of
saturated fatty acids which disappeared in
this phospholipid is approximately equal
to the losses in arachidonic and linoleic
acid. This would indicate that most of the
polyunsaturated fatty acids would accom­
pany saturated fatty acids in this phos­
pholipid. Saturated fatty acids excesively
would be found in most of the phospha­
tidylethanolamine molecules.

In phosphatidylcholine a similar situa­
tion was found, with the only difference
that a slight higher proportion of linoleic
acid was present in its molecules.

Phosphatidylinositol is very rich in ara­
chidonic acid which is destroyed by the
action of ascorbate; the interference in the
separation of this phospholipid with rests
of altered phospholipids, which streak in
the chromatographic system used, masks
its possible alterations.

In phosphatidylserine and in sphingo­
myelin saturated fatty acids are predom­
inant.

Cardiolipins of the outer membrane con­
tain linoleic and oleic acids in higher pro­
portions than in the other phospholipids.
The losses of polyunsaturated fatty acids
are comparable to those of unsaturated
fatty acids in the total lipid extract. There­
fore, this would exclude the existence of 

cardiolipins in the outer membrane with
only polyunsaturated fatty acids, at dif­
ference with the cardiolipins present in the
inner membrane (13).

The fact that higher amounts of palmit­
ic than stearic acid disappear in each
phospholipid after the incubation with as­
corbate would indicate that palmitic acid
would be found more frequently associat­
ed with polyunsaturated fatty acids.

The data here presented seem to indi­
cate the existence of two types of phospho­
lipids in the outer membrane, regarding
the nature of their fatty acid constituents.
A group of molecules would contain pairs
of both a saturated and an unsaturated
fatty acid; another group would contain
only saturated fatty acids, since they are
present in a much higher proportion.

In inner membranes, however, the exist­
ence of three types of phospholipids has
been suggested according to the nature
of the fatty acids present in their mol­
ecules (13).

Resumen

Membranas externas mitocondriales obtenidas
a partir de higado de rata sufren alteraciones
en su composition lipidica cuando se incuban
en presencia de ascorbato 1 mM. Los dcidos
grasos poliinsaturados se alteran a traves de
reacciones de peroxidation; a traves de los &ci-
dos grasos alterados se establecen enlaces bas-
tante estables entre lipidos y proteinas, con Io
que se produce un descenso de los fosfolipidos
en el extracto lipidico total. Los ticidos grasos
saturados y monoinsaturados en los diferentes
fosfolipidos que acompanan a los ticidos grasos
poliinsaturados se rccuperan en la fraccidn de
proteinas precipitadas despuds de haber extraido
los lipidos con disolventes orginicos. El estudio
de las pdrdidas de los ficidos grasos en los dis-
tintos fosfolipidos y de su recuperation en la
fraccidn proteica ha permitido Hegar a conclu-
siones con respecto a la existencia de ciertas
asociaciones especificas de dcidos grasos dentro
de cada tipo de fosfolipido. Los datos aporta-
dos en este trabajo apoyan la existencia de dos
tipos de fosfolipidos en la membrana externa
mitocondrial en lo que se refiere a la naturaleza
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de sus acidos grasos. Un grupo de moldculas 5.
contendria tanto un icido graso saturado como
insaturado. mientras quo otro contendria exclu- 6.
sivamentc acidos grasos saturados. Adem£is, con
la sola exception del fosfatidil inositol, todos q
los fosfolipidos contienen una proportion con-
siderablementc mayor de Hcido palmitico que
de estea rico. g

ACKNOWLEDGEMENTS 9-
The expert technical asistance of Mrs. Mer­

cedes Preciado and Mr. Jos6 Joaquin Gonzalez
is gratefully acknowledged. N. L.-M. and P. P.
were recipients of scholarships from The Spa­
nish Ministry of Education and Science. H*

References I2-

1. Bartlett, G. R.: /. Biol. Chem., 234, 466,
1959. 13.

2. Hogeboom, G. H.: In «Methods in Enzy-
mology» (S. I. Colowick and N. O. Ka­
plan, eds.), vol. I. Academic Press, New 14.
York, 1955, pp. 16.

3. Huet, C., Levy, M. and Pascaud, M.:
Biochim. Biophys. Acta, 150, 524, 1968. 15.

4. Lowry, O. H., Rosenbrough, H. J., Farr,
A. L. and Randall, R. L: J. Biol. Chem., 16.
193, 265, 1951.

Morrison, W. R. and Smith, L. M.: J.
Lipid Res., 6, 600, 1964.
Neskovic, N. M. and Kostic, D. M.: J.
Chroniatog., 35, 297, 1968.
Newman, H. A. I., Gordesky, S. E., Hop-
pel, C. and Cooper, C.: Biochem. J., 107,
381, 1968.
Ottolenghi, A.: Arch. Biochem. Biophys.,
79, 355, 1959.
Parkes, J. G. and Thompson, W.: Bio­
chim. Biophys. Acta, 196, 162, 1970.
Parsons, D. F., Williams, G. R. and
Chance, B.: Ann. N. Y. Acad. Sci., 137,
643, 1966.
Santiago, E., Mul£, S., Redman, M., Ho-
kin, M. R. and Hokin, L. E.: Biochim.
Biophys. Acta, 84, 550, 1964.
Santiago, E., VAzquez, J. J., Guerra, F.
and Macarulla, J. M.: Rev. esp. Fisiol.,
24, 31, 1968.
Santiago, E., Perez, P., LApez-Morata-
lla, N. and Eugui, J.: Manuscript in
preparation.
Stoffel, W. and Schiefer, H. G.: Zeit-
schinft fur Physiologische Chemie, 234,
1017, 1968.
Tappel, A. L.: Arch. Biochem. Biophys.,
54, 266, 1955.
Thiele, E. H. and Huff, J. N.: Arch.
Biochem. Biophys., 88, 203, 1960.


