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The aminoacid composition of protein stained bands in polyacrylamide gels, after
electrophoresis of proteins from inner mitochondrial membranes, was investigated
hydrolyzing directly the gel slices. The Hydrophobicity Index of 18 prominent poly­
peptide bands was calculated after their aminoacid analysis. The polypeptides less
related to the membrane have low hydrophobicity as inferred from their Hydropho­
bicity Indexes.

Inner mitochondrial membranes in­
volve a great variety of peripheral and in­
tegral proteins. The study of each indiv­
idual protein presents some difficults be­
cause of the problems of separating the
strongly linked integral proteins. Howev­
er, the polyacrylamide gel electrophore­
sis technique allows a good resolution of
a considerable number of polypeptide
fractions. It is also possible to carry out
direct hydrolysis of the stained proteins
in the gel using the procedure described
by Houston (4). This technique has been
used to study the aminoacid composition
of eighteen polypeptide fractions which 

* Present address: Department of Bioche­
mistry, University of Oxford, Oxford (U.K.).

♦♦ Present address: Departamento de Bio­
quimica, Universidad de Bilbao, Bilbao (Spain).

appear particularly abundant in mito­
chondrial inner membranes.

The aminoacid composition of a given
protein may have a strong relation to the
more or less polar character of the pro­
tein and therefore to its localization with
respect to membranes. The integral or
peripheral character of a protein may ac­
tually be related to its aminoacid compo­
sition. In that sense the «Hydrophobicity
Index» (H.l.) of these polypeptide frac­
tions from inner membranes, was calcula­
ted as already described (2).

Materials and Methods

Male Wister rats weighing approximate­
ly 200 g were used. Liver mitochondria
were prepared according to the method
of Hix;h«xn (3). Inner mitochondrial
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membranes were prepared by the method
of Parsons et al. (5) with the modifica­
tions already described (6). These inner
membranes were contaminated with ma­
trix. In order to separate the protein re­
lated to membranes from the unrelated
ones, a procedure of osmotic lysis fol­
lowed by freezing and thawing was used.
Membranes, containing matrix, were lysed
by osmotic shock in 0.05 M Tris-HCl,
0.01 M MgCl, (pH 7-4), for 12 hours at
0-4°, following by two freeze-thawing
steps. Membranes were sedimented by
centrifugation at 150,000 X g for 90 min.

Sodium dodecylsulphate polyacrylamide
gel electrophoresis was performed ac­
cording to Fairbanks et al. (1). 150 /zg
of protein were layered on each 80X5 mm
gel. The gels were fixed and stained for
protein with Coomassie brilliant blue, also
according to the method of Fairbanks
et al. (1).

For aminoacid analysis of the proteins
from the inner membranes, containing
matrix, prepared as already described (6),
40 slices of each gel band were used. The
slices were hydrolyzed with 6N HC1 in
vacuum-sealed glass ampoules, at 115°
for 22 hours; 2-mercaptoethanol was ad­
ded to each ampoule to give a final con­
centration of 2 %. Concentrated NaOH
solution was added to the hydrolyzate
until pH 12, in order to liberate the am­
monia formed in the hydrolysis of poly­
acrylamide. The samples were brought
to a final volume of 1.5 ml with the same
acetate buffer, pH 4.10, to be used later
in the chromatographic analysis. This
was performed in a Hitachi KLA-5 ami­
noacid autoanalyzer.

Tzagoloff et al. (7) have reported the
loss of several aminoacids when using
this procedure. In order to establish the
extent of these losses, standard mixtures
of the 20 more common aminoacids were
treated as described, together with frag­
ments of gel.

After subjecting the standards to the
whole procedure, they w'ere analyzed and 

the results compared with those of non­
processed standards.

Results and Discussion

Figure 1 shows the electrophoretic pat­
tern of mitochondrial inner membrane
proteins and the 18 bands selected for
aminoacid analysis.

Table I shows the aminoacid composi­
tion of each of the 18 fractions. Trypto­
phan, tyrosine and methionine were near
completely destroyed and 60 % of histi­
dine was also lost; this figure was consid
ered in all subsequent calculations.

In the Hydrophobicity Indexes (H.I.)
calculated as previously described (3) (ta­
ble I), the degree of polarity of each am-
noacid is taken into account, assuming
direct relationship between polarity ar
behaviour in partition chromatography.

Figure 2 shows the electrophoretograms
corresponding to the proteins of sediment
and supernatant of the centrifugation at
150,000 X g for 90 min, after the osmot­
ic and freeze-thawing treatment of the
inner membranes containing matrix, as
described in Materials and Methods. In
each fraction, sediment or supernatant,

Fig. 1. Electrophoretic analysis of
rat liver mitochondrial inner mem­

brane proteins.
The preparation (3 mg/ml) was solu­
bilized with sodium dodecyl sulfate
(1 %) and 2-mercaptoethanol (1 %),
subjected to electrophoresis in 5.6 %
polyacrylamide gels, and stained as
described by Fairbanks et al. (1).
The gel contained 150 /<g protein. The
18 prominent bands selected for ami­

noacid analysis are numbered.
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Fig. 2. Densitometer tracing of polyacryl­
amide gel electrophoresis of the polypeptides
of the Inner membranes [containing matrix)
and the fractions obtained by centrifugation

after osmotic lysis and freeze-thawing.
The 18 polypeptides from inner membranes
analyzed for aminoacids are numbered. The
polypeptides clearly predominant in the sedi­
ment (the most firmly related to membranes)
and in the supernatant (less related or unrelated
to membranes) after fractionation of the inner
membranes are numbered in the corresponding
fraction. (See text for details.) IM: inner mem­

branes; SD: sediment; SP: supernatant.

only the predominant bands are num­
bered.

If the bands are classified in decreasing
order of HI., i.e., in increasing order of
polarity (table II) it could be observed
that a good correlation exists between
hydrophobicity, as indicated by their H.I.
and the expected character according to
their origin, more or less related to mem­
branes. Other bands of mixed origin, such
as numbers 2 and 9, occupy in the H.I.
scale an intermediate position.

These results suggest that the Hydro­
phobicity Index could be used as a sa­
tisfactory measure of the polar or apolar

Table II. Decreasing order of H.I. of 18 poly­
peptide bands from inner mitochondrial mem­

branes.

Band
Predominant in

fraction

6 Sediment
1

15 Sediment
7 Sediment

16 Sediment
8 Sediment

18 Sediment
10
17 Sediment
14

2
12 Supernatant
9
3
4 Supernatant

13 Supernatant
5

11 Supernantant

character of a protein. It can also be in­
ferred from the present data that a direct
relationship exists between the aminoacid
composition of a membrane protein and
its localization within the membrane.

Resumen

Se estudia la composici6n en aminoicidos de
bandas tehidas en geles de poliacrilamida, tras
realizar electroforesis de las proteinas de la
membrana interna mitocondrial, hidrolizando
directamente los trozos de gel. Se calcu!6 el
Indice de Hidrofobicidad de 18 bandas polipep-
tidicas prominentes a partir de sus composicio-
nes en aminoacidos. De estos 18 polipdptidos,
los menos relacionados con membranas tienen
hidrofobicidad baja segun se puede deducir de
sus Indices de Hidrofobicidad.
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