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1. Intreduction

It has been suggested that the ultrastructural
changes observed in mitochondria after the addition
of protamine could be explained as the consequence
of generating a higher ApH between the inner and
outer mitochondrial compartments {1, 2]. This paper
demonstrates that a similar direction of change in

itnnh ~aadeial s lteactriiatn vn can ha inducad hy lawar,

mitocinondarial uluaauu\,tuiv Lall UL JIUULLVU Uy 1Uwuel
ing the pH of the medium. Moreover, the energized-
twisted configuration (ET) of beef heart mitochon-
dria, which was suggested to be an intermediate in
the structural changes occurring during oxidative
phosphorylation 3, 4], can also be induced under
nonenergized conditions ( rotenone + antimyci

olicomvein + arsenite) in nH 6.5 medium containin
ciljgomycin + arsenite) in pi3 6.0 medum containin

phosphate, butylmalonate and malate.

2. Materials and methods

Heavy beef heart mitochondria were prepared and
in0.25M su gse + 10 mM Tris ch la

pH 7.5 [5]. Mitochondrla from pork liver were pre-
pared and suspended in 0.25 M sucrose + 3 mM Tris
chloride pH 7.3 {6] . Protein content was estimated
by the biuret method [7]. Respiration was measured
with a Beckman oxygraph equipped with a Clark oxy-
gen electrode in 5 ml of reaction medium, pH 7.3,
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chloride, 5 mM potassium phosphate, 3 ug of rote-
none and 0.2 m! of mitochondrial suspension (heavy
none anda v.Z mi 6 mIitoCnondria: suspension eav

beef heart mitochondria — 10 mg of protein in exp. A
or pork liver mitochondria — 12 mg of protein in exp.
B and C.) After the addition of 5 mM Tris succinate
respiration was recorded for 2 min. Oxygen consump-
tion was 55 nanogram atoms O, /min/mg of mitochon-
drial protein in exp. A and 25 nanogram atoms

0O, /min/me of mitachondr rial proteinin exp. Band C
s 1Ly Alls ULl HHHITUCIIULIULL leUL\,LAl 11 V o) l.\.l .

Respiration was then completely inhibited by the ad-
dition of a solution of protamine sulfate at a concen-
tration of 50 ug/mg of mitochondrial protein (exp. A
and B) or by addition of HCl to pH 5.8 (exp. C). Af-
ter I min of inhibitor action samples were fixed by

mixing an equal volume of 2% glutaraldehyde in 0.25
M cucrace + SO mM caradvlate hiiffer nH 7 '2 {favn A
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M and B) or 2% glutaraldehyde in 0.25 M sucrose
(exp. C) in the reaction chamber.

Exp. D was performed as described by Papa et al.
[8] . Mitochondria from beef heart (5 mg of protein)
were incubated in 1 ml of the pH 6.5 medium con-

taining 200 mM sucrose, 20 mM Tris chloride 1 mM
MeCl, . 0.5 mM EDTA. 3 ue of rotenonc e of

MELIy, V.o M 21 A 5 U OF TOIenone, .5 Mg O1
antimycin, 10 ug oligomycin and 1 mM arsenite. Af-
ter 2 min of preincubation of mitochondria 5 mM
potassium phosphate was added followed 2 min later
by addition of 5 mM butylmalonate with the subse-
quent addition of 5 mM Tris malate. At 6 min the
experiments were terminated and fixed by mixing
euqal vol. of 2% glutaraldehyde in 0.25 M sucrose +
50 mM cacodylate buffer pH 6.5. Procedures used for
electronmicroscopy were described by Wakabayashi
et al. [9]. Sectional specimens were examined in a
Hitachi Hu 11B electronmicroscope operated at 75
KV.
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Fig. 1. Ultrastructure of mitochondria: A: Beef heart — succinate oxidation inhibited by protamine. B: Pig liver — succinate oxida-

tion inhibited by protamine. C: Pig liver — succinate oxidation inhibited by lowering of pH of the medium to 5.8. D: Configura-

tion of heart mitochondria named *“‘energized twisted”” (ET) obtained in pH 6.5 medium containing antimycin, rotenone, oligo-
mycin, arsenite, by addition of phosphate, butylmalonate and malate.
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3. Results and discussion

Protamine has been shown to be a potent inhibitor
of mitochondrial respiration and it was suggested that
this inhibition is a consequence of an increase of ApH
between the inner and outer mitochondrial phase
[10). Recently this suggestion was supported by ob-
servations that the effect of citrate and uncouplers on
respiration is similar in the case of protamine inhibi-
tion in intact mitochondria and “inside out” sonic
particles (in the absence of protamine) in alkaline
(pH 8.7) medium [11, 12]. Experimental evidence
suggesting that protamine acts at the membrane level
[1, 2, 10] seems to be in agreement with the observed
specific action of this protein in developing action
potential in black lipid films [13].

Protamine inhibition of respiration occurs with
concomitant changes in mitochondrial structure [1,
2]. It is interesting that by using protamine it was
possible to show structural similarities between heart
mitochondria (fig. 1A) and liver mitochondria (fig.
1B), which normally show many structural differen-
ces. In both cases (fig. 1A and B) mitochondrial res-
piration (state 4 succinate + rotenone) was inhibited
by addition of protamine and samples were fixed for
electronmicroscopy. Typical changes as reported be-
fore — contraction of intermembrane space and
cristae with matrix space expansion can be observed.
A tendency for membrane opposition and matrix
space expansion could be also observed under condi-
tions when respiration was inhibited by lowering the
pH of the medium to pH 5.8, although to a lesser de-
gree (fig. 1C). Further increases in H* concentration
in the medium causes the disruption of mitochondrial
structure (not shown). The structure of these dis-.
rupted mitochondria seems to be similar to those ob-
served as in the case of protamine + gramicidin [1,2].

The fact that mitochondrial ultrastructure is not
simply related to the ApH is shown in exp. D. In this
case isolated heart mitochondria were incubated in
pH 6.5 medium containing antimycin, rotenone,
oligomycin and arsenite. Next, by the addition of
phosphate, butylmalonate and malate to these non-
energized mitochondria, it was possible to induce ul-
trastructural transitions similar to those reported as a
consequence of energization [3, 4] . At the present
time it is difficult to suggest a mechanism for these
structural changes, even though the effect of butyl-
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malonate and changes in anion composition which
can occur under those conditions are established
[14—18, 8] . The mechanistic aspects are further com-
plicated by the observation of anion accumulation in
boiled mitochondria [19] and uncoupler and mem-
brane transport inhibitor sensitive anion accumula-
tion in matrix protein isolated from mitochondria
[20, 21].

On the other hand, although the existence of “ET”
configuration as one of the structural forms normal-
ly observed in mitochondria was questioned [22], it
is our contention that data obtained from experi-
ments in situ [23] and experiments performed with
isolated mitochondria in the presence of membrane
anion transport inhibitors [24] demonstrate that the
“ET” configuration is not an artifact of fixation but
is a consequence of biochemical reaction(s) which is
(are) related to the anion and proton concentrations
inside the mitochondrion.
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