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SUMMARY : [n the presence of ATP and oxidizable substrate, submitochon-
drial particles accumulate up to 7 nmel of picrate/rmg of protein. Half of this
value is reached at 5 uM picrate in the medium, and maximal energy-depen-
dent accumuiation occurs at 25 uM picrate. Mitochondiial proton fluxes calcu-
lated under such conditions are 0.80 and 1.08 pmol H /cmz-sec at 10 uM and
25 'uM picrate, respectively. These values are similar to those reported for
state 4, and are therefore not large enough for uncoupling by plcrate through
proton transtocation. The energy-dependent spectral response of oxonol VI is
reversed to 50 % by 40 MM picrate, suggesting that abolishment of membrane
potential is responsible for uncoupling of submitochondrial particles by picrate.

It has been shown previously that certain anions such as picrate (1) and
tetraphenylborate (2) behave like uncouplers in inside-out oriented submitochon-
drial particles, but not in mitochondria, and that they do not function as ef-
ficient protonophores in substrate pulsed submitochondrial particles. These
data are in apparent contradiction with the correlations reported by others be-
tween uncoupling potency and the ability of an uncoupler to induce transmem-
branes proton transport (3,4). In an attempt to resolve this problem, Mclaughlin
et al. (5,6) proposed that picrate accumulates etectrophoretically in submito-
chonrdrial particles but not in mitochondria, because of the unfavorable polar-
ity of the membrane potential in the |atter. McLaughlin et al. assume that at
steady state the concentration of picrate is high enough to allow effective
protonophoretic uncoupling through am outward directed filux of undissociated
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picric acid. At a potential of 175 mV, a pH gradient of unity, and a concen-
tration of 10 }JM in the medium, these authers arrived at a steady state con-
centration of 1.1 mM picrate inside the particles, and a corresponding flux
of 0.43 pmol H+/cm2'sec.

Recently, Michels and Bakker (7) studied picrate uncoupling in E. cali
membrane systems. They found that picrate accumulation by inverted vesicles
is driven by the membrane potential, and that unceupling of these vesicles is
accormpanied by a decrease in membrane potential, which is in quaiitative
agreement with the predictions of the model of Mclaughiin et al. (5,6).

We have experimentally determined the extent of energy-dependent pic-
rate accumulation in submitochondrial particles. Our data confirm the caleula-
tiens, but not the corclusions of MclLaughlin et al. (5,6) concerning pro-
tonophoretic uncoupling by picrate. This is because picrate induced proton flux
estimated by three different methods is much smaller than that required for
uncoupling. [n addition, our data indicate that among the components of the
protonmotive force, the membrane potential rather then the pH gradient is

abolished by picrate.

MATERIALS AND METHODS

For picrate binding studies, submitochendrial particles (B8) were suspend-
ed in a buffer containing 250 mM sucrose, 10 mM Tris-chloride, pH 7.8, 1mM
succinate, 1 mM ATP, 1 mM MgCL_, and various concentrations of picrate,
incubated for 7 min at room tempera%ure, and sedimented at 23° for 45 min at
100,000 g. The amount of picrate in the pellet was determined according to
(9). In the supernatant, picrate was estimated spectrophotometrically at 400 nm.
Energy-dependent spectral shifts of oxonal VI {1 /UM) in the presence of 0.1 rma/
ml submitochondrial partictes (10}, 200 mM sucrose, 50 mM Tris-sulfate,
pH 7.5, and 10 mM MgCl,_, were monitored at 630-602 nm. Protein was deter-
mined by the biuret methog {11). Oxonol V! was synthesized as described (12}.
5-Chloro-3-t-buty|-2' -chloro-4' -nitrosalicylanilide (5-13) was a gift from
Monsanto Chemical Co., St, Louis, Ma.
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Fig. 1. Accurnulation of picrate by energized submitochondrial particles in
the presence and absence of the uncoupler S-13, Submitochondrial particles
(3.2 mg/ml) were incubated at room temperature with increasing amounts of
picrate, and in the presence and absence of 5-13 (2.2 nmol/mg proteinl.
After centrifugation, picrate was determined in peliet (picrateb) and super-

natant (pl’cratef). For details, see Materials and Methads.

RESULTS

Fig. 1 shows the extent of picrate uptake by submitochondrial particles
under energized and deenergized conditions. At picrate concentrations of 10 /“'M
and 25 /JM, respectively, 5.1 and 6.8 nmaol picrate/mg of protein is accu-
mulated in an uncoupler sensitive manner. With a free volume of 2.5 lul/mg
submitochondrial particle protein (13), these values correspond to intravesicular
concentrations of 2.0 mM and 2.7 mM picrate. With these data, a permea-
bility coefficient of 0.4 cm/sec for picric acid {5), and an inside pH of 6.3
(5), picrate-mediated proton fluxes can be estimated directly and campared
with the calculated data of others. It is seen in Table | that proton transport

values estimated from the present results are similar in magnitude to those
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Table |. Effect of picrate, DNP and FCCP on proton translocation

through the inner mitochondrial membrane

proton flux

uncoupler {prmol H+/cm2-5ec) ref.
picrate (10 M) 0.43 5

(10 M) 0.80°

(10 pM) 0.28°°

(25 pM) 1.08°

(25 pM) 0.787¢
DNP {100 pM) 11.3° 14
FCCP (0.5 pM) 16.3° 14
no addition ‘1.25‘:i 14
no addition ‘1.051:l

acalculated from data of Fig. 1, using a value of 2.5 p|/rng submitochandrial
particies (13) and a permeability coefficient of 0.4 cm/sec far picric acid

(5).

P caleulated from substrate pulse data (1) using relaxation rate constents of
0.023, 0.029, and 0.04/sec at 0, 10 anc+1 25 pM picrate, respectively, a
buffering power differentiat of 12 umol H /pH unit-g protein (14), a prot%n- o
rrotive force corresponding to 4.5 pH units (14), and a value of 1.18-10 cm /g
submitoehondrial protein derived from a mernbrane thickness of 7 nm and a
rmembrane density of 1.21 g/mi (18).

Cafter subtraction of proton flux in the absence of picrate.

d 2
data from ref. 14 were recalculated using a factor of 4-‘105 cm /g rat liver
mitochondrial protein (14},

predicted by Mclaughiin at al. (5,6) and those calculated from our earlier

kinetic data (1}. Significantly, all of the values of picrate induced proton

flux shown in this Table are ciose to the values obtained by Mitchell and

Moyle (14) under conditions of rminimal mitocheondrial proton flux, i.e., in

state 4 (not shown) or In the absence of uncouplers. By contrast, the proton

fluxes in the presence of 2,4-dinitropherol (DNP) and carbonylcyanide-p-tri-

fluoroamethoxyphenylhydrazone (FCCP) are 9 to 13-fold higher and of the same

order of magnitude as the state 3 values {14},
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Flg. 2. Effect of picrate on the energy-dependent spectral response of axonol VI
in submitochondrial particles. Submitochondrial particles (0.1 ma/mi} were
energized with ATP (5 mM) in the presence of oxcrol VI {1 IJM). Arrows and
numbers indicate picrate additions and resufting total picrate concentrations.
Complete deenergization was achieved by S-13 (1 nmol/mg protein). Termpera-

ture: 300. For details, see Materials and Methods.

Rather than being a protanophaore, picrate appears toc be more effective
in decreasing the membrane potential. It iz seen in Fig. 2 that 50 % of the
potential-sensitive oxonol response (12) is abalished by 40 HM picrate, the
same concentration which inhibits the rate of ATP-dependent electron flow

from succinate to NAD by 50 % (1).

DISCUSSION

Picrate concentrations accumulated under energized canditions by sub-
mitochondrial particies are of the same order of magnitude as those predicted
by McLaughlin et al. (5,6). The inside concentrations of picrate and the cor-
responding proton flux values (Table 1) calculated by these authors (1.1. mM
picrate; 0.43 pmol H+/cm2'sec) agree closely with the values derived from

2
Fig. 1 (2.0 mM picrate; 0.80 pmol H+/crr| -sec), even though the permea-
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bility coefficient used by Mcbaughlin et al. for submitochondrial particles was
determined in an artificial bilayer system (5). Taking into account that the
mitochondrial membrane contains only about 30 volume % phospholipids1, and
using a correspondingly smaller permeability coefficient (0.12 em/sec) for
neutral picric acid, a proton flux of 0.24 pmol H+/cm2-sec can be calculated
at 10 pM picrate, a value which is still comparable to the one reported by
MelLaughlin et al. (5,6).Using either this or the uncorrected value for com-
parison, it is apparent from Table | that picrate induced proton fluxes (lines 1
to 5) are only about as large as those occuring without picrate addition in
submitachondrial particles (line 9), in anaerchic mitochondria (line 8) or in
state 4 (14). Thus, on the basis of quantitative consideraticns, it can be
concluded that uncoupling by picrate cannot be explained by picric acid in-
duced proton flux, This is in agreement with our earlier conclusion ba;'sed on
substrate pulse data, but differs from the interpretation given by MclLaughlin
et al. (5,6). These authors used a conductance coefficient of 4.5-10"7
mhc/cm2 for the mitochendrial membrane (14), corresponding to line 8 in

Table 1. They, therefore, compared picrate induced proton flux with the

situation in anaerobic mitochondria without uncoupler additions and in state 4
(t4), rather than with state 3 or the uncoupled state.Our conclusion is alsé
in agreement with the uncoupling characteristics of tetraphenylborate reported
previously {2)}. Similar to picrate, this anion affects energy-dependent reac-
tions in submitochondrial particles, but not in mitochandria, and increases

proton permeability only marginally. Since a neutral tetraphenylbaric acid is

1Based on an analytical value of 0.3 mg phosphalipid/mg protein, a partial
specific volume of 0.98 ml/g lecithin (16), and a membrane density of
1.21 g/ml (15).
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apparently nonexistent even in extremely acidic media {17), it is obvious that
the model of MclLaughlin et al. (5,6) is neither applicable to picrate nor to
tetraphenylborate as an uncoupler.

On the other hand, the results of Fig. 2 offer a passible explanation for
the observed uncoupling by picrate (1). Whatever the mechanism, it is clear
that picrate diminishes the membrane potential, and, as stated above, the
extent of this effect agrees with the extent of uncoupling brought abaut by

picrate in an energy-dependent reaction catalyzed by submitochondrial particles.
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