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Summary. A fraction highly enriched with inner membranes of E.
coli was fused with liposomes, using the dehydration-rehydration
technique, to produce giant liposomes amenable to patch-clamp
recordings. Among the several channels present in this type of
preparation, one was further characterized. The channel has a
conductance of some 200 pS (in 0.1 m KCl) and is weakly selective
for cations (PK/PCl = 4). The channel stays open at negative
and low positive membrane potentials and shows an increasing
probability of closure with increasing voltage. High positive mem-
brane potentials favor transitions to a long-lived inactivated state,
following slow kinetics. Voltage-dependent rapid flickerings of
the same amplitude, between open state and other short-lived
closed states, are superposed on these kinetics. The channel is
presumed to be localized in the inner membrane, but its character-
istics are also compatible with those of porins of the outer mem-
brane. However, the major porins OmpF and OmpC, purified and
reconstituted into giant liposomes, exhibited a marked different
behavior.
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Introduction

The Gram-negative bacterium Escherichia coliis de-
limited by two membranes, an outer membrane and
an inner (cytoplasmic) membrane.

The outer membrane contains large, water-filled
channels called porins, which are permeable to com-
pounds with molecular weights up to 600-700 D
(Benz et al., 1978; Schindler & Rosenbusch 1978;
see Jap and Walian, 1990, for a review). Conse-
quently, the outer membrane is generally viewed
as a molecular sieve. The electrophysiological data
gathered so far on porins have been mostly obtained
using purified proteins reincorporated into planar
bilayers. The two major porins, OmpF and OmpC,
form trimers, whose conductance is in the order of
2nSin I M KCl. The voltage dependence of porins
is still debated. One group of laboratories found that
porins could be closed, following slow kinetics, by

increasing the membrane potential (Schindler & Ro-
senbusch, 1978, 1981; Dargent et al., 1986; Xu et
al., 1986, Morgan, Lonsdale & Alder, 1990), while
another group observed that porins are mostly open,
and that the rare closure events are independent of
the applied potential (Benz et al., 1978; Sutcliffe et
al., 1983). This difference has been generally as-
cribed to differences in the reconstitution methods
and/or the purification methods. Nevertheless, La-
key and Pattus (1989) purified OmpF in three differ-
ent ways and reconstituted it by three different meth-
ods, and observed, in all cases, a voltage-dependent
closure of the porins. Recently, patch-clamp tech-
niques, performed either on E. coli giant sphero-
plasts (Martinac et al., 1987; Szabo’ et al., 1990) or
on giant liposomes into which bacterial membranes
have been fused (Berrier et al., 1989; Delcour et al.,
1989a) have started being used. Using this method,
Delcour et al. (1989b) described a voltage-dependent
channel, later identified as OmpC, on the basis of
alterations in conductance and cooperative behavior
in a strain carrying a single mutation in the ompC
gene (Delcour, Adler & Kung, 1991). Large stretch-
activated ion channels are also observed in these
preparations; their localization is still debated (Ber-
rier et al., 1989; Buechner et al., 1990).

The inner membrane, capable of energy trans-
duction like that of mitochondria and chloroplasts,
is highly polarized electrically, due to active expul-
sion of protons through the respiratory chain or the
ATPase: the values of the membrane potential, as
measured by the accumulation of cationic lipophilic
probes, range from —100 to —150-180 mV, de-
pending on the external pH (Padan, Zilberstein &
Rottenberg, 1976; Booth, Mitchell & Hamilton,
1979). This membrane contains active transport sys-
tems (pumps and carriers), some of which have been
the object of intense study, at the genetic, biochemi-
cal and biophysical levels (Harold, 1986). In con-
trast, very little is known about ion channels in the
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inner membrane. In inner membranes fused into pla-
nar bilayers, Simon and co-workers (1989) reported
the existence of a 115 pS channel (in 45 mm KCl)
and, more recently, of a 220 pS channel which is
opened by the addition of a signal sequence (Simon
& Blobel, 1992). It is suggested that this last channel
is involved in protein translocation. Although it is
generally believed that the inner membrane is un-
likely to contain ion channels because they would
cause dissipation of the proton-motive force, several
ion channels of unknown functions have recently
been described in other energy-transducing mem-
branes such as the inner membrane of mitochondria
(Sorgato, Keller & Stithmer, 1987; Antonenko, Kin-
nally & Tedeschi, 1991; Szabo’ & Zoratti, 1991) and
of thylakoids (Schonknecht et al., 1988).

Prior separation of the inner and outer mem-
branes on sucrose gradients, followed by fusion into
giant liposomes by dehydration-rehydration, allows
the two membrane fractions to be studied sepa-
rately. Using this method, we observed in the inner
membrane fraction the presence of mechanosensi-
tive (stretch-activated) channels (Berrier et al.,
1989), as well as several other, nonmechanosensitive
channels. Among these latter channels, one was
more frequently observed than were the others. We
present a description of this channel.

Materials and Methods

MEMBRANE ISOLATION AND RECONSTITUTION
INTO GIANT LIPOSOMES

E. coli strains K12 and PAP1402 (K-12 W3110 carrying the muta-
tions ompR::TnS and gyrA) were grown at 37 °C in M9 minimal
medium containing 0.2% glucose, as the sole carbon source.
Strain PAP1402 was a generous gift from Dr. A.P. Pugsley. Cells
were harvested at ODg, = 0.5, and broken by passages through
a French pressure cell. The different membrane fractions (inner
membrane, outer membrane, contact zones) were isolated by
sedimentation through a sucrose gradient, as previously de-
scribed (Berrier et al., 1989). Inner membrane vesicles or outer
membrane vesicles were then fused with liposomes of azolectin
(from soybean, type II-S, Sigma) at a lipid-to-protein ratio of
6, by a cycle of dehydration-rehydration described previously
(Berrier et al., 1989).

PURIFICATION AND RECONSTITUTION OF OmpF
AND OmpC PoRINS INTO GIANT LIPOSOMES

OmpF and OmpC porins were purified from the outer membrane
fraction of E. coli K12, by salt extraction, using the procedure
of Morgan et al. (1990). Solubilized porins (1 ug) resuspended in
20 wl of 50 mm Tris-HCI (pH 8) buffer containing the detergent
lauryldimethylamine (0.1% w/v) were added to 2.8 mi of an azo-
lectin liposome suspension (1 mg lipids in 10 mM Hepes-KOH,
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pH 7, 100 mM KCl). The suspension was incubated for 1 hr at
room temperature, centrifuged at 90,000 rpm for 30 min in a T1-
100 Beckman centrifuge, and the pellet was resuspended in 15
wl of 10 mm Hepes KOH buffer pH 7.4. The liposomes were then
fused into giant liposomes, by a cycle of dehydration-rehydration
(Berrier et al., 1989).

ErLECTRICAL RECORDINGS AND DATA ANALYSIS

A 2-5 ul drop of the giant proteoliposome suspension was depos-
ited on a Nunclon plastic tissue dish and diluted with 1.5 ml of
the bath solution (as defined in the figure legends). All experi-
ments were conducted at room temperature (19-25 °C). Single
channel activity was measured using the methods of Hamill et
al. (1981). Patch electrodes were pulled from pyrex capillaries
(Corning code 7740) and were not fire-polished before use. Appli-
cation of the pipette (5—10 M{) to the surface of a proteoliposome
and gentle suction generally resulted in the formation of a giga-
seal. The membrane patch was then excised and the internal face
was continuously perfused by a flow of solution from one of a
series of five piped outlets. The flow rate of the perfusion solutions
was 50-100 wl/min. Unitary currents were recorded using a Dagan
8900 patch-clamp amplifier with a 10 GQ feedback resistance,
and stored either upon a beta video cassette recorder (Sony) after
16-bit digitization at 22 kHz with pulse code modulator (Sony
PCM-701-ES), or upon digital audio tape (Biologic DTR 1200
DAT recorder). Records were subsequently filtered at 1 or 2 kHz
(-3 dB point) through an 8-pole Bessel low-pass filter 920LPF
(Frequency Devices), for data representation and data analysis,
respectively. Filtered data were occasionally retrieved directly
using a Gould 2400 pen-recorder. More frequently, after having
been digitized at a rate of 2 or 10 kHz by Compagq, Deskpro 286
using an S200 interface (Cambridge Research System), data were
analyzed and retrieved on a HP 7475A plotter or on a HP Laserjet
printer. Unitary currents were measured using a computer to
form histograms of baseline and open-level data points. These
histograms were fitted to the sum of Gaussian functions using
the nonlinear least-squares gradient-expansion algorithm of Mar-
quardt (1963), to determine the amplitude, the mean and the
dispersion of each peak. The mean unitary current corresponds
to the means of fitted peaks. The open/closed current levels were
determined by setting the level for threshold detection at 50%
of the mean single-channel current level determined from the
amplitude histograms. Open time, closed time histograms and
I-V curves were fitted by the numerical method described above.
F-tests were used to evaluate whether significant improvements
of the fits were obtained with two vs. one exponential.

The contents of all the pipette, bath and perfusion solutions
are listed in the figure legends.

Results

The channel investigated was observed in excised
patches from giant liposomes into which E. coli inner
membranes had been fused by dehydration-rehydra-
tion. Under our conditions of reconstitution (lipid
to protein ratio of 6: 1), the channel was observed
in 49 out of approximately 350 patches. It was not
observed in giant liposomes into which outer mem-
branes, isolated from the same cells, had beenrecon-
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Fig. 1. Properties of the current fluctuations through the voltage-dependent channel. (4) Current traces recorded, at different holding
potentials, from an inside-out excised patch of giant liposome fused with E. coli inner membrane (lipid/protein ratio: 6:1). Bath
medium: 10 mM HEPES-KOH adjusted to pH 7.4, 100 mm KCl. Pipette medium: as bath medium, with the addition of 2 mm CaCl,,
5 mM MgCl,. O: open level. (B) Corresponding amplitude histograms (10 sec recordings), displaying multiple current peaks separated
by equal intervals. The frequency of occurence is given in arbitrary units. Horizontal bar: 40 pA.

stituted at a similar lipid to protein ratio (52 patches).
It is not known whether or not the reconstituted
membranes have the same orientation as the native
inner membranes. Membrane potentials are thus ar-
bitrarily given in terms of potentials of bath solu-
tions, assigning zero potential level to the pipette.
Figure 1A displays currents through channels of
this kind at different holding potentials. The chan-
nels were mostly open at negative potential and low
positive potential and closed as the potential is
raised. In 48 out of 49 patches the channel presented
the voltage-dependent polarity shown in Fig. 14,
while in only one patch, the inverse polarity (closure
at negative membrane potential) was observed. In-
spection of the traces displayed in Fig. 1 clearly
shows the superposition of two kinetics: slow clo-
sure and reopening events on which are superposed

rapid flickerings between open and closed states.
These two kinetics belong to the same channe] since:
(i) they were always observed together, and (ji) they
have the same elementary conductance. This can be
seen from the corresponding amplitude distribution
histograms (Fig. 1B) which display multiple current
peaks separated by equal intervals. Also, segments
of recordings plotted on an expanded time scale indi-
cate that the resolved events of the fast kinetics have
the same conductance as those of the slow kinetics
(Fig. 2). This was true in symmetrical as well as in
asymmetrical media (Fig. 2), indicating the same
ionic specificity for the two types of events.
Despite the dilution resulting from the reconsti-
tution, and despite these channels being only ob-
served in about one patch out of 7, they were always
observed in clusters. Fast kinetics was studied at
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Fig. 2. The two kinetics of closure have the same elementary conductance. The recording was performed in asymmetrical media
(pipette: 100 mm KCI, bath: 300 mm KCl). The pH was adjusted to 7.4 with 10 mM HEPES-KOH, pipette medium additionally
contained 2 mm CaCl,, 5 mm MgCl,. The membrane potential was 56 mV. The lower trace shows 1 sec recording of the upper trace

(corresponding to the horizontal bar) on an expanded time scale.

membrane potentials (up to 40 mV) for which one
level of closure is largely predominant, so that the
other levels can be neglected, and for which slow
closure events are rare and can thus be avoided.
Figure 3A shows a closed time histogram at 40 mV:
the closed times are not distributed exponentially,
alarge component of very brief closures being super-
posed on smaller numbers of longer closures. At all
potentials, the closed time histograms fitted the sum
of two exponentials, the time constant of the first
exponential being probably overestimated, due to
missing very short events. None of the time con-
stants of the two exponentials appeared to be sig-
nificantly sensitive to the membrane potential (not
shown). Thus, the channel would possess two closed
states and the transition from closed states to open
state would be largely voltage independent. Because
of the presence of several channels in the patches,
the open time distribution of one channel could not
be determined. We measured, instead, the open time
distribution of N channels, N being the largest num-
ber of elementary-current units present in one patch.
Figure 3B shows such an open time histogram at 40

mV. The open times were observed to be exponen-
tially distributed at all potentials and the mean open
time (corresponding to N X mean open time of one
channel) decreased with increasing membrane po-
tential (Fig. 3C), implying that closures through fast
kinetics implicate only one open state and are volt-
age dependent.

We took advantage of the appearance of the
channels in clusters to study the slow kinetics by
voltage pulses. In Fig. 4, a 120 sec pulse, from —40
mV where channels were opened, to + 100 mV, re-
sulted in the closure of some 25 channels; return to
—40 mV resulted in a level of current indicating that
the closed channels had not reopened. In the 120
sec following the return to —40 mV, one closure
followed by two reopenings can be observed. The
remaining 24 channels remained closed, as con-
firmed by the limited current amplitude reached
upon a second pulse to + 100 mV (not shown). The
number of channels closed and reopened is calcu-
lated on the basis of the single channel conductance
of the channel at +100 and —40 mV, respectively.
This pattern, i.e., immediate reopening of only a
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fraction of the closed channels and prolonged clo-
sure of the other channels, was observed in all
patches subjected to voltage pulses. Together with
the observation that reopening events can be ob-
served in the slow kinetics (see Figs. 1,2,5), this
indicates that a high membrane potential triggers the
transition to, at least, two closed states, one of which
is an absorbing, inactivated state.

Figure 5 shows the time course of inactivation
triggered by voltage pulses, from a holding potential
of —40 mV, to increasing positive potentials. The
decaying part of the signal, for recordings of pulses
above 80 mV, could be meaningfully fitted by a single
exponential, with a time constant decreasing drasti-
cally with increasing voltage (Fig. 5). Nevertheless,
a latency to the first closure, which decreases with
increasing voltage, is clearly observed in the re-
cordings. Following the classical treatment of Am-
strong (1969), this would indicate that there are sev-
eral open states through which the channel has to
pass before the transition to the inactivated state. In
keeping with this hypothesis, the normalized whole
curves, latency to the first closure included, could
be reasonably fitted by functions of the form 1-(1 —
exp(—t/7)) (not shown).

In symmetrical 100 mm KClI solutions, the cur-
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Fig. 3. Distribution of open and closed times of the fast
kinetics. (A) Closed time histogram. The membrane potential
was 40 mV. The fitted line is drawn to the probability function
F(t) = A exp(—t/7f1) + B exp(—1t/7f2), with 7f1 = 0.54
msec and 7f2 = 6.2 msec. (B) Open time histogram. The
membrane potential was 40 mV. The fitted line is drawn to the
probability function f(r) = A exp(—t/70), with ro = 5.7 msec.
(C) Plot of the mean open time, 7o, as a function of the
membrane potential. The data were obtained from the same
patch. Since the exact number of channels in the patch, N, is
unknown, 7o represents N X mean open time of a single
channel.

rent-voltage relationship was non-ohmic (Fig. 64).
The chord conductance varied from 90 pS at — 100
mV to 195 pS at +100 mV, and the slope conduc-
tance from 70 pS at —100 mV to 270 pS at + 100
mV. In asymmetrical solutions, the observed rever-
sal potential was — 15 mV for a reversal potential
for K* of —~28 mV, corresponding to a ratio of per-
meability of potassium to chloride (PK/PCl), of 4.
The selectivity among cations is shown in Fig. 6B.
From the reversal potentials, the following order is
obtained: K* > Na* > Lit.

The channel was found in the inner membrane
fraction fused into giant liposomes and never in the
outer membrane fraction. We therefore presume
that it is localized in the inner membrane. However,
since there is a certain contamination (about 8%) of
the inner membrane fraction by the outer membrane
fraction, we considered the possibility that the chan-
nel could be a contaminating porin from the outer
membrane. Indeed, OmpF and OmpC, the only
known porins present in significant amounts under
our conditions of culture, are major constituents of
the outer membrane and the voltage dependence of
the channel studied here is reminiscent of that of
porins reconstituted into planar lipid bilayers, as
reported by several groups (Schindler & Rosen-
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0O— busch, 1978, 1981; Dargent et al., 1986; Xu et al.,
1986; Lakey & Pattus, 1989; Morgan et al., 1990).
100 pAl Although this channel and OmpF and OmpC porins
60s apparently differ in other characteristics reported
from planar bilayer experiments, we studied the be-
havior of porins reconstituted in giant liposomes.
OmpF and OmpC were purified by salt extrac-
tion, following the procedure of Morgan et al. (1990),
from the outer membrane fraction of the E. coli K12
cells used in this study. The purified porins were
reconstituted into azolectin liposomes, which were
then fused into giant liposomes by a cycle of dehy-

dration-rehydration and studied by patch clamp. The

results of this study, which is detailed elsewhere

: (Berrier et al., 1992), indicate that porins behave

/ differently from the channel described here. Porins

L-**--—~————- could be reversibly closed by test pulses to negative

f as well as to positive membrane potentials (but only

0] above 100 mV or under — 100 mV). Negative poten-

tials were more efficient in promoting closure. Even
+100mVv SO L ;

in this case, the kinetics of closure is much slower

-40mV J -40mV than for the channel described above. Figure 7

shows three 190 pS steps (in 0.1 M KCI) of closure,

Fig. 4. Inactivation of the channels triggered by voltage pulse. elicited by a test pulse to — 160 mV applied to giant

The patch was subjected to a voltage pulse froma holdin‘g.poten— liposomes reconstituted with porins. From the data

tial of —40 mV to + 100 mV, as indicated. Other conditions as obtained in planar bilayers, we interpret these events

in Fig. 1. as the cooperative closure of trimers. In most cases
rapid fluctuations of approximately one third of the
100mV 120mV
O
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Fig. 5. Kinetics of inactivation at different positive potentials. Current traces elicited by 120 sec voltage pulses from a holding potential
of —40 mV to increasing positive potentials: 60, 80, 100 and 120 mV (total pulse period: 240 sec). The traces at 60, 80 and 100 mV
are from the same patch. The decaying part of the signal was fitted to a single exponential curve which is shown superposed on the
traces at 100 and 120 mV. The bottom figure shows the variation of the time constant of inactivation with the membrane potential.
Other conditions as in Fig. 1.
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large steps (60-70 pS) were observed, superposed
on the slow kinetics of closure (Fig. 7). These fast
events, previously not detected by the planar bilayer
technique, were always observed at lower mem-
brane potentials (between —90 mV and +90 mV)
and were the only manifestation of the porins at
these potentials. They probably represent the flick-
ering of monomers and may correspond to the elec-
trical activity described by Delcour et al. (19895) in
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patch-clamp experiments performed on giant lipo-
somes fused with outer membranes, and recently
ascribed to OmpC (Delcour et al., 1991). This pattern
was never observed in the channel described in this
paper. Alternatively, rapid fluctuations of the same
amplitude as that of the slow closing events, were
not observed with porins. Moreover, OmpF and
OmpC channels exhibited a cooperative behavior
which increased with increasing membrane potential

==
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CURRENT

—-80 —-40 0 40
MEMBRANE POTENTIAL (mV)

80

Fig. 6 Current-voltage relationship and ionic selectivity. (A) I-V curve obtained in (O) symmetrical (pipette and bath: 100 mMm KCl)
and (A) asymmetrical media (pipette: 100 mm KCl, bath: 300 mm KCl). (B) I-V curve in asymmetrical K/Na media ((J) (Pipette: 100
mM KCl, bath: 100 mM NaCl) and K/Li media (+) (pipette: 100 mm KCl, bath: 100 mm LiCl). The curve in symmetrical KCl media
is given as a reference. In both A and B, the pH was adjusted to 7.4 with 10 mm HEPES-KOH, pipette media additionally contained
2 mm CaCl,, 5 mm MgCl,.
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Fig. 7. Closure of porins (OmpC and OmpkF) elicited by a 60 sec test pulse from 0 to — 160 mV. Porins were purified by salt extraction
from the outer membrane of E. coli K-12, and reconstituted into azolectin liposomes (lipid/protein ratio = 1000: 1). The liposomes
were then fused by dehydration-rehydration into giant liposomes amenable to patch-clamp recording. The recording was performed
in asymmetrical media (pipette: 100 mm KCl, bath: 300 mM KCI). The pH was adjusted to 7.4 with 10 mM HEPES-KOH, pipette
medjum additionally contained 2 mm CaCly, 5 mm MgCl,. The lower trace shows 1 sec recording of the upper trace (corresponding
to the horizontal bar) on an expanded time scale.
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and which was never observed for this channel.
Also, the selectivity of the purified porins reconstitu-
ted into giant liposomes (PK/PCl = 25), was differ-
ent from that of the channel described here.

Finally, a similar channel was observed (7 times
out of 98 patches vs. 49 times out of 350 patches in
E. coli K-12, under similar conditions of reconstitu-
tion) in the inner membrane fraction isolated from
strain PAP1402 which is derived from strain K-
12W3110 by deletion of the ompR gene. Deletion of
the ompR gene decreases the level of OmpC and
OmpF expression to extremely low levels (Hall &
Silhavy, 1981), conferring to the bacteria an OmpF ~,
OmpC~ phenotype characterized by resistance to
colicin A.

Discussion

This work investigates an ion channel found in the
inner membrane fraction of E. coli fused into giant
liposomes. The main characteristics of this channel
are a large conductance (around 200 pS in 0.1 m KCI
at positive potential), a weak selectivity for cations,
and a high open probability at negative or low posi-
tive membrane potential. The voltage dependence
of the channel is complex and was only analyzed
in part. Increasing membrane potential favors the
transition to two closed states of very short lifetimes.
High positive membrane potentials also favor the
transition to one, or more probably two, long-lived
closed states, one of which is an absorbing, inacti-
vated state.

We attempted to localize the channel by looking
for it in inner and outer membrane fractions. Both
fractions, reconstituted into giant liposomes display
electrical activity (Berrier et al., 1989), but the chan-
nel described here is only observed in the inner mem-
brane fraction. Here, the quantitative determination
of a biochemical activity, used in the localization of
membrane protein with enzymatic activity, is re-
placed by the frequency of occurence of the channel
in the different fractions. This approach can be criti-
cized on various grounds. While the outer membrane
fraction is nearly devoid of inner membrane vesicles,
there is significant contamination of inner membrane
fractions by outer membranes (about 8%) (Berrier
et al., 1989). It may also be argued that the efficien-
cies of reconstitution of the two fractions, which
are unknown, may be different. Indeed, fusion of
bacterial membranes into giant liposomes involves
lipid-lipid interactions and since the lipid composi-
tions of the two membranes are very different, one
can expect differences in the efficiency of reconstitu-
tion. This, however, does not, in itself, invalidate
the approach: there is no reason to suppose that
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outer membrane vesicles contaminating the inner
membrane fractions would be reconstituted with a
higher yield than outer membrane vesicles from the
outer membrane fractions. The approach is unsatis-
factory, nevertheless, if the contaminating fraction
is a subpopulation which is selectively enriched in
the protein under study. However, this is a difficulty
which is also encountered in determining the local-
ization of a protein by enzymatic assays. Conse-
quently, conclusions derived from this approach,
the only possible ones at this first stage, should be
considered with caution, until a function can be
clearly assigned to the channel.

Despite superficial resemblance to the voltage
dependence of porins reconstituted in planar lipid
bilayers, we do not think that the channel described
here is one of the known porins, contaminating the
inner membrane fraction. Under the growth condi-
tions used here, only OmpF and OmpC are produced
in significant amount, the expression of phAoE and
lamB requiring a low level of phosphate and the
presence of maltose, respectively (Nikaido & Vaara,
1987). OmpC and OmpF reconstituted into lipo-
somes had completely different characteristics, in
particular the kinetics and ion specificity. Neverthe-
less, for the reasons given above, a localization of
this channel in the outer membrane cannot be totally
excluded. In this case, the channel would be a novel,
minor porin. Its large conductance, and the fact that
it is open at low or zero membrane potential—the
situation found in the outer membrane under normal
conditions—would be consistent with such a role. It
would then remain to be explained why this channel
coisolates preferentially with the inner membrane
fraction.

If, as suggested by our experiments, the channel
is present in the inner membrane, knowledge of its
native orientation is important, since the inner mem-
brane is electrically polarized. Inner membrane vesi-
cles obtained by passage through a French press are
inside out as compared to the native orientation, but
it is unknown how fusion into giant liposomes by
dehydration-rehydration affects the orientation. The
data presented here show at least that it is not ran-
dom, since the channel, which has an asymmetric
voltage dependence, was observed in 48 out of 49
cases to have the same orientation. If the inner mem-
brane was reconstituted right-side out (the cyto-
plasmic surface facing the bath), the channel would
be constantly open under physiological conditions.
Moreover, in this case, closure at positive potentials
would have no physiological significance, since
these potentials are never observed in vivo. If, how-
ever, the inner membrane was reconstituted inside-
out, the channel would be normally closed at physio-
logical potentials, and could open upon depolariza-
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tion. In all cases, given the high conductance of the
channel and its relative abundance, its presence in
the inner membrane probably requires that it be reg-
ulated by soluble elements present in the cytoplasm
or the periplasm to avoid dissipation of the trans-
membrane proton-motive force. The same consider-
ation applies to some of the ion channels recently
described in the inner membrane of mitochondria,
another energy-transducing membrane (Sorgato et
al., 1987; Szabo’ & Zoratti, 1991). At this stage,
given its lack of specificity, it is premature to specu-
late about the physiological function of this new
channel.
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