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of peroxi

from rat liver were

reconstituted in liposomes, With the patch clamp technique, a channel was detected wnh a conductance of 420 + 30 pS
and a Py / P, of about 3. The channel in native membrane fractions was weakly voltage dependent, residing most of the
time in an open state with the possibility to shift to different substates. Solubilization changed the kinetic properties.

The channel became strongly voitage di

membrane.

Introduction

Isolated rat liver peroxisomes are permeable to
sucrose {1,2] and to a variety of other small molecules
includi b and cof: for intraperoxi 1
enzymes [3,4]. The sucrose permeability of the per-
oxisomal membrane is an unusual property that is shared
by the mitochondrial outer t but not by most
other subcellul. b The mitochondrial outer

a ch ]-forming protein, porin,
which allows the diffusion of solutes with molecular
weights lower than 4000-6000. The porin channel is
weakly anion ive and has a in the
order of 500 pS. Porins are also found in the outer

1, of chloropl and G g bacteria
(for review, see Ref. 5).

Experiments from one of our laboratories have indi-
cated that the b of rat liver p also
possesses a pore-forming protein, wl'uch allows the pas-
sage of solutes with molecular weights of up to 800 at
least {4,6). Labarca et al. [7] described the presence of a
weakly cati lective large d channel in

Correspondence: M. Lemmens, Laboratorium voor Fysiologie,
Katholicke Universiteit Leuven, Campus Gasthuisberg, B-3000
Leuven, Belgium.

and closed at
the channel is about 1.7 nm and might explain, at least

g to —20 mV. The estimated diameletof
ially, the p bility properties of the p

peroxisomal membrane fragments fused with planar
lipid bilayers. Our previous observations and those of
Labarca et al. are most probably the expression of the
behavior of a same peroxi ! integral b
protein. The protein remains to be identified and puri-
fied.

In the current contribution we present a detailed
electrophysiologica! analysis of the behavior of the per-
o)usomal channel at the smgle—channel level. Per-

al native b and
solubilized peroxi 1 integral b
were reconstituted into liposomes and the character-
istics of the channel in its native membrane environ-
ment and after solubilization were studied with the
patch-clamp technique. The experiments confirm the
presence of a weakly ive large d
channel in the peroxisomal membrane, and show that
some of its characteristics change upon solubilization.
The channel is clearly distinct from the porin present in
the outer mitochondrial membrane as well as from the
weakly cati 1 e large di channel that
was recently also found in mitochondria [8]. The sub-
mitochondrial localization and the role of the latter
channel remain unk The d of
the peroxisomal channel is sufficient to explain the
non-selective permeability of isolated peroxisomes to
substrates, products and cofactors for intraperoxisomal
enzymes.

0005-2736,/89,/$03.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division)
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Material and Methods

Purification of peroxisomes and preparation of per-
oxisomal membrane fractions

Peroxisomes were purified from livers of male
clofibrate-treated rats by a combination of differential
centrifugation and isopycnic centrifugation in iso-
osmotic self- Percoll di as described
earlier {4.9]. Calculated on a protein basus, the mito-

proteins directly to the unilamellar vesicles. The suspen-
sion was kept for 2 h at 2-4°C and freeze-thawed,
yielding liposomes. In some experiments 100 mg wet
Bio-Beads SM-2 were added together with the solubi-
lized proteins in order to adsorb the detergent [10).
Before freeze-thawing the beads were removed by sedi-
mentation.

As an additional control Triton X-100 was added to
the unilamellar vesicles in the absence of protein. The

chondrial of the p P

tions was approx. 8%. Peroxisomal membranes were
prepared by sonication of the purified organelles in 10
mM pyrophosphate buffer pH 9 exactly as descnhed

p [4]. S ion in hyp
buffer releases the matrix proteins and most of the
peripheral membrane proteins. The obtained

pellet was suspended in 10 mM Mops buffer pH 7.2,
containing 1 mM EDTA, 1 mM DTT, 0.5 mM PMSF
and 0.1% (v/v) ethanol and the membranes were stored
in liguid nitrogen before reconstitution in liposomes. In
another series of expenmems the membrane pellet ob-

final Triton X-100 in these exp

was 0.25% (w/v), a concentration approximately twice
the maximum concentration present during the recon-
stitution of the solubilized proteins.

Incorp ion of gramicidin D was achi by ad-
ding a small volume (50 1) of a gramicidin solution (3 4
ng idin/mi) to the li The
was allowed to equilibrate for 2 h at room temperature.

Single-channel recording
10 ¢l of the thawed liposome suspension was diluted
in a bath i the lution used for the

tained after pyroph was p

in the same buffer solunon as described above except
that the solution contained 0.5% (w/v) Triton X-100
and the integral membrane proteins were solubilized
exactly as described earlier [4]. The solubilized proteins
were stored in liquid nitrogen before reconstitution into
liposomes.

Rec i of ch Is in fi thaw i
Blank f; thaw li (thhout

channels) were prepared as follows. 200 ul of a chloro-

forr solution, ing 5 mg phosphatidylcholine, 5

mg phosphatidylethanolamine, 2 mg phosphatidylserine

and 2 mg cholesterol per ml of chloroform, was dried
(in a warm water bath at 37°C) as a thin film on the
bottom of a test tube by means of a nitrogen stream.
200 g1 of an aqueous solution containing 100 mM KCl,
1 mM CaCl, and 5 mM Hepes brought to pH 7.5 with
Tris were added. The dried lipid was allowed to hydrate
for 30 min at 37°C. The suspension was vortexed for 2
min and sonicated with a probe sonicator (Analis probe
sonicator 20 micron peak to peak) for four times 5 s
with 5-s time intervals at 2-4°C. The obtained small
unilamellar vesicles were frozen in liquid nitrogen in
aliquots of 10 gl and stored. Before use, the samples
were thawed at room temperature for 10 to 15 min,
yielding liposomes.

In order to reconstitute peroxisomal native mem-
brzne fragments, allquols (30 to 100 pl) of the pyro-
phosphate-treated p fraction, con-
taining approx. 300 pg of protein, were added to the
aqueous solution used for the hydration of the dried
lipids.

Triton X-100 solubilized integral membrane proteins
were reconstituted by adding aliquots (50 to 70 ul
containing approx. 30 pg of protein) of the solubilized

paration of the lip Dilution resulted in an
mcrease in surface blebbing and in the formation of
liposomes with a diameter as large as 50 pm [11}. The
liposomes were allowed to settle at the glass bottom of
the bath. The bath was flushed to remove the mono-
layer formed at the surface of the aqueous solution and
the vesicles not sticking to the bottom.

Patch prpenes were made from pyrex glass capillaries
on a h de puller and
microforge. The mmal rmstance of the pipette was 10
to 20 M. Pipettes were sealed on the outer membrane
of the liposomes. Patches were excised by short ex-
posure of the tip of the pipette to the air. Patches
without channel-forming activity had a resistance of
23+15 G (n=215, +S.D.). The success rate for
patch formation was more than 90%. The patches re-
mained stable during prol d cl g at p ial
ranging from —100 to +150 mV.

Unless indicated otherwise, both pipette and bath
were filled with the same aqueous solution mentioned
above. Pipette solutions were filtered through a Milli-
pore filter (pore diameter of 0.2 pm). The potential
values indicate the pipette potential with respect to bath
potential. Outward current is defined as positive charges
flowinig out the pipette. The experiments were carried
out at room temperature.

Single-channel currents were measured with a List
LM/EPCS5 patch-clamp amplifier. Data were stored on
a FM magneuc tape recorder After filtering, the data
were digitized and analyzed by computer (PDP 11,23
DEC).

of the re method. (ontrol experi-
menis

th lip may be ! multi-
lamellar structures [11}. In order to verify whether the




patches were of a single bilayer structure and not a plug
of undifferentiated lipid material, gramicidin D or Tri-
ton X-100, which have channel-forming activity in single
bilayers [12,13], were incorporated in liposomes. With
200 mM KCl present both in the pipette and bath
solution, clean square current transitions of single
gramicidin channels could be observed in isolated
patches, indicating the presence of a bilayer. The
gramicidin channel had a conductance of about 20 pS,
and open times in the order of seconds. This behaviour
is similar to the characteristics described previously [12].
In a similar way, we were able to record channel-for-
ming activity of Triton X-100. The channcls had a
maximum conductance of 205 + 60 pS (n=3, +£S.D.)
and remained in an open state for more than 95% of the
time when ped at —100 and
+100 mV. These results are in good agreement with
those reported by Schlieper et al, [13].

The channel-forming activity detected with gramici-
din or Triton X-100 indicated that the patches consisted
of a single bilayer, and therefore demonstrates the suita-
bility of the reconstitution method.

Results

Reconstituted native peroxiccinal membrane fragments

General description

In a first series of experiments vesicles were analyzed
in which native b fr were i P
rated. Active channels were found in about 10% of the
patches. Fig. 1 presents examples of current records at
four different voltages from an experiment m wluch a
patch was jected to ive clamps at i
positive or negative potentials.

At voltages less than 100 mV the current was for
more than 95% of the time at a given level. This level
was proportional to the voltage (indicated in Fig. 1 as
the main level, M). Occasionally, short transitions to
lower levels occurred. The probability per unit time of
such transitions at +20 mV was low (0.47 +£0.31 s~!
for n=3, +S.D.) and increased with voltage. Rarely,
i.e. in less than 1% of the cases, transitions between
smaller current levels were also detected For clamps at
100 mV and at 150 mV (negative or p
to smaller current levels became more frequent and the
residing times at smaller current levels were longer
(seconds to even minutes). The shift to such long dura-
tion lower level occurred with a delay which was varia-
ble and ranged from a few seconds to minutes. If the
shift to a lower level persisted for minutes, the original
level could only be regained by lowering the voltage
gradient. In some cases a decrease by 50 mV was
sufficient. In other cases the voltage had to be reduced
to zero mV for 5 to 30 s.
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Fig. 1. Current records from a patch with a single peroxisomal
channel. The smallest detected current level (S) is indicated. The
channel resided at a main curremt level (M) with sporadic transicnt
transitions to different smaller current levels (+50 mV). For clamps
at larger vollages (£ 150 mV) the residing time at smaller current
levels became longer, ranging from seconds up to minutes. Records
were low-pass filtered at 500 Hz and digitized at 2 ms. Conditions:
pipette and bath solution contained 100 mM KCl, 1 mM CaCl, and §
mM Hepes brought to pH 7.5 with Tris.

In the example of Fig. 1 the main level corresponds
to a conductance of 420 pS (after leak correction). The
same value was found in five other patches. In 17
patches the behaviour of the channels was similar but
the main current level was higher. The dlslnbuuon of
the currents or di led the of
groups. This is illustrated in Fig. 2a by the different
slopes ¢ the current-voltage relationships obtained from
the meaa values of the current at each voltage. In Fig.
2b the Jistribution is given of the conductance calcu-
]a!ed for each individual expenment The values of the

could be d iples of a basic
unit of 420 pS. From this observation it was concluded
that these patches contained two, three or four chan-
nels.

Ciomifi

e of short Existence of substates

A more detailed analysis of the current levels at-
tained during the short transitions is given in Fig. 3.
The patch was clamped at +100 mV and showed a
main conductance level of 420 pS. Fig. 3a shows the
observed current jumps in order of increasing magni-
tude. At least eight different current levels could be
discerned some of which correspond to peaks found in
the current amplitude histogram of the same current
record which is presented in Fig. 3b. The largest peak at
the right corresponds to the main current level (M) and
amounts to 48.8 pA at + 100 mV. The smallest level (S)
was 5.2 pA. The different current levels were situated
between the smallest and the main current level. The
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Fig. 2. Current-voltage relationships of the main current levels of 24 experiments (Fig. 2a). The main current levels were dctermined with current
amplitude histograms of current records of 1 to 5 min. The obtain:d values at each potential were grouped in four groups (circles, squares, triangles
after leak isil

and crosses) and averaged (+S.D.) for each group. The data were fitted to straight lines. The number of experiments in each group is indicated.
istribution of the

in Fig. 2b. The conductances of the experiment: in each group were averaged (+S.D.). Conditions as in Fig. 1.

The dotted line represents the average leak found in blank patches (50 pS). The
GQ is well within the range of the mean value of
23+15 GR (iSD) for 215 patches in which no

lest way to expiain the

smallest detected state probably corresponds to the
closed state of the channel (5.2 pA at +100 mV or 52
PS). A conductance of 52 pS or a resistance of about 20
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Fig. 3. Fig. 3a illustrates the presence of different current levels between the main open and the closed level detected in a single channel clamped at
+100 mV. At least eight different current levels were discerned. A current record of 2 min of the same experiment was used to construct the
current amplitude histogram presented in Fig, 3b, The smallest detected current level is indicated at the left (S) and is presumably the closed state
of the channel. The peak at the right is the main open state (M). The smaller current levels are situated between these two states. The arrows

indicate the current values found in Fig. 3a. Records were filtered at 2.5 kH and digitized at 50 ps. Conditions as in Fig. 1.



result of Fig. 3 is to assume the existence of one channel
which most of the time resides in the open main level,
and occasionally shifts to a partially closed state or
substate.

Another possibility is the assumptior: of several inde-
pendent ct Is. Two possibl )| ions could then
be offered for the short transitions to lower levels: they
are due either to the simultaneous closure of one or
more channels or to the closure in each case of a
different channel. (1) If the iransitions to lower levels
were due to the simultaneous closure of more than one
channel, a high closing probability would be required.
Such a condition is contrary to the observed results. The
probability for closure to any level was very low (0.47
s~! at +20 mV). If this value is taken as an (overesti-
mated) approximation of the probability of closing of
one channel in an interval of 1 s, the probability of
simultaneous closing within 1 ms (the ume resolutmn of
our measurements) of two indep is

355

+100

Fig. 5. Selectivity of the peroxisomal channel. The circles represent
the current-voltage relation of the main open state in symmetrical
conditions (see Fig. 1). The data were fitted to a straight line with a
conductance of 830 pS (2 channels). The triangles represent the

vanishingly small (2.2 - 10~7). (2) If the transitions were
due to the closure of a single channel, the main open
state should be equal to the sum of all individual
channels. Inspection of the different levels demonstrates
that this is not the case. It is fuded that

ltage relation when the KCI concentration in the bath was
raised to 500 mM. The reversal potential shifted to about +20 mV.
yielding a Py /P, ratio of about 3.

the short transitions are due to changes to substaics.

Probability of the main open and closed state

In the six experiments in which only one channel
(i.e., one main current level) was present, amplitude
histograms were constructed at different voltages, and
the probabilities were computed. When the analysis is
restricted to periods before the channel shifted to a

P
A 1o»o-u»--o ,,,,,,,,, Beeme }
05
.-e- (P e .
-100 -50 0 +50 +100 +150
mw

Fig. 4. The probability of the main open state (open circles) and of the
closed state (dots) was determined while the channel resided in the
main open state with transient transitions to substates (absence of
long-live substates). The channel was clamped at increasing positive
or negative potentials. The probabilities were derived from amplitude
histograms of a current record at each potential. For small potential
differences (from —50 to +50 mV) the duration of the current
records used varied from 30 s to S min. At extreme potential dif-
ferences, the,channel may switch to long-live substates (up to several
minutes). In order to avoid this phenomenon clamps at these potential
were shorter (up to 2 min at +109 mV). The data are from six
single-channel experiments ( +5.D.). Conditions as in Fig. 1.

(e, with d longer
lhan 10 s), the results can be summarized as follows
(Fig. 4). The probability of the main open state is high
(practically 1.0) at small potential differences, but de-
creases slightly at more extreme potentials. In al! cases
the probability of the closed state is practically zero.

Conductance selectivity
The selectivity of the channel was determined by
increasing the KCl concentration in lhe bath to 500

mM. In Fig. 5 an le is p d of the 1
voltage relauonsh.lp m these asymmemcal conditions.
This patch two p Is. The

reversal potential of the mam open state shifted to
about +20 mV at the most diluted side, indicating a
weak selectivity of the channel to cations over anions.
For three experiments, an average reversal potential of
+17 1 126 mV (j:SD) was obtained. The degree of

y was lated with the Gold Hodgkin-
Katz aquauon Py /P, was about 3, which means that
the p 1 channel about three times
more potassium than chloride.

Reconstitution of solubilized membrane proteins

General description

Channel activity in liposomes in which solubilized
membrane proteins were incorporated showed remarka-
ble differences with the results described in the previous
section. An example is given in Fig. 6. At positive
voltages, the activity was characterized by a pronounced
flickery behavi with high fi oscillations and
without any clear constant level. In amplitude histo-
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Fig. 6. Fig. 6a presents current records of sol
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iromal channels at different poteniials. Such records with a duration of 1 to 5 min were

used to construct current amplitude iuisivyrams as presented in Fig, 6b. The closed state (C) and the maximum detected current level (O) are
indicated. The leak at positive polenua]s was esumaud by linear extrapolation from the measured leak at negative w)llage& ‘The maximum current

level was d with current

as presented. Records were low-pass filtered at 1 kHz and digitized at 1 ms. Conditions:

pipette and both solution contained 100 mM KCI, 1 mM CaCl, and 5 mM Hepes brought to pH 7.5 with Tris.

grams no clear peaks could be detected. At less positive
voltages, there was a lendency to stay less open, brt the
flickery The

‘became narrower (+20 mV) At neganve potentmls the
channel d and letely at

the single channel conductance of 420 pS as observed in
native p The patches
were lhus considered to contain two or three chanmels.

Coll

voltages negative to —~20 mV at which the channel
remained closed (—40 mV). These phenomena occurred
in all patches examined (# = 6), indicating not only a
strong asymmetrical dependence of the channel on
potential, but also a preferential direction of incorpora-
tion of the channel in artificial membranes. The use of
Bio-Beads SM-2 in order to adsorb selectively the deter-
gent Triton X-100 [10] during reconstitution did not
change the above described properties.

Conductance

When the maximum current level observed in the
amplitude histograms was plotted as a function of the
potential, a linear relationship was obtained (Fig. 7).
Intersection with the abscissa occurred at about 0 mV.
The slope of the relation was 860 pS in one experiment
and 1290 + 180 pS (£S.D.) in five other experiments.
These conductances appear to be integral muitiples of

Selectivity of the sotubilized channel was determined
after increasing the KCl concentration in the bath from
100 to 500 mM. The reversal potential shifted to 18 £ 5
mV (n=3, £S.D.)), indicating a weak selectivity of the
channel to cations over anions. The degree of selectivity
was calculated with the Gold Hodgkin-Katz equa-
tion, and a Py /P, of about 3 was found.

Kinetics

From the description of the channel behaviour, it is
clear that the channels rarely appeared in the fully open
state. Depending on the voltage the current flickered
between different open levels at positive voltages and
gradually changed to the closed state at negative volt-
ages. In order to measure the probability of one channel
being in the closed state, it is needed to know the
number of channels in the patch. This value was esti-
mated from the measured conductance levels, The closed
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Fig. 7. G ionships of the current levels

that were delecled at dxiferem potentials in six differcat patches. The
maximum current level was always determined using current ampli-
tude histograms constructed with current records at a fixed potential.
Above —20 mV, current records of at least 1 min were used. Below
—20 mV maximum current levels were determined before the chan-
nels closed. Such closure occurred when they were clamped to the
negative test potential starting from positive holding potentials, The
maximum current levels at each potential were divided in two groups
(circles and squares), averaged (+S.D.) and fitted to a straight line.
Leak was subtracted. The conductances were 860 and 1340 pS.
Conditions as in Fig. 5.

probability was determined using current litud
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tials positive to +20 mV to more than 90% below —20
mV.

Discussion

In the present report we have analyzed channel activ-
ity mduu-:d by mcorporauon of peroxisomal native
or i Trit lubilized
membrane proteins in lipid membranes. Single-channel
conductance was in the order of 420 pS and a selectivity
of Py/Pc of about 3 was found. Channel kinetics was
different for the native membrane and solubilized frac-
ticn. Channels derived from the natlve membrane frac-
tion, subjecied 0 di were
mostly in the open state and occasnonally shifted to a
short-d At larger p , the shift to
a substate was of longer duration. Channels derived
from the solubilized fraction had a pronounced flickery
behaviour, and tended to close at negative pipette volt-
ages.

The channel is different from the channel induced by
Triton X-100 as such. The detergent-induced channel in
our hands had a single-channei conductance of 205 pS
and a closed-state probability not dependent on poten-
lla.l The channel induced by the solubilized per-

proteins had a of 420 pS and
closed at negative potentials. The properties of the
peroxisomal channel are different from those of other
large cond ly known in rat liver.

histograms of records of 1 to 2 min. The closed prob-
ability was then calculated using a binomial distribution
and an of the chan-
nels. The results from 5|x peri are p d in

In mitochondrial membranes two large conductance
channels have been described [5,8,14- 16]. One of them,
the voltage-dependent anion channel (porin) can be

Fig. 8. The closed probability was slmng]y voltage
dependent, and increased from less than 10% at poten-

Plclosed)

_._.-._\l

0 -e-e-e-e--

50 0 50

mV

Fig. 8. Closed probability calculaled fm' a single solubilized per-

oxisomal channel. The closed in a patch was

from current amplitude histograms of records of at least 1 min at each

potential. The number of channels was determined, and they were

assumed to be independent. The closed probability of a single channel

was calculated with a binomial distribution. The dots are mean values
of the closed (+S.D.) for six

luded on the basis of its anion selectivity. The other
channel is cation selective but differs from the per-
oxisomal channel in two aspects: first it shows four
conductance levels; second the open probability of these
conductance levels is strongly voltage-dependent and
totally different from the present channel. Control ex-
periments were carried out under identical conditions
with a total mitochondrial membrane fraction from rat
liver. In this mitochondrial membrane fzaction, chan-
nels with similar characteristics to those described for
the nitochondrial porin were observed. Sumlar chan-
nels were ds after itution of p
fractions (in both native membrane fragments and
solubilized peroxisomal proteins) in 4 to 5% of the
patches with channel forming activity. These findings
are explained by the small contamination of our per-
oxisomal fraction with mitochondria. Gap junctions
from rat liver have a conductance of 150 pS [17) whn.h
is clearly lower than the d of the p
channel. Moreover, gap junctions are presumably closed
in the presence of 1 mM Ca®*.

The of the p I channel in our
hands is about 420 pS in 100 mM KCl. Labarca et al.
[7] reported a channel in peroxisomes from rat liver
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with a conductance of 1.2 nS and 2.4 nS in 6.3 M KCl:
the largest was most frequently observed
at potentials near ~10 mV, while the smaller conduc-
tance was mainly present at potentials more negative
and positive than —10 mV. Assuming that no satura-
tion cecurs, one expects a channel conductance of 1.26
nS in 0.3 M KCl in our conditions. This would be in
agreement with the small conductance level found by
Labarca et al. [7].

With a conductance (S) of 420 pS, and assuming the
channel to be a hollow cylinder of length [ filled with
an aqueous solution of the same conductivity o as the
bulk solution and without specific binding site for ions,
the effective pore diameter d (= 2r) of the channel can
be estimated according to

=(S:0)/(a-m)

with / as 6.8 nm [18) and o in 100 mM KCi as 12
mS/cm [19). The esti of the p

channel amounts to 1.7 nm. Labarca et al. [7] estimated
a pore diameter of 1.5 and 3 nm. It should be stressed
that these estimations are based on the assumption that
permeation of ions occurs as free diffusion without
interaction with binding sites in the channel protein.

Substates

For the peroxisomal channel in native membrane
fragments at least eight substates could be dis-
tinguished. Conductance was linear in all cases. Sub-
states were also found for the peroxisomal channel by
Labarca et al. [7].

From a theoretical point of view two different types
of mechanisms can be made responsible for the ex-
istence of substates [20]: the subunit type and the
partial closure type. In the last type the channel consists
of one single protein unit but the conductance can vary
to different values because of conformational changes
in the protcin. In the subunit type each subunit can

ion as a d h ‘but more i

unit type. We therefore propose that the channel changes
its conductance by a partial closure mechanism.

Kinetics
The closed probability of the peroxisomal channel in
native b is ind d of the

potential in contrast to the SO]IIbI].IZJEd peroxisomal
channel which displays a strong voltage-dependent
closed probability. For native membrane fragments in-
corporated in planar lipid bilayers Labarca et al. [7] also
found a strong voltage-dependent behaviour of the per-
oxisomal channel with a maximum around 0 mV,
switching to apparently closed states at positive poten-
tials and to partially closed states at negative voltages.
The voltage-dependent behaviour of the channel re-
mains obscure, and seems to depend either on the
isolation procedure or method of reconstitution (planar
lipid bilayer or patch). It is interesting to mention in
this respect that the voltage-dependent gating of OmpF
or OmpC porin channels that was found after recon-
stitution in planar lipid bilayers, was not detected in
vivo in intact Escherichia coli cells [21]. This suggests
that the voltage-dependent gating of those bacterial
porins is an artifact of in vitro reconstitution,

Function, regulation, conclusion
The diameter of inc peroxisomal channel as calcu-
lated above, is of the same magnitude as that of the
mitochondrial porin [5]. It is therefore likely that the
presence of this channel in the peroxisomal membrane
explains the permeability of isolated peroxisomes to
sucrose and to other small water-soluble molecules as
well as the lack of latency of most peroxisomal enzymes
when measured in broken cell syslems [1-4,6). Several
remain h . (1) Do
amphlphlhc compounds such as acyl-CoA esters, which
are formed at the cytosolic side of the peroxisomal
membrane [22] and which tend to partition into the
lipid phase of the membrane, also penetrate via the
hydrophilic channel or do they penetrate via a specific

subunits can be organized i m parallel and function as a
large cond channel if d at the same time.
The different substates are characterized by equally
spaced current levels; the main conductance level is a
multiple of the basic subunit level. Subunits however
can also be organized in such a way that they aggregate
like the staves of a barrel to form the walls of a single
pore (the alamethicin type). Addition or deletion of
subunits causes different substates Such a behaviour is
h ized by a or di in
conductance, the amphtude of the change being depen-
dent on the total number of subunits present at a given
time.
The description of the subcond ‘behaviour for

1 (2) is the permeability of the channel regu-
lated in the intact cell? Regulation by a membrane
potential is a possibility. The detergent-solubilized
channel was voltage dependem but the channel in its
native t was not. ion by
protein~protein interaction {23], protein phosphoryl-
ation, ions of other small effector molecules are other
possibilities. The present experiments were performed
in the presence of 1 mM Ca**. Omission of Ca** and
addition of chelator did not influénce the characteristics
of behavior of the channel (unpublished results), mak-
ing a regulatory role for Ca?* unlikely.

The physiological role of the channel is probably to
allow the rapid exck of sut d and

the peroxisomal channel allows us to exclude the sub-

f for peroxisomal enzymes between the per-
oxisomal and cytosolic compartments. However, the



intriguing possibility exists that the peroxisomal chan-
nel may also be part of the machinery responsible for
the translocation of proteins across the peroxisomal
membrane. As most mitochondrial proteins, per-

matrix proteins are ized on free poly-
ribosomes in the eytosol and posttranslationally im-
ported in preexisting organelles [24]. It is believed ihat
during translocation the imported proteins require un-
folding to a translocation-competent conformation. In
mitochondria, proteins are imported through an as yet
unidentified hydrophilic membrane environment [25].
On them‘eucal grounds, Smger et al. [26] have proposed
the i of ap water-filled channel
in the locati of proteins across b The
diameter of the peroxisomal channel is sufficient to
accommodate an unfolded rotein. So, at least the
theoretical possibility exists that the peroxisomal chan-
nel plays a role in protein transloca.uon. A role in
protein location for the p 1 channel does
not exclude a concomitant role in the transport of small
water-soluble molecules.
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