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Abstract. The anion-selective porin Omp34 froftido-  porins are formed by 16-strand@ebarrels and the func-
vorax delafieldii was unidirectionally reconstituted in tional properties are mainly determined by the distribu-
planar lipid membranes. Pore closing was recorded partion and location of charged amino acids inside and out-
ticularly at low salt conditions for negative and positive side the pores (Weiss et al., 1991; Cowan et al., 1992;
membrane potentials in the range €0 to £100 mV.  Karshikoff et al., 1994). Since the first electrophysi-
Relaxation curves were fitted by exponential functions inological investigations of bacterial porins the phenom-
order to describe and to analyze the voltage-dependeminon of voltage gating or voltage-dependent closing has
behavior. Omp34 exhibited the following characteris-been known (Schindler & Rosenbusch, 1978, 1981).
tics: (i) The channels are asymmetric with respect toVoltage-dependent effects have been observed with a
closing characteristics and corresponding functional panumber of different porins from various bacterial spe-
rameters. (ii) Relaxation curves can be fitted by a singlecies, among them OmpF, PhoE and OmpC frigncoli
exponential function in the low voltage range only, at(Schindler & Rosenbusch, 1978; Delcour, Adler &
=40 mV combinations of two exponential functions are Kung, 1991; van Gelder et al., 1996), the porinRifo-
required. (iii) Beyond 60 to 70 mV a third exponential dobacter capsulatu@Bishop & Lea, 1994), Omp34 from
function is necessary to fit the fast closing componentsAcidovorax delafieldiijnvestigated here (Brunen & En-
properly. The time constants differ by two to three or- gelhardt, 1993), Omp32 from the related bacteriGoy
ders of magnitude. (iv) HysteresisltV-diagrams origi- mamonas acidovoranéMathes & Engelhardt, 1998),
nate from slow relaxation components which are differ-and others (Jap & Walian, 1996). Voltage-dependent
ent for positive and negative voltages. The implicationsclosing in bacterial porins depends on experimental con-
for models aiming at description of voltage-dependentditions, is modulated by the membrane type used for
closing are discussed. conductance measurements and by porin preparation
(Lakey, 1986). The content of organic solvent in the

Key words: Omp34 — Acidovorax delafieldii —on membrane is critical (Lakey & I_Dattus; 1989; B_runen &
channel — Porin conductivity — Voltage gating — Engelhardt,_ 1993) as well as I|popolysacchar|de (_L_PS)
Omp32 —Comamonas acidovorans vyhlch remains associated Wlth. the porin during purifica-
tion (Buehler et al., 1991; Sitmoet al., 1996). The
physiological importance of voltage-dependent closing
Introduction could not yet be demonstrated, but it is likely that the
open state is modulated by ligands vivo (Delcour,

Porins are pore-forming proteins in outer membranes 011997)' A closer analysis of gating kinetics has become

bacteria, mitochondria and plastids (Benz, 1994; Jap SPOSSi.b!e. when patch—clamp investigations, digital data
Walian, 1996; Popp et al., 1997). Bacterial porins arefCquisition and processing were performed, although

trimeric molecules with three water-filled channels earlier investigations already provided a number of func-

which mediate the permeation of ions and small nutrient§ional details (Schindler & Rosenbusch, 1978, 1981).

across the membrane. The channels of general diffusioﬁzlo.Sing kinetics are complex, and cannot be described in
a simple manner (Jones & Taylor, 1996), and very fast,

as well as long-lasting open-closed transitions were ob-
S served (Schindler & Rosenbusch, 1978; Berrier et al.,
Correspondence taH. Engelhardt 1992; Berrier, Besnard & Ghazi 1997; Delcour, 1997).



12 A. Mathes and H. Engelhardt: Porin Channel Closing

Detailed kinetic studies on voltage gating may help tooffset (..), representing the fraction of porins remaining in an open

understand what mechanism is responsible for the curstate. Equation 1 was used throughout, whesel to 3,5 denote the

rent-voltage behavior. This is particularly interesting amplitudes and; the time constants of the particular functions.

now that the atomic structures of several porins are avail-

able. The benefit of patch-clamp measurements is thaf! ==+ 2 a exp(-t/z) @

fast processes in the miIIise_cond range and small ClJrr(:mt(%nly those parameter combinations were recorded that were reliable

9f S'”g'e .channels can reliably be resolved. However\/vith regard to their relative error and physical meaning (no change of

investigations of larger ensembles of molecules may bgiy,) otherwise they were disregarded.

easier to perform with appropriate planar lipid mem-

branes. The latter are usually stable enough to enable

long-term measurements for the analysis of slow closingResults

phenomena in porins.

In this study we report on voltage-dependent effects

of current-time measurements with the anion-selectivdVlEASUREMENT OF CURRENT-TIME CHARACTERISTICS

porin Omp34 fromA. delafieldii (Brunen et al., 1991,

Brunen & Engelhardt, 1995). The results obtained espeMeasurements of voltage-dependent closing of Ahe

cially at low salt conditions illustrate that current-time delafieldii porin Omp34 were performed with planar

and current-voltage characteristics of porin ensemble$ipid membranes of the Montal-Mueller type (Montal &

are even more complex than expected. Mueller, 1972). The lipid used was diphytanoyl phos-
phatidylcholine, which has a net charge of approx. zero
over a wide pH range. We applied low salt buffers (5-

Materials and Methods mm KCI plus 10-mv Tris, pH 8.3, and 30-m KCI, re-
spectively) because previous studies have shown that
PORIN PREPARATION high salt concentrations disturb the voltage sensitivity of

Omp34 which also holds true for extreme pH values
Growth of cells in complex medium, preparation of outer membranes,(Brunen & Engelhardt, 1993). About 250 porin mol-
and isolation of porin Omp34 were previously described in detail acyles were inserted into the |ipid membrane in an ap-

(Brunen et al., 1991). parently unidirectional manner (Brunen & Engelhardt,
1993; Mathes, 1994) which enabled us to determine ori-
PLANAR LIPID BILAYER TECHNIQUES entation-dependent closing characteristics.

Residual conductance in measurements with en-
Conductance measurements were performed with planar lipid memsembles of porin molecules can derive from partial clos-
branes according to the technique of Montal & Muell_er (19_72) in ing of single channels, from complete closing of a frac-
Teflon chambers separated by a Teflon septum op.d@width with 0 ot channels, or from intermediate situations. Single
holes of 180,.m diameter as described in (Schindler, 1989). Ag/AgCl . . . .
electrodes were used and 34K Cl plus 10-nm Tris, pH 8.3, or 30-rm porin experiments with Only a few (3 to 5) |ns_erted mol-
KCl as an electrolyte. Treatment of Teflon septa and formation of lipid €cules showed that95% of the conductance is lost due
bilayers were essentially the same as described in detail elsewhei® closing of channelspt shownBrunen & Engelhardt,
(Mathes & Engelhardt, 1998). Porin dissolved in 1% Genapol Wa51993)_ Accordingly, histograms of conductance steps
added to one side of the membrane in amounts ofl2er 1-ml following insertion of porins into the membrane and sub-
chamber vo!ume. Voltage application and c.urrent measqrement wergequent closing steps exhibited almost identical average
perLormed V'j th: S.?me elethroqe (Vonagde side). The porin was adde(qonductances and step size distributions. This also ap-
{0 fhe ground-side I not ofherwise stated. plies to the related porin Omp32 fro@. acidovorans
(Mathes & Engelhardt, 1998). The average conductance
DATA ACQUISITION AND PROCESSING values for a single Omp34 trimer were about 25 pS in
- ) . 5-mm KCI (plus 10-mv Tris) and 70 pS in 30-m KCI.
The data acquisition setup consists of a patch-clamp amplifier EPC7 i, e 1 jllustrates the voltage profile applied to the
(List-electronic, Darmstadt), a digital storage oscilloscope Tektronix .
2211 (Tektronix, Heenveen, The Netherlands), a PC486 equipped witlm,embrane and the CurrenF response of porin molecules.
the data acquisition board AT-MIO-16F-5 from National Instruments SINCe the complete relaxation of current appeared to be a
(Munich), and a strip chart recorder for analog documentation. Prot€latively slow process we attached importance to long-
grams for data recording and processing were written using the graphterm measurements of each voltage step. For reasons o
cal programming language LabVIEW from National Instruments asconsistency and comparability, the complete set of
described in (Mathes & Engelhardt, 1998). The EPC7 stimulus pa_th-curves was recorded with the same molecules in a single
xiya‘évfjr:g;r;jgir%:;egqibogfatﬁgfgvgz{gﬁgﬁzggzd compensation, e mbrane. The experiments required more than 14 hr,
Mathematical fits of the relaxation curves were performed usingWhICh 1S extraordlnarlly |0ng for these types of measure-
different fit algorithms implemented in the LabVIEW software. One to MeNts. The voltage was increased from 0 to 100 mV in
three exponential functions were approximated together with a constant 0-mV steps, changing the polarity of the field after each
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period. Application of zero Volts for about 1 min or
changing the sign of the voltage caused closed porin  19g

channels to open immediately such that each new voltage>

period began with all open channels. The immediate re-E 50+ ﬂ H H H

sponse of closed channels to a short breakdown of memm 0 “F[_,mumu

brane voltage is nicely illustrated in Fig. 3. 2 504 ‘ ‘ U t
Omp34 is relatively sensitive to low membrane po- £

tentials and already begins closing at 10 to 20 mV (Figs.  -120- - - . ; ; >

1, 2) in agreement with previous observations (Brunen & o 2 4 6 8 14

Engelhardt, 1993). Figure 2 shows the relaxation curves fime (h)

for negative and positive voltages, here normalized withB
respect to the maximum current (amplitudes) in the very
beginning of each curve in order to make them more
easily comparable for further analysis. The maximum
currents of open channels plotted in BX-diagram re- 0,4-

vealed a slightly asymmetric and nonlinear behavior. h h
nill

0,8

The latter is not an effect of channel closing but is due to=
nonlinearity of conductance (Mathes & Engelhardt, @ 0,0y L—J

1998). Figure C also shows that there is no indication § L—J L,-l LJ F
of irreversible pore closing during the experiment. The

-0,4-

following conclusions can be drawn from the results
shown in Fig. 2. (i) The channels close at negative and
at positive voltages. (ii) The higher the voltage the more -0.8-

porin molecules change from an open to a closed state, 0 ' 2 4 6 8 10 12 14
i.e., the amount of channels remaining open at equilib- )
rium conditions decreases. (iii) Relaxation is apparently time (h)

a slow process which requires measurementsd min C

for proper data analysis. (iv) Voltage-dependent closing 0,8 -

exhibits asymmetry with respect to orientation, i.e., the /“‘

relaxation is faster at negative voltages in our setup (the

absolute orientation of porins is unknown). (v) Closing 0,4-

of porin channels is reversible and not static, fluctuations&;

are the result of ongoing closing and opening events. =
These results are consistent with all our experimentsé 0,0

performed with different starting conditions (voltage), 3 /

with single curves obtained in sessions of 1 to 6 hr or /

with complete data sets recorded over a shorter period of 0.4- ye

time (<10 min per individual condition). Again, the -

same principle results were obtained with porin mea- -0.8-

sured in 30-mn KCI under the time conditions illustrated 110 50 0 50 110

in Fig. 1; the normalized curves are very similar to those

presented in Fig. 2. voltage (mV)

Fig. 1. Current response of porin Omp34 to constant voltag8s. (
Voltage profile starting at 0 mV and increasing#£®00 mV in 10-mV
MEASUREMENT OF CURRENT-V OLTAGE CHARACTERISTICS steps with alternating sign. The steps are 43-min long and separated by

zero potentials of a 1-min period. The entire experiment was performed

with a single membrane Bj Recorded current of about 250 porin
Current-voltage relationships are usually determinednolecules in 5-m KCI, 10-mwm Tris, pH 8.3. The relaxation is due to
with triangular voltages. Figure 3 shows a typit¢al- closing porin channelsQ) Maximum current amplitudes recorded at
diagram for Omp34 with a particularly slow voltage tri- the very beginning of each voltage step (after capacitive currents have
angle of a 100-min length period. Again, there is a clearvanished). These open channel currents are used as normalization factor:
asymmetry. At negative polarity the process of closing
is more sensitive to voltage which corresponds to theplied to the membrane. The shorter the period of the
observations in Fig. 2, i.e., closing is faster. The shaperiangular voltage the less time is available for the porin
of the I-V-curve is a function of (slow) channel relax- molecules to achieve their open-closed equilibrium level
ation kinetics and the (relatively fast) voltage-profile ap- at a certain voltage. As a consequence the recorded cur
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Fig. 2. Normalized current traces obtained from Fi@. {A) Relaxation kinetics for negative anB)(for positive voltages. Curves farl0 mV are
not displayed. Normalization was done according to the maximum amplitudes shown irCFig. 1

6 residual currents obtained from relaxation experiments
> almost fit the second leg of theV-characteristic where
4- " the voltage decreases with time. At positive polarity po-
o rin molecules respond more slowly (Fig. 2), so that nei-
—_ 2 PR ther with increasing nor decreasing voltages the open-
E closed equilibrium could be approached. Therefore, the
= 0l - : extent of hysteresis differs with porin orientation in cur-
p o o? rent-voltage diagrams (Fig. 3).
8 -0 °
< ANALYSIS OF CURRENT-TIME CHARACTERISTICS
4 To describe the characteristics of the current-time curves
by means of simple expressions we tried to fit exponen-
'6_31‘10 .50 0 50 110 tial curves to the normalized data, assuming in a first

approximation that the porin can be described by a two-
state model (an open and closed state; Jones & Taylor,
1996). It was, however, not possible to fit the various
Fig. 3. I-V diagram of about 1,000 Omp34 molecules in 30-#Cl.  current responses with a single exponential function.
The period of_tria_ngular voltage was 100 min with an_amplitude of 100 The shapes of the curves in Fig. 2, particularly those at
mV. Arrows m(;hc_ate the progress of_ the curve, C|rc_Ies de_note thehigher membrane potentials, already suggested that
calculated equilibrium values far>c which were determined with the . . . . .
same membrane and voltage steps corresponding to the experimentﬂmple eXponem'al, function would nOt, be, SuffICIent.'
Fig. 1. The circles indicate the current-voltage trace of a theoreticalTherefor& we applled a least squares fit with a combi-
experiment with an extremely long triangular voltage peribce). nation of two exponential functions to allow adjustment
The spike at the lower left region of the curve originates from a black-Of the fast and slow relaxation processes. In Fig. 4 the
out in the power circuit less than 0.1-sec duration. Note that closeccorresponding parameters which possess the following
pori_n _channels opened immediately. The straight line illustrates thefagtyres are displayed: (i) The equilibrium level of open
deV|at|0n_ of the curve from pure ohmlp behavior. See text for an shannels I,) is a function of voltage with a slight indi-
explanation for the asymmetric hysteresis effect. .

cation of asymmetry. More than 80% of the channels are

closed at +100 mV and even more tend to become closed
rent is higher in case of increasing moduli of voltage thanbeyond that value. At approx. £50 mV half of the chan-
it would be if the triangular period were very long15 nels are in a closed state (Figh¥ (ii) There are two sets
hr). Only at higher voltages, and especially at negativeof time constantst) which differ by one to two orders
polarity in our setup where closing is considerably fasterof magnitude,r is in the range of 6 to 60 sec for the
(Fig. 2), the curves could approximate to equilibrium fast component an@pprox. 300 to 3,000 sec for the
conditions. This is illustrated in Fig. 3, showing that slow transition process (Fig.B}. The values vary

voltage (mV)
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quite significantly within the two sets and exhibit appar- tA
ently no clear tendency with respect to voltage, such tha
it was barely possible to extract or fit any functional 1,
dependence. (iii) The amplitudes reflect the observation
that beyond —-50 mV the fast process dominates the clos- 0,8
ing kinetics and is apparently a function of the membranes
potential, while the contribution of the slow relaxationis 8 g g-
approx. constant. On the positive side there are no ob-g
vious differences between the amplitudes, which appea@
to increase with the membrane potential (Fig)4(iv)
Below £30 mV reasonable fits were not possible.
Particularly at higher voltages another fast compo- 0,2
nent appeared in the closing kinetics which could not be
covered by two exponential functions, while a third func- 0,0+ ; ; . .
tion approximated the curves between 60 and 100 mV -100 -50 0 50 100
quite well (Fig. 5). The time constan(fast) of the pre-
vious fit (Fig. 4) now splits intor(fast) = 6 to 14 sec
with amplitudes of 0.35 to 0.46 apparently being inde- B
pendent from the negative voltage, arfthedium)= 40 5000+
to 280 sec with decreasing amplitudes. The parameters ] A\
of the slow component remained almost unchanged. At 1 \ R
positive potentials the values had approx. the same ten- | o= 5, v 4 \H, d
dency although belowt40 mV fits were no longer rea- __ 500" \ﬂf' .
sonable. In Fig. 6 the least squares sums of all mean-g 1
ingfully calculated exponential fits are compared. The“f‘ |
values were normalized with respect to the smallest error 504
value of the correponding fits to achieve a better com- 3
parability of the data, the best fit is indicated by a relative /\/w//\
error of 1. It is obvious, that at higher voltages there is
a need for three exponential functions, while below 20 to 5- e -
30 mV reasonable approximations could not be obtained -100 -50 0 50 100
with any of the expressions, although there was a slow
decay of current to 80 to 90% of the starting level. The voltage (mV)
parameters from multiply reproduced measurement
showed some variability but lay in the same orders of 06
magnitude and exhibited the same tendencies and prop- '
erties as illustrated in Figs. 4 to 6.

I{ec)

voltage (mV)

0,41
Discussion

The particular features of our data acquisition system an 0,21
the characteristics of the porin Omp34 frémdelafieldii
enabled us to measure closing kinetics of an ensemble of AN

porin molecules over a long period at moderate voltages

which are probably close to physiological conditions. (-)_IOO _5‘0 0 5'0 100
The slow relaxation processes with time constants >600
sec suggest that data recording should at least be in this voltage (mV)

range, i.e., >10 min, so that slow decay components can

be detected reliably. Since the time constants of slowFig. 4. Parameter values of curve fits of the normalized relaxation

relaxation processes do not decrease with increasinignetics in Fig. 2, using a combination of two exponential functions

voltages, it appears not to be justified to perform Shortela_ccording to Eq. 1. '_I'_he_diagrams contain onl_y parameters of reliably
measurements even beyosti00 mV. fitted curves. A) Equilibrium currentl.. (normalized) fort-> repre-

. . . . sents the fraction of permanently open porin chann&gT{me con-
A second benefit of our system 1Is that Or'entatlon'stantST according to Eg. 1 describe one slow) (@and one fastd)

depen(_je_nt effeCtS _COUld_be meaSL!red rePrOdUCi_bly due tQjaxation process as indicate@) (Amplitudes of the two exponential
the unidirectional insertion of porin molecules into the functions with fast and slow time constants as givengh (

]
o

N

©

E

5]

a |

C.é F ’
E
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>

1,0- 1,0

error normalized

current normalized

time (min) voltage (mV)

Fig. 6. Quality plot of fitted curves for oneaj, two (b) and three ¢)

exponential functions. The plotted values are the sums of least squares
1,0 1,0 normalized for the smallest value of each particular data curve, iden-
tifying the best fit with a relative error value of 1. At higher voltages
0.8 0,84 three exponential functions are required to describe the relaxation ki-

! netics with a combination of a fast, a medium and a slow closing curve,

0,6 ~ while two exponential functions or even a single one is sufficient at
lower voltages.

o

0,6+

0,4 . ;
0 10_ 20 30 40 describing voltage-dependent channel closing would
time (sec) have to include the history (voltage treatment) of porins
0,2- or the membrane. Interestingly, Schindler & Rosen-
0,1+ : : : ‘ busch (1981) observed residual hysteresis even after 6 hi
10 20 30 40 45 in a comparable experiment with OmpF©f coli which
. . they assigned to clustering effects.
time (min) A principle question is whether the current exclu-
Fig 5. rigral daa curves or 100 mand 100 mv 0 0 BRSO, T POl tes
played together with fit curves consisting of 1 to 3 exponential func- . . ! .
tions. The fitted curves that obviously deviate from the original dataconmbmed to the signal. There are three artificial cur-
contain only one single exponential function. The first 40 sec of the€Nt sources which have to be considered: leakage cur-
curves (insets irA, B) illustrate that the fit curves that consist of two rents, activities created by other molecules or artificial
exponential functions (dotted lines) deviate heavily from the measureceffects of the porin itself, either following ohmicV
daFa (bold lines), and indicgte that a third exponentia] function is re-characteristics or exhibiting voltage-dependent closing
quired to meet the fast closing components (smooth lines). behavior. Leakage currents through the lipid membranes
are very noisy and usually occur shortly before the mem-
membrane (Brunen & Engelhardt, 1993, 1995). This isbrane brakes down. They can easily be distinguished
of particular interest when functional data from electro-from channel signals and were not included in our analy-
physiological measurements is eventually related to thais. Side activities not showing voltage-dependent clos-
asymmetric structure of porin channels (van Gelder eing would contribute to the residual conductance and
al., 1997). As a result the asymmetric hysteresis effectsould amount to a theoretical maximum of about 15%
of current-voltage curves could be explained. Apparentand presumably considerably less as judged from re-
hysteresis occurs if the increase (or decrease) of voltaggidual currents at100 mV and beyond (Fig.A). But as
per time unit is too high for the molecules to achieveoutlined above, the maximum level of side conductance
their equilibrium level of closed channels at a certainshould even be lower than 5% and would not pose a
membrane potential. The approx. identity of current val-problem with the interpretation of data. The existence of
ues at->c with part of thel-V-diagram indicates that the conductance sources mimicking closing kinetics of
curve could approach real equilibrium levels if it were Omp34 is very unlikely but would not be discernible.
measured with an extremely long voltage period (approxHowever, protein contaminants can be excluded here ac-
20 hr). This certainly denotes a challenge for the lifetimecording to electrophoretic controls of porin purity.
of membranes. However, it would be interesting to de-  The decay of current upon channel closing at a cer-
termine whether there is a real hysteresis because modesin voltage cannot be described by a simple exponential

0,4+

current normalized
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function with Omp34. This corresponds to the findings sets of porin molecules. The same holds true for other
of Jones & Taylor (1996) with OmpF and OmpC frdtn  molecules or effectors which bind to porins (Kreusch et
coli. They therefore suggested a model with two expo-al., 1994; Delcour, 1997). It was shown that positively
nential functions representing two populations of porinand negatively charged amino acid residues are involved
molecules, one responding rapidhy £ 1 to 50 sec) the in the gating process (van Gelder et al., 1997; Brunen &
other one slowly{ = 40 to 900 sec). We found, how- Engelhardt, 1993, 1995). Therefore, local physicochem-
ever, that in the case of Omp34 even two exponentiaical conditions and molecules altering the electrostatic
functions did not describe relaxation kinetics satisfactoProperties of porins are likely candidates for creating
rily. Possible reasons for the observed differences arélifferent sets of porins. (ii) There are several open and/
that very slow processes could be better resolved due tor closed states or substates inherent to each porin mol:
long term data recording, low salt conditions support€cule with different conductance properties. The exis-
effects that lead to different closing kinetics, or othertence of various closed states has been reported for Phot
reasons such as the presence of tightly bound Iigand@,f E. coli (Berr_|er et al., 1997). (iii) Porins form static
differences in voltage sensibility, or purification effects and/or dynamic clusters dependent upon the applied
were responsible. Particularly at higher voltages thredn€mbrane potential (or other unknown parameters) that
functions could fit the data better due to the large differ-change the relaxation kinetics of a porin molecule upon

ences between the time constants and the significant IOO|theraction with its next neighbor. The existence of porin

tion of rapidly responding channels (at negative poten!Usters in lipid membranes was shown for OmpF

tials). This could mean that more than two porin popu-(Sc¢hindler & Rosenbusch, 1978, 1981) and is obvious

lations, or at least four different states (closed and open OF porins in the_ outer membrane. (iv) The lipid envi-
onment (in addition to the presence of LPS) alters the

have to be postulated. Buehler & Rosenbusch (1993)~ . . L
showed that a single active channel in a trimer with two! orin state. The capacitance of (planar) lipid membranes

; . . increases with applied voltage (Alvarez & Latorre, 1978;
magtlvated pores possessed prope;rtles oth_er than that ﬁrﬁgyama, Nakamura & Toda, 199anpublished resul}s
a single channel of a fully active trimer. It is, however,

unlikely that the three individual channels (or onl oneWhiCh may result in differences in lateral tension and
Iely ) . Y ay in turn exert an influence upon porin molecules.
active, two active and three active channels per trimer

t the three hvpothetical pori lati . o deduce or to exclude models, measurements with rig-
represent the three hypothetical porin popu'ations m.vesbrously controlled experimental conditions are required
tigated here. The channels of Omp34 behave in

. : Rvhich could reveal relevant and possibly hitherto un-
strongly cooperative manner with the selected membrang, . parameters for channel closing. The knowledge

potentials and close and open together. Less than 1% ‘H?conditions controlling channel gating will be of great

closing events could be attributed to single channel (1/3 ;e for understanding phenomena on a molecular basis
or 2/3 conductance) steps only (Mathes & Engelhardtyhen molecular models for gating are established (Wa-

1998). ] ] tanabe et al., 1997).
Another observation which does not support the as-

sumption that two exponentlal functions fu”y describe We thank Mary Kania for critically reading the manuscript. The work
the relaxation kinetics of Omp34 is, that the parameterwas supported by a grant of the Deutsche Forschungsgemeinschaft
voltage characteristics do not follow clear functions. (SFB266/D4).
One may argue that fluctuations of the curves prevent the
fitting algorithm to find ideal values, but these fluctua- Ref
tions are an inherent property of the curves (Berrier et al., eterences
1997) and may reflect the influence of an unknown butayarez, 0., Latorre, R. 1978. Voltage-dependent capacitance in lipid
relevant parameter that affects the porin properties. Here bilayers made from monolayerBiophys. J21:1-17
statistics was not a problem because about 250 poriﬁenz, R. 1994. Permeation of hydrophilic solutes through mitochon-
molecules were included. It is a challenge to develop a dr|a| outer membranes: review on mitochondrial poriBechim.

. . PR Biophys. Actal197167-196
model that includes such fluctuations, and an intriguing,, - . .

. . . . . Berrier, C., Besnard, M., Ghazi, A. 1997. Electrophysiological charac-
question Is what the various pOPUIatlonS _Or p?”” states teristics of the PhoE porin channel frafscherichia colilmplica-
are, and how they are created. Several situations can be tjons for the possible existence of a superfamily of ion chandels.
envisaged which are also relevant for porins in their Membrane Biol156:105-115
natural environment, i.e., the outer membrane. (|) Thereerrier, C., Coulombe, A., Houssin, C., Ghazi, A. 1992. Fast and slow
are (two), three (or more) distinct porin populations that ki'netic_s of porin channels_ froreischerichia colireconstituted into
differ in their transition probabilities for closing. Since  9iant liposomes and studied by patch-clafBS Lett.306:251-

. . 256
porins were shown to bind LPS and appear to depend oEishop, N.D., Lea, E.J.A. 1994. Characterisation of the poriRloo-

it for their partiCUIar functional properties (Hoenger et dobacter capsulatus 37bih planar lipid bilayers.FEBS Lett.
al., 1990; Buehler & Rosenbusch, 1991; Simet al., 349:69-74

1996), LPS could contribute to the creation of differentBrunen, M., Engelhardt, H. 1993. Asymmetry of orientation and volt-
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