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Reconstitution of vacuolar ion channeis into planar lipid bilayers
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Vacuzolar ien channels were characterized after reconstitution into plansr lipid bilayers. (1) Channel activity was
observed after incorporation of toaoplast-enriched microsomal membranes, purificd tenoplast membranes or of
solubilized tonoplast proteins, (2) Channels of varying single-channel conductarcs were detected after reconstitu-
ticn. In symmeirical 100 mmoi 1~ KCI, conductances between 1 and 110 pS were frequently measured; the largest
number of independent reconstitution evints was seen for single-channel conductances of 16-25 pS (28 experi-
menls), 30-42 pS (26), 49-56 pS (15} and 64-81 pS (15). Channel current usually increased linearly with voltage.
(3) iz asymmetrical solutions, cation-, non-selective and, for the first time for the tonoplast, anion-selective
channels were detected. Ca?*-dependent regulation of channel opening was not observed in our reconstiiution
system. (4) Permenbility was also observed for Ci ~, NG5, SO7~ and phosphate. (5) After fractivnation of torioplast
proteins by size exclusion chromatography, ion channel activity was recovered in specific {ractions. (6) Some of
thise fractions catalyzed sulfate tramsport after reconstitution into lipesomes, The results suggest that different
channels are active at the tonoplasi mer:brane at a larger number than has been concluded from previous work.

Entroduction

The large central vacuo's of plant cells occupies
upto 95% of the volume of pimnt cells, It is an effective
storage compartraent for varic s solutes whase concen-
tration in the cytosol must be controlied in order to
maintain cclivlar function. The concentrations of
cations, such as scdium, and of anions, such as nitrate
and chloride, are low in the cytosol and may be higis in
the vacuole, depending on growth conditions and the
extent of salt stress [1,2]. Concentration gradients across
the tonupiast of malate, potassium and phosphate are
adjusted in response to metabolic demands {2,3). This
requires regulated transport across the tonoplast mem.
brane. Using intact vacucias, varivus transposters have
been characterized kinetically. H*-ATPase- or H*-pv-
rophosphatase-dependent transpori was observed for
anions cuch as chloride, malate and phosphate {3-5). A
Na*-H* exchanger has been described for oat tono-
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plast vesicles [6]. Two types of rather unspecific ion
channels have been identified at the tonoplast of sugar
beet by the patch claiup technique {7,8]. These chan-
nels transport cations such as Na* and K*, but are
also permeable for anions (Ref. 9, for rcviews; see
Refs. 10 and 11). It is not yet easy to sec how they can
facilitate specific transport of different ions in vivo.

In tlis communication we reconstitute tonoplast
membrane proteins into planar bilayer membranes. In
numerous studies with bacterial and animal membrane
fractions, planar hilayer membranes have been success-
fully used to characterize pore or channel forming
activities and to identify channel proteins [12-14].

Several questions can be addresscd with this tech-
nique: (1) Are tonoplast channels reconstituted into
planar bilayer membranes in an aclive state? (2) Is
activity maintained after solubilization of the mem-
branes? (3} How many different channels can be at-
tributed to the tonoplast and what is their character-
istics? {4) Can the method be used to identify individ-
ual tonopiast channel proteins by screening fractions
from chromatographic separations of tonoplast m=m-
brane proteins for ion channel activity?



Materials and Methods

Preparation of intact vecuoles, tonoplast membranes
and microsomal tonoplast fractions. Intact vacuoles were
isolated from primary leaves of 10-12 day old barley
seedlings { Hordeum ruigare cv. Gerbel) according to
the method of Martinoia et al. [15]. Tonoplasts were
sedimented at 120000 X g and 4°C for 45 min and
resuspended in a buffer containing 10 mmol [~!
Tricine-imidazole (pH 7.6), 4 mmot 1~' MgCl, or 18
mmol {~' Tricine-imidazole (pH 7.6), 4 mmot ¢-!
MgCl, and 700 mriol 17! urea. Microsomal mem-
branes were prepared as described in Thume and
Dietz [16)].

Bilayer technigue. Samples were tested for channel
activities using the lipid-bilayer method [17]. The cu-
vette consisted of two chambers of 4 ml volume each
separaled by a diaphragm with a central hole of 0.8
mm diameter. The kole was precoated by applving 5 u!
of lipid (either phosphatidylethanolamine or diphy-
tanoylphosphatidylcholine} solution in chloroform (2%
w/v). After 5 min of air-drying, the chambers of the
cuvette wera filled with 4 ml of electrolyte solution
(100 mmol 1= KCl, 5 mmo! |~' MgCl,, pH 6.5 un-
buffered, if not indicated otherwise), Then, a solution
(2 p1) containing 1% (w/v) lipid, 10% (v/v) butanol
and 89% (v/v) n-decane was painted across the hole
with a teflon-loop. After the membrzre turned black,
the sample was added under continuous stirring. Two
calomel electrodes were used to apply a voltage be-
tween the two chambers. One chamber was held at
zero potential (trans chamber), the other at potentials
betwees + 150 mV and - 150 mV variable in steps of 5
mV {cis chamber). The zero potential-electrode was
connected to a current 1o voltzen converter based on a
Burr Brown opsrationa! amplifier. The amplifics signal
was monitored on a storage oscilloscope and proto-
cuiled on a chart recordes. The input signal was ampli-
fied by a factor of upto 10", Usually the signal was
filtered with a time resolution of 33 Hz, in some cases
of 100 Hz which is necessary t : 2duce the background
noisc caused by the large siz¢ of the lipid bilayer
membrane.

Two different appivaches were used to reconstitite
channel activity into the planar bilayers:

(1) Fusion of membrane vesicles. The osmolarity of
the sample was adjusted with urea to 700 mosmol, the
osmolarity of the electrolytc solution of the trans-
chamber was increased with urca to 450-500 mosmol,
whereas the osmolarity of the cis-chamber was heid at
220 mosmol. Sample was added to the trans-chamber.
In these experiments, phosphatidyl ethanolamine
(Avanti Polar Lipids, Birniughai:, AL, USA) was used
as lipid. The content of the chambers was stirred for
5-10 min and the changes in conductance upon incor-
porationt of channels was recorded [18]).
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(2) Reconstitution of channel proteins cfter solubiliza-
tion with Triton X-100. The tonoplast mzmbranes wcre
suspended in 10 mmol 1! Tricine-imidazole (pH 7.6).
4 mmol 1! MgCl, and 2% (v/v) Triton X-100 (Pierce
Chemical Company, Oud Beijerland, The Netnerlands)
at room temperature for 5 min. 5-10 ul samvles were
pipetted into each chamber. The reconstitution fre-
quency was unchanged when the solubilization mix was
freed from non-solubilized proteins and membranes by
centrifugation (result not shown). In these experiments,
diphytanoylphosphatiGyichohine (Avanii Polar Lipids,
Birmingham, AL, USA) was used as lipid to form the
bilayers.

Chromatographic separation of solubilized poly-
peptides. Tonoplast membranes corresponding to about
3 10® vacuotes were solubilized in 200 pl of a buffer
containing 20 mmol 1~' Tris (pH 7.2), 50 mmot 1!
NaCl and Triton X-100 at a concentration of 2% (v/v).
Solubilized proteins were separated by size exclusion
chromatography on a prepacked Superose 6 HR-coi-
umn (Pharmacia, Uppsala, Sweden), which was equili-
brated with 20 mmol 17" Tris (pH 7.2), 50 mmol 17!
NaCl and 0.1% {v/v) Triton X-100 at 2 flow rate of 0.3
ml min~"; 40 fractions of 0.3 m! weic collected. The
fractions were divided into sliquots and stored in liguid
N; (= 196°C) until further use.

Reconstingion of tononlast polypeptides into lipo-
somes. Tonoplast polypeptides were incorperated into
phosphatidylcholine-liposomes by a freeze-thaw cycle
as described in Thume and Dietz [16]. Liposomes and
proteoliposomes were incubated in the presence of
3502~ (50 Bq ul~'). Liposomes were separated from
the surroundinz medivin by applying the liposomal
suspension onto a Sephadex G-75 column. The turbid
fraction was collected and counted for radioactivity.

Reconstitution of nitrate-, sulfate-. chlorice- and phos-
phate-conducting channels. To mcasure nitrate-, sul-
fate-, phosphate- and chloride-conductartes, elec-
trofyte solutions were prepared from the corresponrding
acids. The pH value of the sclutions was adjusted to
about pH 6.5 with the impermeable cation N-methyl-
glucamine. Mg?* jons were acided in the form of
Mz-glucenate to a final concentration of S mM.

Resuits

Reconsiitution of ion channels from ronoplast-enriched
micrusomal fractions, tonoplast vesicles or solubilized
tonoplast membranes

In syinmetrical KCl-solutior, channel activity was
detected upon addition of tonoplast-enriched microso-
mai membranes ar tonoplast vesicles to the chambers.
Without adding any sample no opening and closing
events vould be detected. Fig. 1 shows examples of
current recordings which were obtained from different
samples. Usually, 2—{0 min after adding the tonoplast
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Fig. 1, Recordings of jon cf ] activities reconstituted into planar
bilayers from a wnopliest-enriched microsomal fraction (A: the time
bar corresponds to 20 <1 + 50 mV; ihe conductunce was &0 pS) or
from vzuuoiar vesicles obtained after freezing of isolaled intact
vacuoles (B; £ =10 s: +50 mV: 40 pS). or from vesicles of sedi-
mented tonoplasts (C; 7= 2 s: +50 mV: 24 pS), or from tonoplast
membranes solubilized in 0.1% Triton X-300(D: 1= 205 +50 mV:
20 pS). The chambers of the cuvette contained 100 mmol, ! KCl and
14 mmol /1 MgCl.. The elwcwolyte solution was unbuffered with a
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preparation to the chambers. frequent opening and
closing events of ion chanacls were ebserved. Channel
activity was also seen when the tonoplast polypeptides
were solubilized in detergent prior to the addition to
the chamber. Without mechanical stress, stability of
the membrancs reached up to five hours. Analysis
times for reconstituted channcls was variable, It was in
the range of 30 min to 3 h without much change in
opening and closing frequency.

Selectivity and voltagc-dependence of Iwo tonoplast
channels with 57 p§ and 24 pS

The characteristics of two channels is shown in morg
detail in Fig. 2. Voltage was varied between + 50 and
~50 mV and channel currents were recorded. The
amplitude of the currents through the channels were
linearly dependent on the voltage. The single-channel
conductance of the channels was 57 pS, and 24 pS,
respectively, After the measurement in symmetrical
K.CI solution, an asymmetricai electrolyte distribution
was cstablished by increasing the electrolyte concentra-
tion in the cis-chamber from 100 mmot 1-! KCl to 430
mmol 1= KCL Under these conditions. the reversal
potential calcuiated from the Nernst-equation corre-
sponded to +37,5 mV, A sccond current-voliage curve
was measured. Again closing and opening events of
two channels were observed. The siugle-channel con-
ductances increased after the increasz in ion concen-
tration. The conductance of the 57 o3 channel which
revealed no jon selectivity increased to 150 pS. Assum-
ing a linear relationship between ion corcentration and
single-channel conductance we would have expected a
conductance 4.3-times as high as 57 pS (245 pS). This
result indicates substrate saturation. The cenductance
of the 24 pS channel which was anion-specific (the
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Fig. 2. Weltage-dependent current of reconstituted tonoplust channels. The curvent amplitudes obtained in (.1 mol/1 KT, 0.1 mol /) CaCl, (A)
or, alte; increasing ihe KClin the cis chamber te 0.43 mol /1 (B) were znalyzed and plotted as 1-V cuives. Symbols: (4 ) = 24 psi (O) = 57 pS.



currcnt through the channel was zero at +37 mV, the
Nernist potential for Cl™) increased only to 49 pS
which indicates again substrate saturation at higher
concentrations.

Variubility of channel activities after reconstitution of
tonoplast membranes

Different ion channels showed large differences in
single-channel conductance after incorporating tonc-
piast proteins into the bilayer membranc Figure 3
summarizes vonductances which werc ooscrved in dif-
ferent experiments. The conductance steps were cho-
sen in dependence ¢i' the mean error of ihe measure-
mcnts and were based on the functional relationship
that the magnitude of the error is propertional to the
square root of the single-channel conductance. Only
charnels are included in the figure which were charac-
terized by a current analysis of at least five different
voltages. Each of these single voltage steps of every
esperiment reflects several t» more than one hundred
opening and closing events. The histogram shows that
the most frequent events of reconstitution were ob-
served for channels with a single.channel conductance
of 16-25 pS (28 experimen:s. This corresponds to a
40% probability of detection in single experiments),
30-22 08 (26), 49-66 pS (15) and 64--81 pS (15) (in 100
mmol : -} KCD. Interestingly, channel activities were
observed over the whele range from <4 pS to > 196
pS. This observation clearly needs clarification of the
possible causes for the channel heterogeneity (see Dis-
cussion). A <dctailed analysis of the channels is not
possible as long as the reconstitution is performed with
complex populations of different channels. Fig. 3 shows

that preparations of highly purified tonoplast mem-
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branes contain a large number of different channels.
Therefore, we started a chromatographic sepasation of
solubilized tonoplast proteins in order to enrich spe-
cific channels in distinct fractions.

Channel activity in fractions from chromatogrephically
separated tonoplast polypeptides

To investigate the hoterogeneity of ion conducting
activities, we separated solubilized tonoplast poly-
peptides by gel filtratica (Fig. 4A). The silver-stained
clectrophoretogram 7 the 40 collected fractions
showed good separation of most and little sepaiation
of some polypeptides. In particular, a 24 kD polypep-
tide was present in all fractions. This polypeptide is
reported to be develocpmentally regulated, heavily
glv:osylated and tends to forin higher inolecular weight
aggregates. It is also responsible for the heavy protein
stain in fractions 25-28 ({19]; Kloske, personal commu-
nication). Individual fractions were tested for channel
forming activities. Most of them showed no or little
channel activity (Fig. 4 C). Fractions 1-3 showed dif-
ferent channels with conductances of 20 pS, 30 pS, 70
pS and 190 pS. These first fractions contained unsolu-
bilized meimbrane vesicles and ther~fore are likely to
reflect the whole pattern of activitics csitained in the
starting material,

Iz fraction 6, channels were detected with = single-
channe! conductance of 4 pS in 100 mmo! 17! KCr.
Channel activites were also repeatedly found in frac-
tions 15 and 16 (4D pS and 100 pS), in fraction 335 (42
pS; Fig. 5) and in fraction 39 (42 pS). The spectrum of
channels detected after separation »f tonoplast pro-
teins by gel filtration corresponded to t.e spectrum of
channels which can be reconstituted from whole tono-

4 9

G 20 73

[A SL
25 2 K o] 9 56"

9,
90 TI(‘ 132“156%

condu r.tum:e [ pS

Fig. 3. Histogram of reconstitution events of ion channels with specific conductances. Tonoplast vesicles werz incorporated into the planar
bilayers. Channe) reconstitution events from indep uxdent experiments were ordered according to their single-channel conductance. Each event
corresponds to a channel which was characterized at ieast by five different voltages,
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plasts. Single-channel conductances range from 4 pS to
190 pS.

Fig. 4 compares the **SO? -transport activity of
reconstituted proteoliposomes with the activity profile
seen after reconstitution of tonoplast polypeptides into
planar bilayer membranes. As for reconstitution into
lipe-’mes the amount of fractionated tonoplast mate-
riai v-as limiting. SCZ~ was chosen arbitrarily as an
example o test for anion permeability. 5O5 ™ is partic-
ularly suitabic for liposomal reconsiitution experi-
ments, as the basic ratc of SO;~ uptake by phospha-
tidvicholine liposomes was very low. In fraction 6, a
single-channcl conductance of 16 pS was obscrved in
the bilayer system in the presence of 1 mol 17! sulferic
acid neutralized with the impermeable cation N-meth-
ylglucamine. This result with bilayer membrancs coin-
cides with the =ctivity of thc samc fraction in the
liposome reconstitution system.

The 42 pS channel ui ruction 35 was further charac-
terized after application of an ion gradicent. It revealed

TABLE |

Reconstitution of anion-conducting channels inio plana- tlayer mem-
branes from solubifized tonoplast mizmbranes

The electrolyte solution consisted of the anion as indicated. The pil
was adjusted to about pH 6.5 with N-methylglucamine. Mg gluconate
was present at a concentration of 5 mmol 17, The conductance was
derived from the stope of I-V curves oblained from several measure-
ments,

Ton Concentration Conductance
{mol1°%) (S}
Ci~ ol 42 20 10
NO; 0.1 57 2
503~ 0.1 9
1.0 16
H,PO; /HPO}" 1.0 10 57 t4

only a small increase in single-chanriel conductance
after the KCl concentration in the cis chamber had
been increased from 100 mmo! 1! (Figs. 5A and B) to

SO - uptake [dpm ml” fraction)
T
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Fig. 4. Channel activities detected after seconstitution of tonophast polypeptide fractions which wers olbtained by size exclusion chromatogtaphy.
Tonoplust membranes of 3 10° vacuoles were sedimented, solubiliz:d aad fractionated on supsrose 6 HR-particles as described in Mettads. Fig,
4A shows u silver stained SDS-PAGE of the ubtained tractions 1-40. In 4B, 50 gl of cach fraction were incorpurated into phosphatidytcholine
“1posoines as descriiad in Thume et ol [16] and analyzed for [¥*Slsaifate permeability. In 4C, results from incorporating ion channels inie planar

bilayer branes are

izec. Either KC1{0.! mol/1- or SO3 ™ (1 mol/))/ N-methylglucamine-permeability was investigared after adding

10 u! of the chromatographic fractions to the chambers. The numbers give the conductance of the channels iu ps.



480 mroi 17! (Fig. 5C). The intersection with 'he
abscissa shitted to —25 mY which indicates partial

cation selectivity. As the conductance only increased to for a 4.8-{nld gradient in the case of potassium perme-
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66 pS, the channcl shows substrate saturalion. We
would have expecied a reversal potentiol of — 40 m¥V
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g. . Current truces and & curve of the 42-pS channel detected in fraction 35 after size exclusion chromatography of turoplast polypeptides
on a Superose 6HR-column. ‘(hese data renresent vne example of severat independent measurements. Current recordings under symmetrical
conditions (0.1 mel /1 KCL $ mmol /1 MgCl, ) are showa in (A) a? varying voltuges. For f = 60 mV, the curren bar corresponds to 1 pA, Tor 7 < 60
mV to 0.4 pA. The current amplitudes wer: analyzed and plotted as I-F cuive (B} After lixcreasing the KOl copcgntration of the cis chamber to

0.48 mol /1, the I-¥ curve shown in {C) was chtained,
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Fig. 6. Anion permeability of reconstituicd ionoplast channels. The elecirolyte solutions were made up from the corresponding ngid al the
concentration indicated and neutralized with N-methylghicamine. The conductivities were: 42 pS for CI~. 22 p§ for NOy . 9 pS for SO; ~ and 10
pS for H.PO, (the tatter at ! molar concentration: all the others at 8.1 molar concentrativis.

ability alone. The imcomplete shift to - 25 mV suggests
that the channel also conducts Cl~, however at a about
&.7-fold lower activity than K*.

Reconstitution of witrate-, suifate-, chioride- and phos-
phate-conducting chasmels

In samples of Triton X-100-sclubilized tonoplasts,
single-channe! conductances were detected for al!
tested anions {Table 1) (Fig. 6). Channels for chloride
and nitrate had higher conductances than channels for
sulfate and phosphate. The comparison has to be taken
with carc as only the direct exchange of the cuvette
content after successful reconstitution and charac-
terization of a channel will provide clcar evidence for
the single-channel conductance of the different tono-
plast channels far various ions.

Digcussion

What can recons:itution tell us?

lon transport across the tonoplast membrane has
becn studied with intact vacuoies, microsomal mem-
brane fractions and tonoplast vesicles. The possible
involvement of jon charnnels in transtonoplast jon
transport has been discussed enly recently. Experimen-
ta1 results from patch clamp studies demonsirated the
existence of three or four diffcrent types oi ion chan-
neis in the vacuolar membrane, 2 slowly activating and
a rapidly activating channel for monovalent cations and
anions, a potassium channel and 2 Ca*-channel

[8,20,21,22). The specificity of the cation channels is
tow [7]. For this reason, iiieir function is difficult to
assess. Clearly a furthes characterization of the ion
charnels is required to fully understand their role in
ion sransport.

Two approaches zre feasable: On the one hand,
electrophysiological investigations may be extended to
more complex systems such as permeabilized proto-
plasts or cells in which possible cytoplasmic regulatory
mechanisins are stif! likely to be at work. The whole
cell configuration in the patch clamp analysis is a
powerful technique bridging the data on excised mem-
branc patches and the work with intact vacuoles. On
the other hand, we are intcrested in the characteriza-
tion and identification of ion channels for biochemical
analysis of ithe parent proteins. Reconstirution as a
method to detect channel activity after disruption of
membrane integrity is the first step to address these
questions. In this communication we demonstrate thai
tonoplast channeis cai be incornorated intc planar
bilayer memb:anes. The density of ion channels at the
tonoplast is untikely to be as high as in membranes of
cells specialized for rapid ion conductance, for example
stomata [10]. The efficiency of channel incorporation in
the planar bilayer membrane is low. The cbservation of
more than one simulianeously opening channels in ihe
bilayer system suggests (as a function of the open
protability) that more than the resolved number of
chamels have incorporated into the bilayer membrane
[23). Therefore, repeated recoustituiion of identical



channels from different tonoplast preparations pro-
vides good cvidence for the localization of the charac-
terized channel in the tonoplast membrane.

Channel heterogeneity

The large variability of channel conductance after
reconstitution of tonoplas: membranes is interesting
and puzzling. The function of plant vacuoles in specitic
compartmentation of ions requires specific transporter
proteins. With the exception of the Ca®* conducting
chanrnel, the tonoplast channels which have been char-
acterized upto now show insufficient specificity to ac-
count for the in vive observed specific ion movement.
Therefore the identification of an anion specific chan-
nel of 24 pS conductance marks an important step
tow.rds an improved understanding of ion movement
into and out of the vacuole,

Althcugh this is promissing, the diversity of channel
activities seen aficr incorporation of tonoplast matcrial
iito plana: briayers may require some discussion. The
diversity may be explainec by different causes:

(i) The tonoplast contains a larger number of differ-
ent ion channels than usuclly coneeived, The standard
methodology of the paich ¢lamp technigue allows oaly
to detect spontaneously active nr specifically activated,
for example Ca®*-regulated channels, Regulatory
mechanisms must be understocd before activity of
specifically resulated charnels can be observed. Re-
constitution of proteins into planar bilayer membranes
might ovorride regulatiop and produce channel re-
sponses different from those observed in intact sys-
tems. We favour this first explanation.

{ii) The diversity could also be caused by changes in
the molecular structure or arrangement of the channci
or other proteins during reconstitution. Proteins con-
sitting of multiple subunits may reveal altered activity
after a reduction of subunit number. Thke model of
multi-subunit (barells)-chainels is often used to ex-
plane substate levels of conductances (cf. for examplc,
Refs. 24 and 25). After incorporation into planar bilay-
ers, such substructures may catalyze ion iranport at
lower conductance. An example of such a change in
electrical characteristics after reconstitution is the K*-
permeability associated with the CFy-subunit of the
ATP synthese of the thylakoid membrane after extrac-
_tion of the hydrophilic CF\-complex [26]). Following
solubilization, reconstitution may also alter the subunit
structure of channel proteins. This was observed for
sununit 111 of the chloroplast ATPase. Reconstitution
led to various aggrogation states of the protein with
distinct conductance levels [27).

(iii} Possible contaminations of the tonoplast mem-
brane preparations with other cellular membranes or
with microorganisms could lead to the incorporation of
channels from other than tonoplast sources. As judged
from marker enzvme actvities, vacuoles isolated from

.
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barley mesophyll protoplasts are very purc and are
contaminated with other cellular mate.ial by less than
1% [28]. The media were routinely frozen to suppress
growth of microorganisms. Of course, it can aot be
excluded that in some rarc cases, channels from cther
than toncplast origin incorporats ipz0 ihe bilayer.

Enciciiient of channels by size-exclusior chromatog-
raphy

Qur results demonstrate that activities of tonoplast
channels can be scparated by chromatographic meth-
ods. This is the first step towards a molecular under-
standing of the tonoplast channels beyond the ¢lectro-
physiological characterization by patch clamp analysis.
It will be important to investigate the channel hetero-
geneity in partially purified fractions in order to under-
stand specificity of charnels asnd their role in jon
compartinentation i “ive.

The survey of tonoplast ion channels by Hedrich st
al. [7] shows that a slow-vacuolar type ~hannel exists in
all tested vacuoles. This channel has a conductance of
50~-80 pS in 100 mM KCI and exhibits low ion-selectiv-
ity. However, inter-species-variubility was jarge. Obvi-
ously, data cbtained with different methods, such as
patch-clamp and planay bilayer technique, car: only be
compared for one specific tissue and species. There
oniy exist wwo reports for barlcy wher~ tonoplast ion
channels were analyzed with the patch-clamp tech-
nigue [21,22). However, quite different conditions were
chosen by the authors for their analysis. In 250 mM
KCl, a single channel conductance of 121 pS was
reported by Kolb et al. [21], whereas a conductance of
60-80 pS was observed by Hedrich et al. [22] in 50 mM
K,malate. Kolb et al. [21] did not characterize the
specificity towards K* and Cl~. In the case of Bedrich
et al. [22], K* was about twice as permeable than
malate at pH 7.3. Although, we alsu detected single-
channe! conductances in the range of 60~80 p3 in 100
mM KCl, this type of channel was less frequently
observed than chonnzls with lewe, conductance. Inter-
estingly, both 2roups describe a voltage-dependznt
open probability of the tonoplast charnels. Qur here
reported channels did not reveal such behaviour. This
may be caused by the solubiiization of the chanael
proteins, followed by reconstitution into artificial bilay-
ers 'vhich in contrast to the polar tonopiast has sym-
mecrical properties.

Caly (partially) purified fracticas of onoplast pro-
teitss will allow to characterize specific types of tono-
plast channels in deteil.
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