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Abstract. Removal of extracellular divalent cations ac- ence of C&"inactivated CI channels. However, this
tivated a CT channel in the plasma membraneX#no-  egg CalC revealed an altered sensitivity to extern&Ca
pus laevisoocytes. This so-called hinactivated CI concentrations.
channel (CalC) was present in every oocyte and was All these data confirm and extend our previous ob-
investigated using two-electrode whole-cell voltageservations on the CalC and give clear evidence that this
clamp and single-channel patch-clamp techniques. Bechannel is peculiar among all Cthannels described up
side other CI channel inhibitors, anthracene-9-carbox-to now.
ylic acid (9-AC) and 3azido-3deoxythymidine (AZT),
a nucleoside analogue commonly used as an antivirgkey words: Xenopuocytes — CI channel — Calcium
drug, blocked at least partly the CalC-mediated currents— Selectivity
Using the CI-sensitive dye 6-methoxy-N-(sulfopro-
pyl)quinolinium (SPQ) we could visualize the transport _
of CI” from the oocyte cytoplasm to the surrounding Introduction
medium after activation of the CalC by €aremoval.
In the absence of external Thnd C&", the emission Oocytes of the South African clawed toXeénopus lae-
intensity of SPQ declined continuously, indicating a Vis are a widely used model system for the investigation
quenching of fluorescence by the efflux of Gh the  Of membrane transport systems. These cells endog-
millimolar range. In the presence of external?Gano  enously exhibit a whole orchestra of ion channéty (
emission changes could be observed during the sami&view seeDascal, 1987), cotransporters (Weber,
time period. Chelating external &ain absence of CI  Schwarz & Passow, 1990) and ion pumps (Vasilets &
immediately activated CGa-inactivated CT channels Schwarz, 1994). The fully growiXenopusoocyte is a
leading to subsequent emission decrease of SPQ. large cell of about 1.2 mm in diameter. This size and the
Investigations on the selectivity of the CalC re- convenient handling of these cells make manipulation
vealed only poor discrimination between different an-€asy and permit the application of several different tech-
ions. With single-channel measurements, we found afiques on a single cell. Especially, combinations of
anion selectivity sequence  Br~ > CI” > gluconate as  €lectrophysiological techniques with biochemical, mo-
it is also typical for maxi Cl channels. lecular or optical methods allow the detection and pro-
Contrary to the majority of all other transport sys- found characterization of transport systems.
tems of theXenopumocyte, which show reduced activity All these advantages made the oocytes the favored
due to membrane depolarization or endocytotic removagXpression system for foreign mRNA. Moreover, oo-
of the transport protein from the plasma membrane durcytes have a high capacity for translation, synthesizing
ing oocyte maturation, the CalC remained active inmore than 20 ng of protein per hour. In recent years this
maturated oocytes. Single-channel measurements ogxpression system was successfully used for the enlight-
maturated oocytes, also known as eggs, showed the pregdment of various transport systems ranging from ion
channels of a wide variety of animal and human tissues
and even of plant proteins (Sigel, 1990).
I However, if one has the intention of using the oocyte
Correspondence tow.-M. Weber expression system, it is necessary to know whether or not
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the oocyte endogenously already possesses the transpbathed for 5 hrin oocyte Ringer (ORige beloycontaining collage-
system under investigation (Weber et al., 1991). ThougHase (1 mg/ml, Serva, Helde_lbgrg, Germany)_. After washing, the oo-
many believed that almost all transport systems of the&ytes were placed for 10 min in &afree ORI. If necessary larger

oocvte had been explored. adain and again new repor lusters of remaining follicle cells were removed manually with small
y Xp » agal gal w rep rceps. Defolliculated oocytes were stored at 18°C in ORi supple-

about hitherto unknown transporters and channel$ented with penicillin (20 mg/l), streptomycin (25 mg/l) and pyruvate
emerged. Recently, there were some reports about io.5 mv) until the oocytes were used for the experiments. Measure-
channels in the oocyte membrane that had not been derents were performed with oocytes between one and five days after
scribed up to now. One of these newly discovered transpreparation. Only healthy-looking, full grown oocytes (stage V or VI,
port systems endogenous to the oocytes was an amildumont, 1972) were used foor the experiments, which were performed
ride-sensitive Naconductance, which shares some prop-2 /0°m temperature (22-25°C). . . .

. . . . In vitro maturation was induced by incubating the oocytes in
erties with eXpressed eplthellal Na_hanr_]els (Weber et progesterone (0.im) for 6 hr and were considered maturated when the
al., 1992), but could be clearly distinguished from theseso.-called “white spot” appeared, which is a visible sign for germinal
epithelial Nd channels by its insensitivity for benzamil vesicle breakdown (Weber et al., 1295
and phenamil (Weber, Liebold & Clauss, 1995). Two
other recently discovered transport proteins are & Na SOLUTIONS
Ca* exchanger (Schlief & Heinemann, 1995) and a
Ca*-inactivated monovalent cation conductance (Arel-The composition of ORI was (in m): 90 NaCl, 1 KCI, 2 CaGland 5
lano, Woodward & Miledi, 1995). N-2-hydroxylethylpiperazine-Nethanesulfonic acid (HEPES), pH

Another new unraveled transport system of thewas s_et gt 7.4. Gé—free_solutions were buffered with O.5Nrrethyl'-
Xenopusoocyte plasma membrane, aXGinactivated enediamine tetraacetic acid (EDTA) or ethyleneglycol Bis(

_ . aminoethyl ether)-N,N,NN’-tetraacetic acid (EGTA). For Néree
CI” channel, was described recently (Weber et al"solutions Na was substituted by tetramethylammonium (TK)Aor

199%,b). This CI' channel is blocked by micromolar N-methylo-glucamine (NMDG). All substances, if not stated other-
doses of external Gaand is inhibited by several known wise, were purchased from Sigma (Deisenhofen, Germany).

CI™ channel blockers, such as flufenamic acid, niflumic For patch-clamp experiments on oocytes the pipette was filled
acid and DPC while DIDS has further activating poten_With a.divalent ion-free solutiop .containir.lg NMDGCI or NaCl '(100
cies. Single—channel analysis in the cell-attached Conr_nM) with EGTA (1 mm). Selectivity experiments were accomplished

figuration revealed a Clchannel with a conductance of with different bath media: NMDGCI, NaCl, NaBr, Nal or Na-gluconate
g (100 mm respectively). For measurements on eggs, solutions with low

about 90 pS and slightly outward rectification. Contrary jopic strength (pond water imitate5 mv NMDGCI) were used for
to all other known transport systems of the oocytes, thisathing the oocytes. In this case®Gaontaining and Cii-free solu-
CI” channel is not downregulated when the oocyte un-ions were buffered with EGTA (1 m) supplemented with mannitol
dergoes maturation, arguing for a role of these channel€00 mv) and adjusted to pH= 7.4 with NMDG" and HCI.
in the further developmental fate of the oocyte.

Here we report some more details about thi$'€a Two-eLECTRODE VOLTAGE CLAMP
inactivated CI channel, also termed CalC (Weber et al.,
19953)_ We show that the CalC is also inhibited by an ndividual oocytes were placed in a small plexiglas chamber (1 ml
antracene derivate and by an antiviral drug used to figh¥olume) and were superfused constantly with a flow rate of about 2

ml/min. Conventional two-microelectrode voltage clamp was per-
HIV-related symptoms. We also demonstrate that thqormed as described previously (Weber et al., 1992). Briefly, mem-

transport capacity of this channel is high enough to beyrane potential and current-voltage relationshipsdurves) were de-
come visible with optical methods by quenching &-Cl termined with a voltage clamp amplifier (OC 725B, Warner Instru-
sensitive dye. Single-channel analysis revealed onlynents, Hamden, CT). The voltage and the current microelectrodes
poor selectivity for ClI over other anions. All the data were filled with 1m and 3w KCl, respectively and had resistances from
on the CalC available up to now cIearIy indicate that thiSl to 5m(. The bath electrode was an Ag/AgCI pellet. If not stated

channel is peculiar among all Cthannels investigated otherW|s_e oocytes were clamped to a holdlng potential of -60 mV and
so far the holding current was recorded with a strip chart recorder. For de-

termination of current-voltage relationships, steady-state current was
measured during the last 100 msec of 500-msec rectangular pulses tc
different potentials from —150 to 50 mV in steps of 10 mV. These
Materials and Methods pulses were applied with a frequency of 0.25 Hz using a personal
computer connected via an interface (CED 1401, Science Products,
Hofheim, Germany). The software for the pulse protocol and the data
OOCYTES acquisition was kindly provided to us by Drs. L.A. Vasilets and W.
Schwarz (Max-Planck-Institute for Biophysics, Frankfurt/Main, Ger-

Defolliculated oocytes oKenopus laevisvere obtained following ex- many).

perimental protocols described in more detail previously (Weber,

Schwarz & Passow, 1990). South African clawed toads (purchase@atcH CLAMP

from African Xenopus Facility, Noordhoek, South Africa) were hypo-

thermally anaesthetized and small pieces of ovary were removed. ThPatch-clamp pipettes were pulled from borosilicate glass (Hilgenberg,
oocytes containing lobes were cut into small pieces mechanically and/alsfeld, Germany) on a two-stage puller (Narishige, Tokyo, Japan).
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The pipette resistance was about1® in symmetrical 100 m NaCl OpPTIcAL MEASUREMENTS
solutions.

Pat_ch-clamp measurements were accomplisﬁed on devitellinateghocytes were placed in a small plastic chamber on an inverted micro-
oocytes in the cell-attached or inside-out mode using the LM-PC patchscope attached to laser confocal microscope (MRC 1000, Biorad,
clamp amplifier (List-electronic, Darmstadt, Germany). Data acquisi- Hemel Hempstaed, UK). NaCl in the bathing solution was substituted
tion and analysis were achieved with a TL-1 interface (Axon Instru- by Na-gluconate and Cagy CaSQ, which contained at least 1.8um
ments, Foster City, CA) and a personal computer running pCLAMPfree C&*, respectively. 10 m of the CI-sensitive dye 6-methoxy-N-
version 5.5 (Axon Instruments, Foster City, CA). Current traces from (sulfopropyl)quinolinium (SPQ, Molecular Probes, Eugene, OR) was
ramp or rectangular pulse experiments were stored directly on hard disgqdded to detect chloride ions which left the oocyte througR*Ca
with 512 samples per trace, whereas long time data were stored withhactivated C channels in C&-free solution, which contained at the
~10 dB on a modified conventional DAT recorder (AIWA, Tokyo, most 1um free C&", or after CZ* chelating by addition of EDTA
Japan). An 8-pole Bessel filter (Frequency Devices, Haverhill, MA) (final concentration 5 m). Measured was the decline in fluorescence

was used for low pass filtering (550 or 1550 Hz) and amplification (10 intensity caused by the quenching effects of chloride ions on the fluo-
dB) of the tape stored data. The data were digitized for computefescence dye SPQ.

analysis with at least 0.5 msec sampling time.
Mean currents of a patcH (.., = Q/At) were determined by
integrating current tracesQj obtained by rectangular voltage-pulse SraTiSTICS
experiments. Baseline currents that exhibited no detectable channels,
were termed as background currents because they were also voltagghere applicable, data are expressed as arithmetic meass; + is
and ion dependent (Weber et al., 1825Mean CalC currentsld  the number of oocytes arid is the number of female donors. Statis-

were calculated by integrating current traces with CalC openings minug;.q analysis was made Hytest where appropriate: significant differ-
the above-mentioned background currents. Membrane pote¥fl ( once was assumed Bi< 0.05.

was monitored as negative pipette potential in the inside-out mode and

was calculated in the cell-attached mode from measured resting mem-

brane potential minus pipette potential. R It
For minimization of diffusion potentials, an agar bridge filled esults

with 0.5 m NMDGCI was used as a reference electrode in the bath.

Liquid junction potentials were measured by exposing the patch pipett
to the different bath solutions and corrected. Membrane potentig)s ( GSELECTNITY OF THE CalC REVEALED FROM

of oocytes and eggs were recorded by penetrating the cells with §NGLE'CHANNEL EXPERIMENTS
microelectrode filled with NMDGCI solution (100 m) free of divalent
cations. The microelectrode was connected to a patch-clamp amplifieFor single-channel analysis currents induced by removal
(L/M-PC). EIect_rode offset was adjusted in th(_e search mode\e,nd_ of external C§+, as described throughout this paper,
was measured in the current clamp mode using the current-monitofya e recorded from oocytes after removal of the viteline
output of the amplifier and stored on a strip chart recorder. e . .
layer, indicating that the transport system under investi-
gation is located in the oocyte plasma membrane. Deple-
CURRENT CONVENTION tion of extracellular divalent cations evoked outwardly
rectifying CalC currents in whole-cell two-
Flow of negative charge (i.e., Qlfrom the cytosol of the oocytes is  microelectrode voltage-clamp and cell-attached patch-
conventionally termed inward current and plotted downwards in all clamp experiments. Comparison of current-voltage rela-
graphs. tionships [V curves) obtained with both techniques ex-
hibited a similar voltage dependence of CalC currents
SELECTIVITY MEASUREMENTS (Fig. 1A and B). Whole-cell currents through €%
inactivated CI channels and single-channel fluctuations
The relative permeabilities were calculated by applying the Goldman(cell-attached mode) reversed in the range of the ex-
Hodgkin Katz (GHK) equation (Goldman, 1943). For monovalent an- pected reversal potential for Tin oocytes. The Cl
ions A with respect to Clthe GHK equation can be written in the form:  rayarsal potential varies within the range of —18 to —35
mV according to the intracellular Clconcentration of
individual oocytes (Dascal, 1987). The two-electrode
whereP are the permeability coefficients for the respective iérend voltage. clamplV relatlon§h|p reﬂeCt_S Steady'_State 'Qn
Cl: F = Faraday constanB = gas constanf| = temperature= 298 fluctuations evoked by divalent cation depletion while
K), i is the cytoplasmico the extracellular side and,, is the reversal ~ patch-clamp currents represent ion fluxes through the
potential. When Glwas completely substituted by an aniépand A, CalC without background currentsde Materials and
was zero, Eq. (1) could be simplified to: Methods).

For selectivity studies on the CalC with the patch-
clamp technique, inside-out patches were used so that the
and for monovalent catiorts with respect to Cl the equation could be CytO,SOIIC side of _a single patch could eas")/ ,be ex_pF’Sed
modified to: to different solutions. However, patch excision elicited

frequently enhanced single-channel conductances of the
V,o, = RT/FIn (Po/Pg) [C.l + [CLl/ (P/Pe) [C1+ICLD)  (3) CalC (up to 300 pS) and the simultaneous loss of recti-

Viev = RTIFIn ((PA/Pcy) [A] + [CL]) / (PA/Pc [Ad +[CL)) (1)

Viev = RT/FIn ((Pa/Pc)) [A]/[Cl]) @)
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A exchange of bath NMDGCI with NaCl (both 100mhn

I (WA) caused a depolarizing shift &, of about 7 mV. This
fact might point out the possibility that the CalC had a
lower permeability for N& than NMDG' possibly

L caused by different selectivity mechanisms.
Subsequent substitution experiments with NaBr and

30 / L Nal solutions led to further depolarizing shifts ®f,
, , , : : : T Vm (mV) (10.1 and 13.6 mV, respectively) whereas substitution
90 -70 -50 -10 | 10 30 with Na-gluconate elicited a hyperpolarizing shift to —20
O/O/O/ -1 mV (Fig. 3). The table gives the parameters of a single
L -2 oocyte representative for several experiments=(3, N

= 3). All reversal potentials given in the table were

-3 calculated relative tov,,, measured with NaCl in the
bath solution.V,, of the curves in presence of NaCl was
normalized to 0 mV before calculating the permeability

B Icaic (F;A) ratios according to Eq. (2).
/ CalC DURING MATURATION
90 -70 -50 %0/' Up to now, only data on the fate of the CalC during
— 0 | 10 30 Vm (mV) maturation obtained from experiments with two-
/ r electrode voltage clamp were available (Weber et al.,

- -2 1995). To extend these observations we now applied the

L patch-clamp technique to maturated oocytes, termed

L 4 eggs, and investigated the role of the CalC in these eggs

when exposed to pondwater imitate where they are nor-
Fig. 1. IV relationships of the CalC during €adepletion. Shown are  mally spawned. Eggs did not depolarize after exposure
typical traces out of a pool of several measurements as indicated belowg divalent cation-free pondwater as oocytes did when
Traces are difference curves in the presence and absencéof(Ga exposed to divalent-free Ringer solutions (Weber etal.,
Two-electrode voltage clamp “steady-state” whole-cell currents=( 199%). Prick activation of eggs was also uninfluenced
7N = 3). (B) Mean CalC patch currents in the cell-attached mOdeb divélent cation-free pondwater imitate, indicating the
obtained from rectangular pulse experimemts< 3, N = 3). y - p . ! 9

absence of CalC actlvatlohlm measurements on eggs
were accomplished in pondwater imitate in the presence
and absence of G4after insertion of a potential elec-

fyin roperties in symmetrical solutions. In cell- . . Lo
a{taghgd rﬁeasurementys the main conductance state of t r(e)de. This pricking frequently evoked egg activation af-

CalC was about 90 pS and showed moderate outwar Iarlsa;:;\r/t dfrll?é Ogslairmm. riisgggvg]t?oﬂbvrvae?g Eg:ﬁ_n_
rectification in channel amplitude and mean current, for m g gp

the selectivity analysis we used only this conductancéj‘rjlr"’lbleJ,In high .(2 m; Fig. 4A), '°".V (.10 um; Fig. 48)
: ; . and C&'-free (Fig. £) pondwater imitate.
state. Inside-out patch-clamp experiments with rectan- : -
The presence of a high conductance €lrrent was

gular voltage pulses are shown in FigA 2nd B using . -
. ! . . " proved in attached patches on partly devitellinated eggs
symmetrical solutions (NMDGCI:100 m) with a sub (Fig. 5). A high ionic pipette solution (NaCl: 100mm

sequent bath solution change to a lower NMDGCI con-, 5} :
: . . . Cé&™: 100 nv) was used and the bath solution was pond-
centration (10 m, adjusted to 200 mosm with mannitol). water imitate with C& (2 mm). Under these conditions,

The same experiments were performed with VOItageCalC-like channels exhibited a slope conductance of ap-

ramps, but the results showed that the current reSponS%Sroximately 200 pS. a reversal potential of about —20

allowed only a qualitative determination g, (data not mV and gating properties which were similar to the CalC
shown whereaslV curves constructed from current in oocytes

traces of rectangular pulse experiments permitted reli-
able identification of reversal potentials (Figh 2ndB).

V,ey Was about 0 mV in symmetrical solutions and ex- BLocker KINETICS oF THE CalC IN WHOLE

hibited a hyperpolarizing shift 23 mV in an unsym-  CeLL RECORDINGS

metrical (10:1) solution. Using Eq. (3x€e Materials

and Methods) a relative permeability ratio of g/  Using conventional two-microelectrode voltage-clamp,
P.- of 0.31 was calculated indicating that CalC discrimi- oocytes were held at holding potentials of -60 mV and
nated poorly between NMDGand CI. Sur-prisingly, the resulting clamp currents were recorded. Thé*Ca
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A
NMDGCI (100 mM) 10pA NMDGCI (10 mM)
B
oA 0 NMDGCI (10 mM)
15 O NMDGCI (100 mM)

Fig. 2. CalC sensitivity between the anion™CI
and the cation NMDG measured in the inside-out
mode. @) Rectangular voltage pulse experiments
with symmetrical NMDGCI solutions (100 m) in

40 -30 20 - the pipette and bath (left) and a subsequent change
T y g Vm (mV) of the bath solution to 10 mn NMDGCI. (B)
10 20 30 40 CorrespondingV relationships derived from the
r -5 current traces shown irAj. Reducing the bath
concentration of NMDGCI from 100 mnto 10
L-10 mm resulted in a hyperpolarizing shift of -23 mV.

I (pA) O Na-gluconate Ca* with large inward currents carried by TlThese

o NaCl inward currents could be partly blocked by anthracene-
L]

[ ]

NaBr 9-carboxylic acid (9-AC).IV curves in presence of this

Nal
/ ? blocker showed markedly reduced currents (Fig. 6) in-
e VmmV) dica.ting the inhibitory potency of 9-AC on CalC-

20 30 40 mediated currents.

The antiviral drug 3azido 3-deoxythymidine (AZT)
was recently shown to inhibit swelling-induced €han-
nels in NIH 3T3 fibroblasts (Gschwentner et al., 1995).
This thymidine nucleoside analogue also exhibited in-
Fig. 3. CalC discrimination between the anions gluconaté, Bi” and hibitory potency on the C&-inactivated CI channel.

I” measured on one patch in the inside-out mode. The pipette containeftigyre 7 depicts that the holding currents induced by

NMDGCI throughout (100 m) and different sodium salt solutions removal of external C4 were at least partly blocked by
(100 mv) were applied to the cytosolic side of the patch.
AZT (200 pm).

Table. Selectivity of the CalC
OPTICAL MEASUREMENTS

- Br- ClI~ Gluconate
Investigating the movement of chloride through cell
View (MV) 66 3.1 0 <20 membranes is seriously hampered by the limitations of
Panior Per 1.30 1.14 1.00 <0.35

Conductance (pS) 232 275 275 =265 most of the current techniques: Methods based on mea-
surements of®Cl~ have poor sensitivity because of the
low specific activity of this isotope and Tkensitive
microelectrodes have meager chloride ion selectivity.
inactivated CI channel is blocked by several well- Therefore, we used a recently developed fluorescent in-
known CI' channel inhibitors as DPC, flufenamic acid dicator to make visible how chloride ions are transported
and niflumic acid (Weber et al., 198%). To further by C&™-inactivated CT channels in the absence of ex-
characterize this Clchannel, we tested two other com- ternal C&" or after removal of C& from the bath solu-
pounds for their ability to block the G&inactivated CI tion. The fluorescence intensity of 6-methoxy-N-(sulfo-
channel. Oocytes responded on removal of externapropyl)quinolium (SPQ) is quenched upon collision with
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A vmmv) 20 pA Vm (mV)
} 80

- t(min)

-40 /F activation
pricking - 10
G~ 200 pS

*/*/ ———— Vm (mV)
-40 -20 20 40 60 80
L-10

t (min
i t(min) Fig. 5. Attached measurement on an egg exhibiting a CalC-like chan-
15

nel of about 200 pS. The pipette solution contained NaCl (100 amd
Ca* (100 rv); the bath solution was pondwater imitate.

4\ 4\ . the experiment. Oocytes were placed in-€ke solu-
pricing 2ten tion in presence of 2 m C&* and 10 nw SPQ. In the
first part of the experiments the emission intensity of
Fig. 4. Membrane potential measurements and prick activation on egg©SPQ remained constant (FigB deft part). Instantly af-
in low ionic media (pondwater imitate) with and withoutTa(A) 2  ter addition of EDTA (final concentration 5 w) the
mm C&* (B) 10 pm C&* and C) Ca*-free. emission intensity decreased indicating an activation of
Cé&™-inactivated CI channels and an accumulation of
_ ) L _CI” in the bath medium (Fig. B, right part). In control
CI” and undergoes a 50% decrease in emission INtensiyy, e riments in the absence of oocytes, addition of EDTA
in 10 mw chloride (Verkman, 1990). When oocytes paq no detectable effect on the emission intensity of

were kept in Cl-free solution in presence of 2unCa’ SPQ. This fact gives clear evidence that the observed
and 10 nm SPQ no changes in the emission intensity ofjycrease in extracellular Clis due to a Cl transport

the Cl-sensitive dye were observed for more than 754,y the inside of the oocytes to the bath medium me-
min (Fig. 8A, upper trace). This experimental protocol diated via the CalC.

clearly showed that during the measured time no detect-

able quenching of the fluorescence could be found mean-

ing that no appreciable loss of Tfrom the oocytes Discussion

occurred. However, when oocytes were bathed i Cl

and C&'-free solutions, the emission intensity of the The results of this paper confirm and extend our previous

Cl -sensitive fluorescent dye SPQ declined continuouslyobservations that oocytes ¥énopus laevisontain a CI

to 60.7 + 2.2% i = 16, N =3) of the initial intensity  channel, which is inactivated by submillimolar doses of

value within 75 min (Fig. 8, lower trace). These data external C&" and is immediately activated upon lower-

give strong evidence for a transport of chloride ions ining the external C&-concentration below a certain

the millimolar range from the inside of the oocytes to thethreshold (Weber et al., 198%). In the present study,

bath medium via the Clchannels, which were activated we used one of the outstanding advantages thaX¢me-

by the removal of external & pus oocyte offers: the possibility to combine different
In an additional set of experiments we activated thetechniques on a single cell. Concretely, we supple-

Ca*-inactivated CI channels by chelating Gaduring  mented electrophysiological measurements with data ob-
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UA 3r ./.‘.\
L
o ORi 2L /
2+
e 1uMCa _.
q
v 1uM Ca?* + 500 mM 9-AC !
V/V\V_V/V
[y
v, —_——
L 1 ] — Q—~0—0 ?
s R R 50
V/V/V/V/V /o/ * a1k mV
v—y— /.
{ ]
o
o« 2+ _
o Fig. 6. Effect of 9-AC on the CalC currenty
/./ curves in absence (filled circles) and presence
./° 3+ (open triangles) of 9-AC under E&afree
e conditions and with 2 m C&* in the bath
N s solution (open circles). The curves are typical for

6 oocytes of 2 animals.

tained by optical methods. By using a recently devel-
oped CT-sensitive dye (Verkman, 1990) we were able to
visualize the activation of the &inactivated CT chan-
nel. Unfortunately, our present equipment did not allow
us to monitor fluorescence changes under voltage-clamp
conditions.

The CrI'-sensitive dye that we utilized (6-methoxy-
N-(sulfopropyl)quinolinium, SPQ) has several advan-

tages over traditional Cldetection techniques. Beside ‘é

the high sensitivity and its strong selectivity for Cl o

SPQ and related analogues are highly polar and mem- 8 low qu"
brane impermeant (Verkman, 1990). So, we could be 10 min AZT

sure that the observed effects were not attributable to an
uptake of the dye '”tQ the oocytes. Moreover, the dye Iﬁiig. 7. Effect of AZT on the CalC current. Holding current of an
stable over a long period (>2 hr) and shows no detectablgocyte clamped to -60 mV. Removal of €eevoked large inward
loss of fluorescence during the measured time intervalcurrents (right part of the trace) which could be blocked partly by AZT
Interactions with Cl channels could also be excluded (200 ww; left part of the trace). The broken line indicates zero current
because studies &fCl™ uptake in the presence and ab- Iev_el. Shown is a typical trace representative of 9 oocytes from 3
sence of SPQ showed that SPQ itself did not inhibit or2Mmals:

activate chloride transport (Verkman, 1995).

Under C&*-free conditions, the intensity of the Tl inhibitors used for the present study showed only incom-
sensitive dye SPQ decreased within 75 min by abouplete blocking of the CalC. 9-AC reportedly blocked ClI
40%. With 10 nv CI” in the solution one would obtain channels in several different cell types with lower effi-
about 50% decrease in emission intensity (Verkmangcacy than other Clchannel inhibitors (Ggelein, 1988;
1990), indicating that the G4inactivated CT channels  Koumi, Sato & Aramaki, 1994; Jentsch, 1994). This low
translocated Clin the millimolar range from the oocytes affinity or weak specifity could also be seen for the
cytoplasm to the surrounding bath solution during theCalC: High concentrations of the blocker (20®) re-
measured time interval. Although fluorescence intensitysulted only in 80% inhibition of the total currents medi-
measurements showed useful results, the sensitivity aited by the CalC. Even higher concentrations had no
this method is quite lower than the resolution of electro-further effect.
physiological techniques and yielded only raw valuations ~ Azidothymidin (AZT), a nucleoside analogue used
about the transport capacity of the CalC. Therefore diin the treatment of viral infections was recently demon-
rect comparison of optical and electrophysiological datastrated to act also as aGlhannel blocker (Gschwentner
is not possible. etal., 1995). The drug which is utilized in the therapy of

In an attempt to further characterize the®Ga human acquired immunodeficiency could block the CalC
inactivated CI channel, we evaluated the responses ofat least partly, though quite high concentrations of about
this channel to two further Clchannel blockers. Both 250 um were necessary.
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A wardly rectifying properties of the CalC currents in the

range from —90 to 30 mV. The small differences of

CalC patch currents in contrast to whole cell measure-
ments may reflect further nonselective cation conduc-
tances which are activated by depletion of extracellular
Cca*. Such conductances, which could not be further
resolved, were already identified in patches as back-
ground currents (Weber et al., 1395 However, both

B EDTA - Ca techniques revealed an identical sensitivity to external
C&* and a reversal potential near the” @quilibrium
l potential (-18 to —35 mV). Because of the large con-

****** ductance and high density in oocytes this channel is re-
5 min sponsible for the giant currents in two-electrode whole-
cell voltage clamp recordings in absence or divalent cat-
Fig. 8. Optical measurements with SPQ. Shown are relative changes iHoNs In the e)ftrace”u'ar medium. o
the emission intensity of SPQ. Downward reflections represent accu- When shifts of the reversal potential in dependence

mulation of CrI' in the bath solutions, broken lines indicate zero fluo- of the extracellular Clconcentration were measured, the

rescence levels.Aj SPQ in presence of €ashowed no change in - CalC appeared to be perfectly selective for the anion Cl

emission over the whole experimental periode (upper trace). In th(—i‘n whole cell experiments (Weber et al., 1895 How-

absence of G the CalC of the oocytes was active and transported Cl L . L

to the bath medium demonstrated by a decrease in the emission intel?—ver’ 'nS|de'Ol_"t patph-qlamp mvestlgatlons. r?vealed a

sity of SPQ (lower trace). Shown are typical traces out of a pool offather weak discrimination between the anion @hd

experiments with 16 cocytedl(= 3). (B) Again in presence of Ga  the cation NMDG and yielded a ratio of 1:0.31 (Tl

the emission intensity of SPQ stayed constant (left part of the trace)NMDG*)_ Based on all the above given observations the

Immediately after chelating the extracellular Zavith EDTA, the CalC can be classified as a maxi @hannel with only

CaIC_Was gctlvated and measured as an accumulation af @ie bath _poor selectivity for Cl over gluconate and NMDG

solution (right part of the trace). The results shown are representatw&% . .

of 8 oocytes N = 3). Note the different time scales /andB. uch quite unselective Ckchannels had also been de-
scribed from rat skeletal muscle (Blatz & Magleby,

1985) and rat hippocampal neurons (Franciolini & Non-

From the comparison of all substances used to block'€"> 1987). _ - _
the CalC (Weber et al., 1995a) it becomes obvious that _R€cently, an inwardly rectifying current carried by
flufenamic acid is the inhibitor with the highest affinity Cations was investigated iXenopusoocytes, which
for this channel. Therefore, if an experimental designcould be activated by removal of external divalent cat-
requires the absence of divalent cations in the solutiodons or by applying positive voltages (Arellano, Wood-
surrounding an oocyte and an activation of the CalC igvard & Miledi, 1995). Contrary to the results described
unwelcome, the experimenter should add flufenamic acidn that paper we found no such inwardly rectifying cur-
to all solutions. In this case, 8@m are able to block rents upon depletion of divalent cations in the extracel-
99% of all C&*-inactivated CT channels present in the lular medium. This might depend on the different meth-
oocyte. If only C&" has to be substituted the presence ofods for constructingV curves. Arellano et al. (1995)
1 mv Mg?*, B&" or SP*, respectively, prevents an un- analyzed peak currents immediately after application of
desired activation of the CalC. During our experimentsthe test pulse whereas our measurements refer to steady
with different blockers we also found that TEA (tetra- state currents recorded during the last 100 msec of the
ethylammonium, 20 m) and ouabain (2um) had ab- 500 msec test pulsesde alsdMaterials and Methods).
solutely no effect on the CalC. Moreover, the cation-mediated current described by Ar-

Combining single-channel data with results fromrellano et al. (1995) is inactivated during maturation
whole-cell recordings we calculated that one oocyte poswhereas the anion-carried CalC remains active in eggs.
sesses on average abouf O&IC molecules. Given that The oocyte plasma membrane was reported to be
the oocyte surface is abb x 10 um? (Vasilets et al., poorly permeable for the big cation NMDGCosta et
1990) the average channel density is nearly one channeal., 1989). However, in case of the CalC NMD@as
molecule per 20 square microns. That is approximatelyeven more permeable than the small catior.Nanal-
the area of the patch pipettes that we used for the presegsis of CalC amplitudes in the presence of different
investigation and demonstrates that the opportunity t@nions revealed an anion selectivity sequencd.3) >
find a channel in the patch is quite high, and one CalCBr~ (1.14) > CI' (1.0) > gluconate (0.35). This selec-
might be present in nearly every patch. tivity sequence reflects the hydrated size of the utilized

Single-channel data in the cell-attached mode andhalides (Dascal, 1987) and was reported from several
results from whole cell recordings exhibited slightly out- other CI' channels (Frizzell & Halm, 1990; Dixon &
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Martin, 1993; Cahalan & Levis, 1994). A similar selec- Cross, N.L., Elinson, R.P. 1980. A fast block to polyspermy in frogs
tivity pattern was also found for C&activated anion mediated by changes in the membrane potenbaivelop. Biol.
channels of theXxenopusoocyte incorporated into lipid 75:187-198 _
bilayers (Young et al., 1984) and for anion currents in_DascaI, N. 198_7. The u.se c)(enopusoocytes for the study of ion
VeStigated inXenopu%ggs (Webb & Nuccitell, 1985)' Dixg:agnl\el:sgli/:z;’tli-\r’]e\lg JBI(;.(;ZZmIZDiE:::;Iz: and chloride channels in
Eggs of anuran amphibians are extruded into pond- Ascaris suum. Parasitol. Todeg/341_34f

water for fertilization (Sardet & Chang, 1987). Although o . .
the eggs are surrounded by jeIIy coat known to retainDumon.t, J.N. 1972. Oogenesis Xenopus laevigDaudin).J. Morph.

. " ) . . 136:153-180
hlgh ca ancentratlons (I.Shl_hara etal, 1984)’ eXpOSI-Franciolini, F., Nonner, W. 1987. Anion and cation permeability of a
tion to media of such low ionic strength and rather low chloride channel in rat hippocampal neurods.Gen. Physiol.
Ca&* concentrations requires the presence of transport go-453-478
systems for volume regulation and ion maintenanceryizzell, R.A., Halm, D.R. 1990. Chioride channels in epithelial cells.
which should be largely independent of external ion con-  Curr. Top. Membr. Transp37:247-282
centrations. On the other hand, an activation potentiaboldman, D.E. 1943. Potential, impedance, and rectification in mem-
elicited by fertilization or by pricking requires the fast  branesJ. Gen. Physiol27:37-60
activation of large Cl conductances, which might in- Gschwentner, M., Susanna, A., WoE., Ritter, M., Nagl, U.O.,
volve CalC-like channels (Cross & Elinson, 1980; Webb  Schmarda, A., Laich, A., Pinggera, G.M., Ellemunter, H., Huemer,
& Nuccitelli, 1985). Therefore, it is likely that low ionic H., Deetien, P., Paulmichl, M. 1995. Antiviral drugs from the
media induce modifications of the CalC in eggs thereby nucleoside analgg family block volume-activated chloride chan-

. . . nels.Mol. Med. 1:407-417
preventing the -|OSS of intracellular G large amounts. Gogelein, H. 1988. Chloride channels in epithelgiochim. Biophys
As a test fqr this theory, we measured the resting poten-"", - 947521_547
tial of in VItrQ matu'.’ate.d opcytes and th.ell’. ablllty to Ishihara, K., Hosono, J., Kanatani, H., Katagiri, C.H. 1984. Toad egg-
_respond to pI’IC!( activation in pondwat_er_|m|tate. Even jelly as a source of divalent cations essential for fertilizatibe-
in completely divalent-free pondwater imitate no mem-  \elop. Biol.105435-442
brane potential breakdown or decreased prick activatioensch, T.3. 1994. Molecular biology of voltage-gated chloride chan-
responses were found, arguing for different regulation of nels.curr. Top. Membr42:35-57
C&*-inactivated CT channels under such conditions. Koumi, S., Sato, R., Aramaki, T. 1994. Characterization of the calcium-
Our results from single-channel measurements with 100 activated chloride channel in isolated guinea-pig hepatocykes.
mm solutions in the pipette showed the presence of a Gen. Physiol104:357-373
C&*-inactivated CI channel in eggs, which seemed to Sardet, C., Chang, P. 1987. The egg cortex: from maturation through
differ from the CalC in oocytes at least with respect to  fertilization. Cell Differentiation21:1-19
the extracellular C& sensitivity‘ These altered features Schlief, T., Heinemann, S.H. 1995,8,-induced chloride currents are
of the CalC in eggs might reflect conformational changes indicative of an endogenous N&a™ exchange mechanism in
of the channel protein during the maturation or an altered  *enoPus0cytes.J. Physiol 486:124-130 _
regulation of the same channel in the different develop-S'geI’ E. .1990. Use oKenopus Iaevmocyte; for the functlonal.ex-
L pression of plasma membrane proteids. Membrane Biol.

mental stages of the amphibian oocyte. 117201-221
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