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Plasmalemmal ionic currents from enzymatically-isolated protoplasts of suspension-cultured carrot cells were investigated by patch-clamp techniques. Among other currents, a novel hyperpolarization-activated, inwardly-rectifying, whole-cell current was observed. The activation of this current was fast in onset, and for large byperpolarizations a characteristic, rapid voltage-dependent inactivation was seen. Ion substitution experiments indicate that this inward current was due mainly to effiux of chloride ions. No dependence on either internal or external calcium was found, and internal MgATP was not necessary. Surprisingly, zinc did not block this current. In hyperpolarized outside-out patches, inward singlechannel chloride currents having an elementary conductance of ca. lOOpS were observed. The open probability increased with byperpolarization. Similar single-channel currents were activated by slight negative pressure applied to the pipette. These chloride currents could contribute both to the control of membrane potential and in the regulation of osmotic balance in carrot cells.

Introduction

In culture, carrot cells undergo at a high rate both cell division and elongation. These two developmental processes involve changes in ionic fluxes and cell volume and thus likely require the cooperation of several types of ion channels and pumps. Almost no infor-* Correspondence and reprints: Institut de Biologic Mol6culaire des Plantes, CNRS UPR406, 12 rue du G6n6ral Zimmer, F-67084 Strasbourg, France. mation is available concerning the nature of plasmalemmal ionic currents in cultured carrot cells, with the exception of the characterization of a Ca-permeable channel, initially by 45Ca flux studies (Graziana et al. 1988), affinity labelling (Thuleau et al. 1990), and subsequent functional reconstitution into liposomes (Thuleau etal. 1993). We therefore decided to undertake a patch-clamp investigation of plasmalemmal ion channels in isolated protoplasts of these cells. Voltage-activated K channels have been well characterized in many types of plant cells (for reviews, see [START_REF] Cosgrove | Stretch-activated chloride, potassium, and calcium channels coexisting in plasma membranes of guard cells of Viciafaba L[END_REF]Schroeder 1989, Tester 1990), and thus the presence of an outward, delayed rectifier K current in our carrot cells was not surprising for us. On the other hand, C1 channel currents have been described in detail in a comparatively fewer number of plant cells (for review, see Tyerman 1992). We present here our observations concerning a novel, hyperpolarization-activated, inwardly-rectifying C1 current in protoplasts from suspension-cultured carrot ceils, whose properties differ greatly from those of other voltage-activated anionic currents characterized to date in higher plant cells.

Materials and methods

Cell culture and protoplast isolation

Carrot cells (Daucus carota) from a non photosynthetic line were generously given to us by Dr. R. Ranjeva (CNRS URA1457, Toulouse) and were cultured in a Murashige and Skoog medium (Sigma MS 5524, complemented with 30 g/1 sucrose, 10rag/1 myoinositol, 2mg/1 glycine, ling/1 thiamine HC1, 0.5mg/1 pyridoxine, 0.1 rag/1 nicotinic acid, 0.4 rag/12,4-D). Subeulturing was done every 2 weeks Pour citer ce travail : J.G. Barbara,Hyperpolarization activated inward chloride current in protoplasts from suspension cultured carrot cells, Protoplasma, 180, 1994, 136 144.

version auteur = Hyperpolarization activated inward chloride current in protoplasts from suspension cultured carrot cells by transferring 6 mg of cells into 80 ml of flesh medium. Cultures were maintained on a rotary shaker (I 50 rpm) at 25 ~ under constant illumination (40--50/aE/m2/s) for 3 weeks. Protoplasts were prepared from 2-3 week old cultures: 300/al of the cell culture were incubated for 2 h at 36 ~ in 5 ml of enzymatic solution which contained 3% Caylase (Cayla, Toulouse, France), 0.1-0.2% pectolyase (Pectolyase Y23; Seishin Pharmaceutical, Japan), 20/aM PMSF, 20/aM pepstatin and 9.1% mannitol in 25 mM MES (PH 5.5 with 6 mM KOH). Protoplasts were isolated by centrifugation (30 rain at 100 g) on a discontinuous Ficoll gradient (0%, 10%, 20%) prepared in a 25raM MES/TRIS buffer (PH6.7), adjusted with mannitol to 540 mOsmol/kg. Protoplasts collected at the 0-10% interface were kept in the same buffer on ice until use. The diameter of the protoplasts was somewhat variable, and those used had an average diameter of 44 :k 2/am (n = 36). Protoplasts generally had one large central vacuole and sometimes, plastids were present in the cytoplasm.

Electrophysiology

Conventional patch-clamp techniques were used (Hamill et al. 1981), with macroscopic currents being recorded in the whole-cell configuration and single-channel currents from outside-out patches, as described previously (Stoeckel andTakeda 1989, 1993). Pipettes were made from thin-wall (Vitrex BRI/E) or thick-wall (Hilgenberg) borosilicate glass using a vertical puller (D. Kopf 720) and were coated with beeswax to reduce associated capacitance. Pipette resistances were in the range of 20-40 MO with the solutions used. Seal resistances were typically at least 1 GO. Protoplasts were maintained in a standard external (bath) KC1 solution containing (in mM): 5 KC1, 10 CaCI2, 25 MES/TRIS (pH 6.7), with osmolarity adjusted to 550 mOsmol/kg using mannitol. In some experiments, KC1 was replaced by CsC1, choline C1 or N-methyl-Dglucamine C1 (NMDG). Standard internal (pipette) solution contained (in raM): 150 KC1, 100 HEPES, 10 EGTA/4.73 CaC12 (pCa 8); the pH was adjusted to 7.8 with 105 mM KOH and the osmolarity was adjusted to 680 mOsmol/kg using mannitol. When differences in osmolarity were negligible (external solutions containing inter alia 40 mM BaCl2 or 50 mM CaC12), the observed inward currents were essentially unchanged. Calcium was sometimes buffered using 5 mM BAPTA or 0.5mM EGTA, or adjusted to pCa 5.3 with 10mM EGTA/9.98mM CaC12 (values for Ca and EGTA were calculated using the program CaBUFFER). Liquid junction potentials were estimated using the program JPCalc -as these were generally small (e.g., 1.9mV for standard external and internal KC1 solutions), no correction was made. The pipette solution sometimes contained 5 mM MgATP and 0.2 mM GTP. Cells were maintained in a petri dish, usually coated with polylysine, on an inverted microscope (Nikon Diaphot) equipped with phase contrast optics and a green filter.

Experiments were made at room temperature. Data were stored on FM tape (Racal Store 4), or acquired directly using a Goupil 386DX computer and a CED 1401 interface after appropriate filtering. Unless otherwise noted, whole-cell currents were filtered (4-pole Bessel) at 0.1 kHz (-3 dB frequency) and sampled at 0.5 kHz, while single-channel currents were filtered at I kHz and sampled at 5 kHz. Analysis was done using CED software. Capacitance and series resistance were minimized using the inbuilt compensation circuitry of the EPC-7 patch amplifier (List) and linear leak was generally not subtracted. Activation and inactivation curves were fitted (Sigmaplot) with a Boltzmann equation:

I/Im~ = (1 + exp(V -V~)/k)-1
where Vh is the voltage for half-maximal current and k is the slope factor: Current-voltage (I/V) curves were in some cases fitted using the Gotdman-Hodgkin-Katz (GHK) current equation:

I = P' V. F" b {[1 -a. exp(V 9 b)]/[1 -exp(V ' b)]}
where a = [C1]o/[C1] i, b = FE/RT, P = permeability, E = Ea, V = voltage and F, R, and T have their conventional thermodynamic meaning (the valence z for C1 has been included in this form of the equation).' Inward currents are plotted downwards, and correspond either to cation influx or anion effiux. When appropriate, data are presented as mean plus/minus SEM (for n cells).

Results

Resting potential

The toplasts were maintained at holding potentials between -50 and 0 mV, where holding currents were minimal.

Whole-cell chloride currents

A typical family of whole-cell current responses to hyperpolarizing voltage pulses obtained using standard external and internal KC1 solutions (with EK and Ec) being respectively -99 and 47 mV) is shown in Fig. 1 A, together with corresponding I/V relationship (Fig. 1 B). Initial peak current amplitude increased in a quasilinear fashion with the hyperpolarization. Inward currents activated rapidly, and could be clearly distinguished from the remaining, uncompensated capacitive current transient (Fig. 1 C,D) when the data were filtered and sampled at different frequencies. With 100 Hz filtering, the capacitive current is greatly attentuated while neither the amplitude nor the time course of the other current components are affected in a significant manner. For test-pulses whose amplitude was less negative than -107 • 14mV (n = 4), inward currents were maintained for the entire test-pulse duration. For more hyperpolarized test-pulses, the steady-state current showed a characteristic voltage-dependent inactivation with time. This inactivation became more rapid for larger negative test potentials, with the time for half-inactivation being less than 100ms at -t80mV. The current inactivation with time could be fitted by the sum of two exponentials, with time constants of decay ('Q for a step to -180mV being 28 and 330ms for the fast ('cO and slow (z~) components respectively (Fig. 1 D; by comparison z was 0.13 ms for the capacitive current). While ~f was rather voltage insensitive, xs decreased with hyperpolarization (in this cell, ~s was 425ms for a step to -140mV). This possibly suggests a sequential, voltage-sensitive block of open channels producing the inactivation seen for large hyperpolarizations, or more speculatively, perhaps the presence of two different voltage-dependent channels. Such inward currents were observed in 28% of a total of 150 protoplasts. In all cells (n = 25) where KC1 based solutions were used, this inward current was observed together with depolarization-activated outward currents (see below). The voltage-dependence of the peak current activation and inactivation is illustrated in Fig. 2. The activation curve of the relative peak current (Fig. 2 B) for hyperpolarizing test-pulses (Fig. 2 A) was fitted with a Boltzmann-type equation I/Ima x = (1 + exp(V-Vh)/k)-1, with Vh = -106.2mV and k = 21.0inV. Steady-state inactivation of the peak current was investigated using a variable amplitude, 2 s long prepulse followed by a fixed test-pulse to -180mV (Fig. 2 C). With increasingly negative prepulses, the peak current amplitude produced by the test-pulse diminished. The inactivation curve was fitted with a Boltzmann-type equation, with V h = -116.9 and k = 23.2mV. Given that E~ and Ecl are respectively -99 and 47 mV in standard external and internal KC1 solutions, the I/V relationship of the inward current and the lack of effect (not shown) of external barium (n = 10) and TEA (n = 2) indicate that K is unlikely to be the current charge carrier and rather suggest that C1 ions are the main charge carrier. To demonstrate the non-cationic nature of the inward current, external K was replaced by choline or NMDG. Figure 3 presents data from three different cells recorded in external/internal KC1 solutions, in external choline C1/internal CsC1 solutions, and in external/internal NMDG C1 solutions. Other than inactivation appearing to be less-pronounced in NMDG-containing solutions, activation of inward currents by hyperpolarization was essentially unchanged by these manipulations of the monovalent (KGluc) increases inward current amplitude for step hyperpolarization from 0 to -I00 inV. B Quasi-steady state I/V relations obtained by a voltage ramp command in external high KC1 solution before and after exposure to K gluconate solution. The voltage was initially maintained at 0 mV, stepped to -180 mV and then ramped to 100mV during 1 s. E• was -17mV in both solutions while Eel was 2 mV in high KC1 solution and 52 mV in K gluconate solution. Different cells in A and B suggest that the inwardly-rectifying current results largely from an efflux of C1. Somewhat surprisingly, external application of Zn (200 gM; n = 7), a known C1 channel blocker resulted in no inhibition of the inward current (not shown). When CsC1 internal solution or NMDG C1 solutions were used, no depolarization-activated, time-dependent outward currents were observed, which was also the case when the K channel blockers TEA and Ba were present in the external solution (not shown). This is consistent with an inwardly-rectifying nature of the hyperpolarization-activated C1 current. The characteristics of the inward current were not notably different when Ca in the external solution was either 10 or 20 mM and when Ca in the internal solution was buffered with 5raM BAPTA or 0.5raM EGTA. The same was true for an internal solution with a pCa of 5.3. Taken together, these data suggest that the inward C1 current is not Ca-activated. No obvious changes in the properties of the inward current were apparent when ATP and GTP were included in the internal solution (n = 5).

Single-channel chloride currents

Using standard external and internal KC1 solutions, inward single-channel currents were observed in outside-out patches at hyperpolarized potentials (Fig. 5 A). Average I/V relations from six outside-out patches are plotted in Fig. 5 B. The zero-current potential was very close to Ea (which was 47 mV), consistent with a high Cl-selectivity of these channels. The observed non-li- currents were activated by application of slight negative pressure (a few cm of H20) to the pipette interior by mouth suction (Fig. 7 A). The I/V relationship of these mechanically-sensitive currents (Fig. TB) resembles that described above for the voltage-dependent currents (Fig. 5 B). While the zero-current potential was slightly more hyperpolarized than EcI, the observed non-linearity was nevertheless well fitted by the GHK equation (assuming that the C1 was the permeant ion; P = 3.8 x 10-5). The estimated single-channel slope conductance was ca. 120pS over the voltage range 0 to -100inV. As seen in Fig. 8A, a second type of channel activity with a slope conductance of about 17pS was seen in some patches (n = 2), together with the 120 pS channel. The zero current potential for this second smaller channel class was -40 mV (Fig. 8 B), possibly suggesting a greater permeability to K compared to C1.

Whole-cell delayed rectifier potassium current

Step depolarizations more positive than -40 mV provoked the development of a delayed outward current (Fig. 9 A, B; n = 11). The onset of activation was more rapid for larger depolarizations, and the current was maintained, with no apparent inactivation. Application of external Ba (20mM; Fig. 9C; n = 9) and TEA (20 mM; Fig. 9 D; n = 2) produced an almost complete inhibition of these outward currents, which was reversible (n = 4). These properties are characteristic of depolarization-activated, delayed rectifier K currents (for reviews, see [START_REF] Cosgrove | Stretch-activated chloride, potassium, and calcium channels coexisting in plasma membranes of guard cells of Viciafaba L[END_REF]Schroeder 1989, Tester 1990). 

Discussion

We focus our comments on a novel hyperpolarizationactivated, inwardly-rectifying current which was ob-served in the plasmalemma from protoplasts of suspension-cultured carrot cells, both at the whole-cell and at the single-channel levels. Chloride appears to be the major permeant ion, as neither K channel blockers nor changing the monovalent cation concentration gradient affected the inward current behaviour. However, the apparent wholecell reversal and extrapolated zero-current potentials were more hyperpolarized than Ecl (which was usually 47mV). This might arise due to the contribution of other membrane conductances (see Figs. 8 and9) active at positive potentials (EK was -99 mV). Another possibility is that the presumably anion-preferring channels are also somewhat permeable to cations, consistent with the characteristics of one purified channel class from this carrot cell strain functionally reconstituted in liposomes (Thuleau etal. 1993), as is also the case for anion-selective channels in the tonoplast (for review, see Hedrich and Schroeder 1989) and in rat hippocampal neurones (Franciolini and Nonner 1987). As welt, any leak current would also tend to shift the reversal potential to less positive values (assuming Eleak = 0 mV; the "resting" cell input resistance measured over the range of our holding potentials was 720 • 150 MD, suggesting that leak current was appreciable). In principle, these effects can be overcome by blocking or minimizing K currents and by using leak subtraction. However, in practice, for true inwardly-rectifying currents with markedly non-linear, asymptotic behaviour, the adoption of an appropriate leak subtraction protocol is not straightforward, and therefore was not used. Nevertheless, at the singlechannel level, the extrapolated zero-current potential was quite close to Ecl and the observed non-linearity in the single channel I/V relations was well fitted with predicted GHK rectification, assuming that C1 was the charge carrier. As noted above, it is also possible that part of the inward current may be carried by Ca or H. In our view, this seems unlikely, as if indeed these apparently Cl-selective single-channel currents do underly the whole-cell currents, then the discrepancy between Erever~al and Ecl for the whole-cell currents most probably arises from a combination of leak and K conductances. This follows from our preliminary observations of inward hyperpolarization-activated whole-cell currents in the presence of a calcium channel antagonist, bepridil (20 and 100 gM, n = 3), previously used to block 45Ca fluxes in this same cell type (Graziana et al. 1988). This was also the case in the presence of 100 pM Cd (n = 1) and 100 gM La (n = 1). While gluconate does not appear to be permeable, the selectivity for other anions (e.g., NO3, malate) known to permeate plasmalemmal anionic channels in other higher plant cells (Keller et al. 1989, Terry et al. 1991, Hedrieh and Marten 1993) remains to be investigated. The carrot whole-cell C1 current differs from those described in the plasmalemma of other higher plant cells. While activated upon hyperpolarizafion, as in Amaranthus protoplasts, the carrot C1 current shows inactivation at hyperpolarized potentials, unlike the case in Amaranthus where the current is maintained (Terry et al. 1991). In guard cells, the R(GCAC1)-type current (Keller et al. 1989;Hedrich et al. 1990;Marten etal. 1991Marten etal. , 1992)), the S-type current (Schroeder and Keller 1992) and the SLAC (Linder and Raschke 1992) are all observed upon depolarization. These latter two C1 currents do not inactivate. The R(GCAC1)-type current also shows little inactivation after 1 s, but ca. 80% inactivation is reached after about 20 s (Hedrich et aL 1990). As well, inactivation at hyperpolarized potentials was described for a hyperpolarization-aetivated anionic current (Schroeder and Hagiwara 1989). Unfortunately, we could not verify the inactivation of our whole-cell C1 current at the single-channel level because it was not possible to impose large hyperpolarizations on our outside-out patches. Note that S-type tail currents evoked by hyperpolarizing steps (Schroeder and Keller 1992) display some similarities with the kinetics of the C1 current described here. The possibility that our inward whole-cell currents evoked by hyperpolarization represent deactivating S-type tail currents (as in guard cells; see Sehroeder and Keller 1992: fig. 3 B,C) arising from C1 channels that were already opened by our depolarized holding potentials seems quite unlikely for several reasons.

Step depolarization from a -180 mV holding potential elicited no currents in 2 cells where hyperpolarizafionactivated inward currents were present. The decay kinetics of deactivating S-type C1 tail currents in guard cells are about 10-fold slower (Schroeder and Keller 1992) than the inactivation kinetics of the inward current described here. Activation of our inward currents is accompanied by an increase in noise, consistent with increased numbers of open channels, and with the measured increase in single-channel open probability with hyperpolarization (at least over the accessible range of potentials). It is also unlikely that K tail currents activated by hyperpolarization from our depolarized holding potentials contribute greatly to the observed inward current for the following reasons. Similar inward CI currents were observed in the presence of K channel blockers and in the absence of external K. With EK being normally -99 mV, one would expect to see signs of current reversal if K tail currents were contributing in a major fashion. The maintained nature of the inward Ct currents for hyperpolarizations up to about -t00 or -120mV are not consistent with delayed K rectifier tail current kinetics (in any case, at these potentials, there is practically no driving force for K). Another difference between the C1 current described here in carrot cells compared to guard cells is the apparent lack of sensitivity to high cytoplasmic or external Ca, and to the presence of ATP or GTP in the internal recording solution. In guard cells, elevated free internal Ca concentrations were necessary for the activation of C1 currents (Schroeder andHagiwara 1989, Linder andRaschke 1992), while the R(GCAC1)-type current (Hedrich et al. 1990) requires high external [Ca] and/or low cytoplasmic Ca buffering. The R(GCAC1)type current has a strong dependence on the presence of nucleotides in the internal solution, unlike the carrot C1 current. No other data on the voltage-dependence of the activation and inactivation of C1 channels (Fig. 2) in higher plant cells have appeared. Interestingly, an identical value ofk (= 21 mV), the slope factor in the Boltzmann fit to our activation data, was found for the activation of the outward delayed K rectifier in guard cells (Schroeder 1989), and was closely similar in tobacco protoplasts (k = 28 mV; Van Duijn 1993). Somewhat surprisingly, the C1 channel blocker Zn which blocks inward C1 current in Asclepias (Schauf and Wilson 1987), was ineffective in carrot cells, both on whole-cell and single-channel C1 currents. However, a recent report indicates that the Ca-and nucleotideactivated anion channel in guard cells is also unaffected by 100#M Zn (Marten etal. 1993). The ca. lOOpS unitary conductance found here is larger than those determined for C1 channels in guard cells (Keller et al. 1989, Linder and Raschke 1992, Schroeder and Keller 1992), but smaller than that reported in Amaranthus (Terry et al. 1991). The C1 channels described here, when opened by hyperpolarization, would give rise to an inward depolarizing current corresponding to C1 effiux. However, due to the inactivation at large hyperpolarized potentials, such C1 channel activity wo~d not be maintained. Note that the resting membrane potential of suspension cultured cells is less negative than in differentiated cells from intact tissues. The resting potential of suspension cultured carrot cells in their growth medium was re-ported to be around -40mV (Takeda etal. 1988). In any case, at least one plausible role for these C1 currents would be to contribute in regulating resting membrane potential, together with the hyperpolarization generated by the electrogenic plasmalemmal proton pump ATPase (Tyerman 1992). The characteristics of the suction-activated currents (Fig. 7) resemble somewhat those of the voltage-dependent C1 currents (Figs. 5 and6), and it thus may be that both currents arise from a single class of channels. Such mechanosensitivity has not been described for voltage-dependent C1 channels in other higher plant cells, although stretch-activated anion-permeable channels have been characterized in cultured tobacco cells (Falke etal. 1988) and in guard cells [START_REF] Cosgrove | Stretch-activated chloride, potassium, and calcium channels coexisting in plasma membranes of guard cells of Viciafaba L[END_REF]). Thus, a second possible function of the C1 channels reported here would be their involvement in the regulation of osmotic balance in response to stretch (or to hyperpolarization). We found no evidence for the Ca-permeable channel which was initially characterized in the same carrot cell strain using 45Ca flux studies and the inhibitory action of Ca channel blockers of the phenylalkylamine family (Graziana et al. 1988). A 75 kDa membrane protein was partially purified, following affinity labelling with a Ca channel blocker phenylalkylamine derivative (Thuleau et al. 1990), and recently was functionally reconstituted in giant liposomes (Thuleau etal. 1993). While Caselective currents having elementary conductances of 49 and 38 pS were observed, they were labile, and a second type of activity having an elementary conductance of 67 pS was often present (Thuleau et al. 1993). This latter class of channels was less selective, being permeable to both Ca and C1 (with PcJPcl = 0.7). The C1 currents described here were observed in only 28% of the studied protoplasts. These were obtained from 2-3 week old cultured cells which presumably have varying degrees of differentiation. This raises the question whether the expression of a particular channel class could be linked to a given developmental stage of the cells. For the moment, we can only state that there were no obvious visual morphological correlates with the presence or absence of any of the various currents subsequently found. 

Fig. 1

 1 Fig.1A-D. Hyperpolarization-activated inward whole-cell currents in a protoplast isolated from suspension-cultured carrot cells. A Currents evoked by 2 s steps to the test amplitudes indicated (in mV) from a holding potential of -20mV. Note that the rapidity of inactivation increases With hyperpolarization. Bath: and pipette contained standard external and internal KC1 solutions, respectively. B Corresponding I/V relations (0 peak current amplitude, (3 steady state current amplitude). C Same inward current for a step to -180mV filtered at 100 or 1000Hz (as indicated) and acquired at 0.5 or 5 kHz respectively. For clarity, the upward-going capacitive transients at the end of the hyperpolarizing step have been truncated. Same cell as in A. D Superimposed traces acquired as in C on a faster time scale. Inward current is plotted downwards in this and all subsequent figures

  Fig,2A-D. Voltage-dependence of imvard current activation and steady-state inactivation. A Currents evoked by the indicated hyperpolarizations from a holding potential of 0 inV. B Normalized peak current activation data fitted by Boltzmann-type equation. V h = -106.2 mV, k = 23.2 mV. C Conditioning prepulses to 0, -120, and -160mV result in decreased peak current amplitudes for the following fixed test pulse to -180 mY. D Normalized steady-state inactivation versus prepulse amplitude fitted by a Boltzmann-type equation. Vh=-lt6.gmV, k=-23.2mV. In A and C, standard external and internal KCt solutions; separate cells. Currents (I) were normalized to their maximal values (I~)

  Fig. 3 A-F. Inwardly rectifying C1 currents from 3 different cells in various ionic conditions, with the indicated test and holding potentials. A Standard external and internal KC1 solutions; Eel = 47 mV, EK = --99 mV; B corresponding I/V relations. C External choline C1 solution and internal CsC1 solution; Ecl= 47 mV; D corresponding I/V relations. E External and internal NMDG C1 solutions; Ecl = 47mV, ENMDG = --86 mV; F corresponding I/V relations. 9 Peak current amplitude; 9 steady-state current amplitude

  Fig. 5A, B. Hyperpotarization-activated, inward single-channel C1 currents. A Inward currents from an outside-out patch, at the indicated holding potentials. Standard external KC1 solution, internal low EGTA KC1 solution. B Average I/V curve for 6 outside-out patches; bars indicate SEM. The line corresponds to the Goldman-Hodgkin-Katz equation (assuming that C1 is the charge carrier) fitted to the data, with P= 1.7 x 10 -s

Fig. 8 .

 8 Fig. 8. Second class of single-channel currents. A Small, spontaneously occurring currents with a reversal potential of -40 mV; large inward currents were activated only in response to negative pressure applied by suction (not indicated, for clarity). Dashed lines indicate the closed (C) and open current levels for large stretch-sensitive currents; dotted lines indicate the open levels for small spontaneously occurring currents. Outside-out patch; external standard KC1 solution; internal pCa 5.3, KC1 solution. B Corresponding I/V relationships for the same patch. 9 Small spontaneously occurring currents; 9 large stretch-sensitive inward currents
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