J. Membrane Biol. 177, 109-116 (2000) The Journal of

DOI: 10.1007/s002320001104 M em b rane
Biology

© Springer-Verlag New York Inc. 2000

Apical Nonspecific Cation Channels in Everted Collecting Tubules of Potassium-Adapted
Ambystoma

L.C. Stoner, S.C. Viggiano
Department of Neuroscience and Physiology, State University of New York, Health Science Center, 766 Irving Avenue,
Syracuse, New York, 13210, USA

Received: 14 January 2000/Revised: 16 June 2000

Abstract. We observed intermediate conductance chane€ollecting tubule —Ambystoma— Potassium adaptation
nels in approximately 20% of successful patch-clamp— Sodium reabsorption — Potassium secretion
seals made on collecting tubules dissected fhambys-
toma adapted to 50 m potassium. These channels
were rarely observed in collecting tubules taken fromIntroduction
animals which were maintained in tap water. Potassium-
adaptation either leads to an increase in the number ofhe amphibian distal convoluted tubule shares many of
channels present or activates quiescent channels. the structural and functional characteristics of the mam-
In cell-attached patches the conductance averageghalian distal nephron [6, 13, 14, 25, 27, 28, 37]. The
30.3 = 2.4 (9) pS. Since replacement of the chloride ininitial collecting tubule (late distal convolution) of am-
the patch pipette with gluconate did not change the conphibia has been shown to express a lumen-negative volt-
ductance, the channel carries cations, not anions. Notage, actively reabsorb sodium (which is inhibitable by
bly, channel activity was observed at both positive andamiloride) and to secrete potassium [1, 14, 23, 28, 37].
negative pipette voltages. When the pipette was voltag&Ve are able to evert and perfuse in vitro nephron frag-
clamped at 0 mV or positive voltages, the current wasments of Ambystoma tigrinun{7, 9, 30, 31]. Patch-
directed inward, consistent with the movement of sodiumclamp studies of the apical membrane reveal the pres-
into the cell. The pipette voltage at which the polarity of ence of highly selective [28], low-conductance (4pS),
the current reversed (movement of potassium into themiloride-sensitive sodium channels [29, 30] on the api-
pipette) was —29.6 + 6.5(9) mV. cal membrane of this tubule fragment. Potassium adap-
Open probability at 0 mV pipette voltage was 0.08 = tation of the animals prior to experimental study results
0.03 and was unaffected when the apical membrane wag an increased density of this channel type [30]. Since
exposed to eithe2 x 10° or 2 x 10° m of amiloride.  under control conditions, the 4 pS, amiloride-sensitive
Exposure of the basolateral surface of the tubule to ahannel is the only sodium channel observed in native
saline containing 15 m potassium caused a significant tissue [8, 22, 29, 30], it has been suggested that this is the
increase P less than 0.001) in the open probability of predominate channel explaining sodium reabsorption [2,
these channels to 0.139 + 0.002 without affecting the33].
conductance of the apical channel. Other sodium carrying channels have been reported
These data illustrate the presence of an intermediati# both renal tissue culture lines [4, 5, 12, 15, 16, 17, 19,
conductance, poorly selective, amiloride-insensitive cat21, 35] and nonrenal epithelial cell transport systems [9,
ion channel in native vertebrate collecting tubule. We18]. Cultured amphibian distal nephron cells (A-6) ex-
postulate that, at least in amphibia, this channel may b@ress at least three types of channels which carry sodium
used to secrete potassium. ions [5, 10, 12, 19]. They include a highly selective 4 pS
channel [5], a moderately-selective 9 pS channel [19]
and a nonselective 28 pS channel [10, 12, 19], which
some investigators report as being less sensitive to
- amiloride than the 4 pS channel [10]. Similar nonselec-
Correspondence td-.C. Stoner tive cation channels have been reported in cell lines de-
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rived from cortical collecting tubule [17] medullary col- Solutions

lecting duct cell line [16] and type Il nasal epithelial cells

[18, 21, 35]. In addition, reverse transcriptase polymer-Ambystomavere doubly pithed immediately prior to removal of the

ase chain reaction techniques (RTPCR) amditu hy- !(idneys.tSIices otf kidne;l( sevferatlhmillcijmetert_s thicIf(yvgt_relcut”ancti_platced
i . room temperature saline for the dissection of initial collecting tu-

bridization experiments have demonstrated the presengf 2 BTPEEEE B, i{MmNaCl, 105; KCl, 3.0; CaGl z.o?

of the mRNA which code; for th|s chanrjel ina numbengSOm 1.25: KH,PO,, 1.25: HEPES (N-[Hydroxyethylpiperazine-N]

of renal tubule segments including the distal tubule, cor--ethanesulfonic acid), 5; and dextrose, 5.5. The mean osmolarity of

tical collecting tubule and inner medullary collecting this solution was 218 mOsm/Kg 8. The pH was titrated to 7.6.

duct [3] The presence of the mRNA suggests the chanFor dissection, to reduce the tendency of dissected tubules to stick to

nel may be present in these tissues. On the other hangl,ass and thg dis;ection instruments, one gm % of Fraction V bov_ine

the failure to observe this channel in native distal rleph_serum albumin (Sigma, St. Louis, MO) was added to the above saline.

ron epithelia. usin atch-clamp methodolo has raise Unless stated otherwise, the above saline solution, minus albu-
p ! gp p ay. %in, was used to bathe both the apical and basolateral surfaces of the

questions about the phyS|0|09|0al Slgn'flcance of the 28everted tubule and to fill the patch pipette. In some experiments, the

pS channel in renal tissue. Thus, the function of thiSsaline bathing the basolateral surface was exchanged for one in which

channel is a matter of speculation. potassium was used to replace some of the sodium so that the final
Using established patch-clamp methodology [11] weconcentration of potassium was 15m

have identified an intermediate conductance (28 pS)

amiloride-insensitive cation phannel in the apical mem'Patch-CIamp Methods

brane of the everted amphibian collecting tubule. We

observe_ this Cha_nne_l most frEquently n tISSU_e dlsseCte‘iihe detailed methods of everting amphibian renal tubule fragments

from animals maintained for a week or more in a 5@ M haye been described in a previous publication [7]. A brief description

KCI saline. The channel’s electrical characteristics ap-of the technique is presented here.

pear identical to those of the 28 pS channels reported for  After transferring the dissected tubules to a setup designed to

the rat collecting tubules [8, 22], cultured cells derived perfuse kidney tubule fragmenits vitro, they were everted. Eversion

from nasal epithelium [18, 21, 35], cortical collecting was initiated by first retracting the inner perfusion pipette to a point

. where a small patch of the basement membrane could be snagged and
tubule [15’ 17]’ medu”ary collectlng ducts [16] and A-6 tucked into the lumen of the tubule. After recentering the inner pipette,

Ce"S_ [12’_ 19]' Doses of amiloride as hlgh as |20 did the fragment could be everted by slowly advancing the inner pipette
not inhibit our channel, a dose nearly one-hundredfolduhile applying gentle suction to the outer pipette. Once the tubule was
higher than that shown to inhibit the 4 pS sodium chan-everted onto the inner perfusion pipette, the perfusion was restarted and
nel. With the exception of the nasal epithelial cells [4], a suction pipette was used to gently pull the tubule off the inner per-

the channels found in the preparations listed above are gliysion pipette. The inner pipette remained in the lumen of the everted
more sensitive to amiloride tubule so that perfusate could be supplied to perfuse the basolateral

.ntsurface of the everted tubule. The general features of the methods used
. . - o form a seal betweeen the patch pipette and the apical membrane have
vasopressin-treated toad bladder epithelial cells [9] an@leen described previously [29, 30, 31].

native nasal epithelial cells [18], this study is the first to Patch-clamp pipettes were fabricated by a method modified from
report the expression of the 28pS channel in native distahose of Hamill et al. [10]. Pipettes were pulled from 0D Micro-
nephron cells. This channel is most often expressed ifaps (Drummond Scientific, Broomall, PA) on a Brown-Flaming P-80/
tissue taken from animals exposed to 56 mnviron- Pcttpu”e’ (Sf‘_mer :_”Sht”éme”t’ ,\?af‘ E_afaeM'z C'?)- TheN“P_ShC_’f pa;"hk pi-
mental potassium for a week or more. Exposure of th%e es were firepolished on a Narishige Microforge (Narishige, Tokyo,

. . apan) to facilitate seal formation and to minimize the capacitative
basolateral membrane to saline containing 1% KCI properties of the electrode.

increases the open probability of the channels. This t0-  the data presented are all from cell-attached patches. We at-
gether with the fact that, in amphibia, little sodium re- tempted on numerous occasions to excise patches. This procedure in-
mains in the luminal fluid by the time filtrate arrives in variably led to rapid inactivation of the nonselective cation channel.
the late distal nephron [1, 37] leads us to speculate that In some experiments we applied amiloride to the outside surface

the physiological significance of this channel could beof the patch while recording from channels in a cell-attached patch.
related to potassium transport Fluid exchange of the patch pipette was achieved with a modification

of a system originally developed by Tang et al. [38]. We used 0.01 in.
I.D. x 0.03 in. O.D. Microbore tubing (Thomas Scientific, Swedes-
. boro, NJ) fitted with a fine quartz tip to deliver the drug to within 2.0
Materials and Methods to 0.5 mm of the tip of the patch pipette. We filled the system initially
with mineral oil, then aspirated a column of saline contajrnx 10°®

Neonatal tiger salamandeimbystoma tigrinumyere obtained from  or 2 x 10°° m of amiloride into the tip of the exchange system. The
Charles Sullivan (Nashville, TN). Animals were kept in aquaria details of this method have been published previously [29, 30].
(Aquaratron, Westminster Scientific, Westminster, MD) containing cir- The patch-clamp signal was monitored via an Axopatch 1-B am-
culating tap water at 50° F. Salamanders were fed crickets daily. Tolifier (Axon Instruments, Burlingame, CA) equipped with a TMA-1
expose animals to 50mKCI, animals were transferred to plastic cages interface. A permanent record of experimental data was digitized
containing two inches of KCI solution. These cages were kept in the(Model VR-10, Instrutech, Mineola, NY) and recorded on videotape for
same aquaria. The duration of KCl exposure ranged from 8 to 60 dayffline analysis. The signal was filtered to tape at 5000 Hz. For analy-
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Table 1. The relative abundance of cation channels in the apical membrane of the initial collecting tubule of control and
potassium-adapte@imbystoma

Channel type Control Potassium-adapted
g (pS) Freq. Rel. g (pS) Freq. Rel. abundance
abundance
ENaC* 3.7+0.2 (22/49) 1.40 3.7+0.2 (36/45) 5.60
Maxi K* 103.6 £3.2 (3/49) 0.12 97.2+6.0 (22/55) 1.00
Nonselective
cation channel 28.0+1.9 (3/60) 0.07 28.0+1.9 (16/56) 0.41

Frequency represents the fraction of successful seals which expressed a given channel type. Relative abundance is computed as the product
frequence of observance and the number of levels in the patch.
* These values are compiled from studies previously published [29, 30, 31].

sis of nonspecific cation channel records, data was fed into the comTable 2. Characteristics of nonspecific cation channels in Ambystoma
puter at a sampling rate of 50-208ec/point and filtered at 500-1000 initial collecting tubule
Hz. P-CLAMPG6 software (Axon Instruments) was used to analyze the

data on a Dell Optiplex PC (Dell Computer). Parameter Value
Most of the seals obtained expressed channels. Many of the
patches clearly possessed more than one type of channel. The chord Cl pipette Gluconate pipette

conductance of channels was determined from the slope of-ie
relationship. Pipette voltages used typically ranged from pipette posiConductance

tive —100 to +100 mV. The signal of an active patch was monitored for  (pS) 303 £2.4 28.1 +3.3

10to 60 sec at each voltage. Mean open times were computed from theipette reversal

time a single channel spends in the level 1 state. When more than one potential (mV) -29.8 6.5 -14.1 +53

channel was evident in the patch, the open probability was computed agnitary current (pA) 0.97+0.08 0.85+0.20

the fraction of time the individual channels were in the open stateMean open time (msec) 9.3 *1.6 114 +4.2

divided by the maximal number of levels observed. Open probability 0.08 £0.03 0.08 +0.02
Results are presented as the mean value + SEM (number of charNumber of channels

nels studied). The-test for a difference between two independent per patch* 14 £0.2 1.7 +0.7

means was used to evaluate the effect of amiloride and changes in

basolateral potassium on various parameters. The values for a number of channel parameters are given under each of

two conditions. First, when the patch pipette is filled with a chloride

containing saline (9 patches) and secondly, when the patch pipette is
Results filled with a solution in which the sodium chloride has been replaced

with gluconate as the anion (3 patches). Values for unitary current,

Table 1 presents some information on the relative distri{mean open time and open probability were determined with the patch

bution of cation channels found in the apical membrang/®a9e-clamped to 0 mV. All values are presented as mesent
The number of channels per patch reflects only the number of levels

of the initial collecting tUD_L"e' Values for the frequency observed in patches when the 23 pS channel was seen. Therefore, it
of observance, the fraction of successful patch-clampannot be used as an index of channel density.
seals that contain a given type of channel, and the rela-
tive abundance of that channel are presented for tissue
dissected from control animals and from potassium-‘gluconate pipette” are data collected when the saline
adapted animals. We usually observe the nonspecifiased to fill the patch pipette had much of the chloride
cation channels in apical patches on collecting tubuleseplaced with gluconate. The conductance and pipette
taken from potassium adapted animals. As Table 1 inveversal potential of these channels average 30 pS and
dicates we rarely see the nonspecific cation channels ir30 mV, respectively, when there was chloride in the
patches on tubules of untreated animals. Thus, potagpipette. The channel is characterized by having a rela-
sium-adaptation causes an upregulation of these charively low open probability. Open probability at zero
nels. The upregulation of ENaC and maxi K channelsmV averaged 0.08 + 0.02 (9). Changing the pipette volt-
has been previously reported [29, 30, 31]. age from 0 to 80 mV showed no significant change in
Table 2 presents the average values of a number afpen probability A = -0.01 £ 0.03, 9 patches). Thus,
biophysical parameters of the intermediate conductancthe open probability is independent of voltage. When
channel. Values for two conditions are presented. Thenost of the chloride was replaced with gluconate, the
column labeled “chloride pipette” present data collectedconductance, open probability, mean open time and uni-
when normal saline is present on all surfaces of the tutary current were not different from the values obtained
bule, including the patch pipette. The column labeledfrom patches with normal saline in the pipette (Table 2).
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Fig. 1. PanelA shows representative traces of intermediate-conductance nonselective cation channels on the apical meknbgamofanitial
collecting tubule at various voltages. Each trace is 200 msec in length. The trace is filtered at 1500 Hz. The value to which the pipette is volta
clamped is indicated to the left of each trag@.indicates the closed state. Traces at positive voltages show the presence of inward-directed curren
when the channel is open. Paiiels the current-voltage plot of the same patch which is shown in panel

The lack of effect of anion replacement on these paramdirection of current changes to be an inward current at
eters together with the scarcity of other anions in thenegative pipette voltages greater than —-40 mV. The di-
patch pipette is taken to indicate that the channel is notection of current observed is consistent with the move-
carrying anions. These data are consistent with the noment of sodium from the pipette into the cell when the
tion that the current is most likely due to cations. pipette is clamped at a positive voltage and, with the
Since chloride replacement had no effect on eithemovement of potassium from the cell into the pipette
conductance or the unitary current the pipette reversalvhen the pipette is clamped at negative voltages.
potential data from patches exposed to gluconate were We studied seven patches exposed to eire 10°
not corrected for junctional potential. While the average(three patches)ro2 x 10> m amiloride (four patches).
reversal potential for channels studied in the presence dfleither dose appeared to alter the open probability of the
gluconate appears smaller, this difference is not statistichannels. The data were combined and presented in
cally significant. Approximately 1.5 channels appearedTable 3. While these data do not exclude the possibility
in each patch. It should be noted that this value may welthat amiloride may inhibit the channels at a high dose,
be an underestimate, since the open probability is so lowthey certainly do indicate that compared to the 4 pS
PanelA of Fig. 1 shows a series of representative channel this channel is relatively insensitive to amiloride.
traces of the intermediate conductance channel in a cell- We had recently reported that making the saline on
attached patch voltage clamped at a variety of voltageshe basolateral surface of the tubule hyperkalemic (15
Normal saline was present on both the apical and basanm K) activated quiescent maxi K channels into secret-
lateral surfaces of the tubule and in the patch pipetteing potassium into the luminal fluid [31]. To see if
PanelB presents the current-voltage plot of the samesomething similar would happen, we exposed this inter-
patch studied in pandl. That the data shown for positive mediate conductance channel to hyperkalemic condi-
and negative voltages are not identical is taken to inditions. Table 4 shows the results of these experiments.
cate that this patch is cell-attached, since a cell-detachefive patches were studied. When the basolateral surface
patch would yield symmetrical data. of the collecting tubule is exposed to a saline containing
One important feature of the data in Fig. 1 is that thel5 mv potassium, the open probability and open time
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Table 3. Lack of effect of amiloride on nonspecific cation channels in
Ambystomanitial collecting tubule

Parameter Value 4.3 mM K

Control Amiloride g e
Conductance (pS) 295 +2.0 312 £+ 5.1
Pipette reversal

potential (mV) -25.4 +6.4 -30.1 + 8.1
Unitary current* (pA) 1.88+0.18 1.92+ 0.28
Mean open time (msec) 9.2 £19 186 +11.3 MMWN‘MMM
Open probability 0.06 +£0.01 0.07+ 0.02
15 mM K

The control column represents the mean of the eight patches in Table
1. Seven patches (column 2) were treated with amiloride, 4 at a dose of
2 x 10°° (M) and 3 patches at 2 x 19(m). None showed an effect of

the drug so the data were combined. The values for mean open time and
open probability are for 0 mV voltage clamp.

* To facilitate measurement the values for unitary current were taken at

voltage clamp of +40 mV. All values are presented as meaav Fig. 2. Representative traces of an intermediate conductance channel
when the basolateral membrane is exposed to 413Xnfupper traces)

or 15 mm K (lower traces). Pairs of sequential traces are presented.

Each trace is 400 msec in duration. The patch was clamped to +100

B T ST e e

| 5pA

Table 4. Characteristics of nonspecific cation channelé&mbystoma
initial collecting tubule exposed to 15 wnK saline on the

basolateral surface

Parameter Value
Conductance (pS) 26.6 +4.6
Pipette reversal

potential (mV) -17.2 £2.3
Unitary current (pA) 0.63+0.13
Mean open time (msec) 17.3 +4.6
Open probability 0.14 + 0.02*
Number of channels

per patch 1.8 £0.6

mV.

course of changes in open time (PaAghnd open prob-
ability (PanelB) after increasing the basolateral potas-
sium concentration. The time necessary to attain a new
steady state after changing the potassium level was sev-
eral minutes. The change in open probability represents
an increase of nearly 85% over the control value, while
open time increased 75% (Table 4). Thus, the change in
activity is best explained by a mechanism which changes
the closing rate coefficient of the channel [22].

The average values for parameters commonly used to characterize
channels are given for 5 patches. The basolateral surface was exposed
to a saline containing 15 mK™*. The values for unitary current, mean

open time and open probability were determined with the patch voIt-DISCUSSIon

age-clamped to 0 mV. All values are presented as mesavt
* Indicates that the value is significantly different from contrBl.<
0.01.

The cloning of the three subunits of the amiloride-
sensitive ENaC channel by Rossier and his coworkers [2]
together with the observations that this is the only so-

increase significantly. We presume the shift in pipettedium channel generally found in native collecting tubule
reversal potential reflects depolarization of the restingand its high sensitivity to amiloride [21, 22, 29] have led
membrane potential associated with the change in corto the general view that this low-conductance, highly

centration of environmental potassium.

selective sodium channel is responsible for most, if not

In three of the five channels studied in Table 4, theall of the net sodium reabsorption in the late distal neph-
basolateral surface of the tubule was first exposed to aon [34].

saline containing 4.3 m K. The saline was then
changed to one with 15mK. The channel activity was

Some authors have suggested that other channel
types may contribute to sodium reabsorption by the late

monitored for 5 or more min after the fluid exchange wasdistal nephron. One candidate is the 28-30 pS, nonse-
done. Representative traces from such an experiment atective cation channel reported in a number of tissue
presented in Fig. 2. As can be seen little activity exists inculture cell lines including the rabbit collecting tubule
the presence of 4.3 mK and the channel appears to [17], cells of the rabbit inner medullary collecting duct
flicker. After several minutes of exposure of the baso-[6] and A-6 cells [12, 19]. The channel has been re-

lateral surface to a saline containing 15ankK, clear
bursts of channel activity can be seen.

ported in nonrenal native tissue such as nasal epithelial
cells [18, 20, 21, 35] and vasopressin-treated toad blad-

Figure 3 shows a representative plot of the timeder epithelial cells [9]. This channel's poor selectivity
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Fig. 3. The time course of the effect of increasing the basolateral potassium concentration from 4.3 woobbapen time (Pane)) and open
probability (PaneB). During the first 5 min the basolateral saline contained 4Bpotassium. At 5 min the saline was exchanged for one containing
15 mv potassium.

and questionable inhibition by amiloride have made itrent polarity at the apical membrane potential. Thus, the
difficult to define its physiological importance. Immu- pipette reversal potential should be equal to and of the
nocytochemical identification of these channels in sev-same polarity as the membrane potential. We observed a
eral nephron types, including the inner medullary col-pipette reversal voltage of —30 mV. The apical mem-
lecting duct of mouse [3], and their reported sensitivity tobrane voltage of the collecting tubule has been deter-
atrial natriuretic peptide [16] have been taken as argumined in only one species of potassium-adapted am-
ment for their potential involvement in net sodium reab- phibia, Amphiumalt was found to be -15 mV [14]. The
sorption. value for the transepithelial voltage of this segment in
This is the first report to identify a 30 pS nonselec- aquatic-phasémbystomas -35.7 mV [34]. Assuming
tive cation channel in a native distal nephron segmentthe basolateral membrane voltage to be -60 mV as mea-
Replacement of the chloride in the pipette with gluconatesured inAmphiuma[14], the value of the apical mem-
had no effect on the conductance of the channel. Wérane voltage should be —24 mV. The observed pipette
take this to indicate the channel has little, if any, perme-reversal potential (-30 mV) is near this value. An apical
ability to chloride. We observe this channel under con-membrane voltage between -15 and -24 mV would
ditions where the animals were pretreated with 5@ m place the R./Px ratio to be at or slightly below
potassium for a week or more prior to the experiment.1.0. Similar nonspecific cation channels have been re-
Animals maintained on tap water rarely express theported in numerous other systems [4, 5, 9, 12, 15, 16, 17,
channel. Upregulation in response to potassium stress8, 19, 21, 35]. The channel was not inhibited by either
suggests that it could be involved in potassium secretior2 x 10° or 2 x 10° m of amiloride, the higher concen-
The conductance of this channel, nearly 30 pS, andration being nearly 100 times the dose known to inhibit
the voltage at which the polarity of current reverses, —30the 4 pS sodium channel [12, 22, 29, 30]. Studies of the
mV, are virtually identical to those reported for the non- sensitivity of other nonspecific cation channels to amilo-
selective cation channel in A-6 cell lines [19]. Nonse-ride have produced mixed results. In A-6 cell line, 10
lective cation channels have in general been found tqum amiloride inhibited only 28 pS channels which had
have R /Px ratios near 1.0 [10]. This is usually evalu- been stretch activated prior to the application of the drug
ated by studying the biophysical properties of the chan{19]. On the other hand, 100m amiloride had no effect
nel in cell-detached patches under conditions where then control channels that were not stretch activated. Cells
Na and K activities are precisely controlled. It is not derived from rabbit collecting tubule [17] and the inner
practical to precisely control the ion gradients across thenedullary collecting duct of mouse [16] express inter-
patch in cell-attached patches. It is possible to estimatenediate conductance channels that are reported to be
the relative permeability of sodium to potassium from sensitive to submicromolar concentrations of amiloride.
the voltage at which the polarity reverses [4]. A nonspe-In nasal epithelial cells a nonspecific cation channel has
cific cation channel with equal permeabilities to both been found to be sensitive toulv or less amiloride by
sodium and potassium would be expected to reverse cusome authors [18, 21, 35]. More recently, Chinet and
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coworkers [4] reported that cell-detached patches fronstudies indicate that the luminal fluid that normally en-
nasal epithelial cells express a nonspecific cation channdeérs the late distal nephron of amphibia is normally very
that is insensitive to amiloride. In cell-attached patchedow in sodium content [1, 37]. The value is probably less
they observed channels that had the same conductantiean 20 nm. Since the lumen of the amphibian distal
(28 pS) but were sodium-selective and blocked by 1001ephron is an environment poor in sodium, and the cy-
wm amiloride. Lower doses of amiloride were found to tosol is rich in potassium, an apical nonselective cation
be ineffective [4]. Itis possible that excision of the patch channel should secrete potassium.
changes the characteristics of the intermediate conduc- We postulate that, at least in amphibia, these non-
tance channels. An alternative explanation is that a numselective cation channels are normally potassium chan-
ber of different, but related, intermediate conductancenels, not sodium channels as postulated for the mamma-
cation channels exist [4]. lian inner medullary collecting duct [16]. Their upregu-
Several reports on the transport properties of amlation after potassium adaptation and their activation in
phibian distal nephron segments, utilizing both micro_cqndmpns that mimic hy'perkalemla are both consistent
puncture [1, 23, 37] and microperfusion techniques [19With this hypothesis. This does not preclude the possi-
28] have indicated these tubule segments appear to gBility that under conditions of high sodium intake, lumi-

crete less potassium than their mammalian counterpard®! sodium may be elevated and this channel could well

[14, 28] where the rate of sodium reabsorption and pof&aPsorb sodium. ,
The intermediate conductance channel we study in

tassium secretion are of similar magnitudes. This obserA b h . i ith th
vation could well reflect the dietary input of the animals. mbystomashares certain properties with the nonspe-

Stiffler et al. [26] have shown that exposure of amphibiaC'fic channels studied in other species. Itis important to
to large amounts of environmental potassium greatl)ﬁme that sequence homology or antibody binding studies

stimulates the animal’s ability to secrete potassium. Oth_needed to demonstrate that these channels are related are

ers [14] could find no evidence for a conductive pathwaylaCk'ng' Thus, a ““mber of intermediate conductanpe
: L . . channels that we have discussed may represent entirely
for potassium secretion in themphiumadistal nephron.

. o ! different proteins with different physiological character-
They proposed that in amphl_b|a, the distal nephron I.aCk?stics. Undoubtedly, future studies will address this
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