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Abstract. Although acetylcholine (ACh) is able to acti-
vate voltage- and Ca2+-sensitive K+ (BK) channels in
mouse mandibular secretory cells, our recent whole cell
studies have suggested that these channels, like those in
sheep parotid secretory cells, do not contribute apprecia-
bly to the conductance that carries the ACh-evoked
whole cell K+ current. In the present study, we have
used cell-attached patch clamp methods to identify and
characterize the K+ channel type responsible for carrying
the bulk of this current. When the cells were bathed in a
NaCl-rich solution the predominant channel type acti-
vated by ACh (1mmol/l or 50 nmol/l) had a conductance
only of 40 pS; it was not blocked by TEA but it was
sensitive to quinine and it conducted Rb+ to an appre-
ciable extent. BK channels, which could be seen in some
but not all patches from resting cells, also showed in-
creased activity when ACh was added to the bath, but
they were much less conspicuous during ACh stimula-
tion than the 40-pS channels. When the cells were
bathed in a KCl-rich rather than a NaCl-rich solution, a
small-conductance K+ channel, sensitive to quinine but
not to TEA, was still the most conspicuous channel to be
activated by ACh although its conductance was reduced
to 25 pS. Our studies confirm that the ACh-evoked
whole-cell K+ current is not carried substantially by BK
channels and show that it is carried by a small-
conductance K+ channel with quite different properties.
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Introduction

Since it was recognized that the only K+ channel com-
monly seen in the basolateral plasma membranes of un-

stimulated salivary endpiece cells was the large-
conductance, voltage- and Ca2+-activated K+ (BK) chan-
nel [1, 7, 17, 21, 22, 24, 37], these channels have been
widely held to be responsible for carrying the ACh-
evoked K+ current in salivary secretory cells [28, 29].
Two lines of evidence supported this belief. First, tetra-
ethylammonium (TEA), a known blocker of BK chan-
nels, has been shown to inhibit the ACh-activated K+

current in mouse mandibular secretory cells [33], as well
as inhibiting ACh-evoked fluid secretion and ACh-
evoked K+ efflux in a variety of salivary gland types
(reviewed in [2]). Second, cell-attached patch studies
have shown that BK channel activity can be increased by
the addition of ACh to the bath solution [7, 24, 34, 37].

Recent studies on secretory cells from sheep parotid
[11], mouse mandibular [12], rat mandibular [15, 16] and
rat parotid [18] glands, however, have suggested that BK
channels do not carry the bulk of the ACh-activated K+

current. These studies have shown that the TEA-
sensitivity of the ACh-activated whole-cell K+ current,
as well as of ACh-evoked fluid secretion and ACh-
evoked K+ efflux, is due to TEA blocking the increase in
intracellular free Ca2+ ([Ca2+] i) evoked by muscarinic
agonists as part of the normal signal-transduction mecha-
nism [3, 12, 31], rather than to inhibition of K+ channels
in the plasma membranes of the secretory cells.

Although cell-attached patch clamp studies on sali-
vary secretory cells have shown that the addition of ACh
to the bath solution activates BK channels (see above),
until now the channel type actually responsible for car-
rying the bulk of the ACh-activated K+ current has not
been identified. The available whole-cell patch clamp
data suggest that this so far unidentified K+ channel
should be blocked by quinine (which also blocks BK
channels [13]), but not by TEA, and that it should be
activated by an increase in [Ca2+] i and have a significant
conductance for Rb+ [11, 12, 15]. In the present paper,
we report the results of experiments in which we usedCorrespondence to:D.I. Cook
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cell-attached patch clamp methods to identify and char-
acterize this channel.

Materials and Methods

Male Quackenbush strain mice were killed by cervical dislocation and
the mandibular glands were removed and finely chopped. To obtain
single cells for patch clamping, we incubated the chopped tissue at
37°C for 30 min in a NaCl-rich bath solution (see below) to which
1 mg/ml collagenase (Worthington Type 4, Freehold, NJ) had been
added. The cell suspension was then dispersed by trituration with a
syringe, washed twice in fresh bath solution, filtered through nylon
mesh (first with 200mm mesh and then with 75mm) and placed on
glass coverslips.

Patch clamp experiments were performed at room temperature in
a 0.3-ml chamber that could be perfused continuously. Single-channel

currents, recorded with an Axopatch-1C amplifier (Axon Instruments,
Foster City, CA), were filtered at 500 Hz and sampled at 1,000 Hz as
previously described [6]. The reference electrode was a Ag/AgCl elec-
trode placed directly into the bath. Potential differences are reported as
the cell potential relative to the bath, and conventional current leaving
the cell is defined as positive and shown as an upward deflection.

The standard NaCl-rich bath solution we used had the following
composition (in mmol/1): NaCl (145), KCl (5), CaCl2 (1), MgCl2(1.2),
NaH2PO4 (1.2),D-glucose (10), H-HEPES (7.5) and Na-HEPES (7.5);
the pH was adjusted to 7.4 with NaOH. The standard KCl-rich pipette
solution we used had the following composition (in mmol/l): KCl
(140), MgCl2 (1), D-glucose (10), EGTA (0.5) and H-HEPES (10); the
pH was adjusted to 7.2 with KOH. In experiments in which the free
Ca2+ concentration was to be buffered, we used a KCl-rich bath solu-
tion having the following composition (mmol/l): KCl (145), MgCl2

(1.2), D-glucose (10), H-HEPES (10) (pH 7.2) and EGTA (5), with
various concentrations of free Ca2+. The free Ca2+ concentration was
computed using a formula taking account of pH and the concentrations
of EGTA, Ca2+ and Mg2+ [25]. The concentrations of Ca2+ used to
produce the required free Ca2+ activities were as follows: 0.24 mmol/l
(pCa 4 8), 1.67 mmol/l (pCa4 7), 4.04 mmol/l (pCa4 6). All
chemicals were obtained from Sigma (St Louis, MO) and were of the
highest available grade; the purity of the EGTA (Sigma) was 96%.

Results are presented as means ±SEM., with the number of indi-
vidual observations (n) given in parentheses. The differences of means
were tested for statistical significance by calculating the probability
levels (P) from Student’s unpairedt-test.

Results

THE EFFECTS OFACh ON CHANNEL ACTIVITY IN

CELL-ATTACHED PATCHES

We studied the effects of ACh on channel activity in 60
cell-attached patches using a NaCl-rich bathing solution
with the potential across the patch held at the cell poten-
tial (i.e., with the pipette potential held at 0 mV). Prior
to exposure of the cells to ACh, BK channel activity was
detected in 19 patches whereas 41 patches were silent
even when the voltage was displaced by ±80 mV from
the normal cell potential, except for the occasional open-
ing in some patches of a small-conductance channel
similar to that activated by ACh (see below). In 21 of the
60 cells studied, we first stimulated the cells with 50
nmol/l ACh and then with 1mmol/l ACh; in the other 39
cells, we used only one concentration of ACh (1mmol/l).
Regardless of the ACh concentration used, in about half
of those patches that responded to ACh, stimulation re-
sulted in an oscillatory increase in channel activity (Fig.
1) which persisted for the duration of stimulation; in the
other patches that responded to ACh, the increase in
activity was steady throughout stimulation.

ACh stimulation caused BK channel activity to in-
crease in some but not all of the patches showing resting
BK channel activity, but it never evoked BK channel
activity in patches that had been silent under resting con-
ditions. Thus, of patches from 4 cells exposed to 50
nmol/l ACh which showed BK channel activity at rest,

Fig. 1. (A) Cell-attached patch recording with a KCl-rich solution in
the pipette and a NaCl-rich solution in the bath prior to addition of ACh
(top tracing), during the addition of 1mmol/l ACh (second tracing), and
following washout of ACh (third tracing). (B) A recording on an ex-
panded time scale of the period indicated by the dark horizontal bar on
the second tracing inA.The larger of the single-channel transitions are
due to a BK channel, the smaller to the 40-pS ACh-activated channel.
The potential difference across the patch was held at the cell potential.
The horizontal arrows indicate the zero current levels. Current flowing
out of the cell is shown as an upward deflection.
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none showed increased activity during stimulation, and
of patches from 19 cells exposed to 1mmol/l ACh which
showed BK channel activity at rest, only 12 showed in-
creased activity during stimulation.

The most striking effect of ACh, however, was not
an increase in BK channel activity, but the activation of
a smaller-conductance channel that was rarely seen in
resting cells. Of 21 cells stimulated with 50 nmol/1
ACh, small-conductance channel activity was seen in 7
patches, and of 60 cells stimulated with 1mmol/1 ACh,
this kind of channel activity was seen in 44 patches.

In the 21 patches studied at two dose levels of ACh,
we estimated the mean current carried by the channels in
the patch over a 30-sec period. (This current is calcu-
lated as the difference between the mean current through
the cell-attached patch over 30 sec and the baseline cur-
rent recorded when channel activity is absent). In un-
stimulated cells with the potential across the patch held
at the cell potential, the mean current carried by all chan-
nels present was 0.03 ± 0.01 pA (n 4 21); in cells
exposed to 50 nmol/l ACh it was 0.31 ± 0.16 pA (n 4
21); and in cells exposed to 1mmol/l ACh it was 1.78 ±
0.53 pA (n 4 21).

SENSITIVITY OF THE ACh-ACTIVATED CHANNELS
TO BLOCKERS

The inclusion of 10 mmol/l TEA in the KCl-rich pipette
solution evidently inhibited all BK channel activity since
channel openings attributable to BK channels were not
observed prior to or during stimulation with 1mmol/l
ACh in any of 30 cell-attached patches studied. We did,
however, observe apparently normal activation of the
smaller-conductance channel by 1mmol/l ACh (Fig. 2)
in 21 of the 30 patches studied with 10 mmol/l TEA in
the pipette solution. The single-channel current carried
by the smaller-conductance channel at 0 mV with 10
mmol/l TEA in the pipette solution (1.93 ± 0.05 pA,n4
21) was significantly (P4 0.027) less than that observed
when there was no TEA in the pipette solution (2.07 ±
0.04 pA, n 4 29) although the reason for the small
difference is unknown. The inclusion of quinine (1
mmol/l) in the pipette solution as well as 10 mmol/l
TEA, markedly reduced the activity of the smaller-
conductance channel (Fig. 3), although transitions due to
it were still observed in 12 of the 25 cell-attached patches
studied. Its single-channel current as 0 mV (1.82 ± 0.05
pA, n4 12) was not significantly different (P4 0.144)
from that observed when the pipette solution contained
only TEA.

To determine more precisely the relative contribu-
tions of the BK channels and the smaller-conductance,
TEA-insensitive channels to the ACh-evoked current re-
sponse measured in cell-attached patches, we calculated
the mean current flowing through channels in cell-

attached patches with the potential across the patch held
at the cell potential while the cells were exposed to ACh.
As shown in Fig. 4, the inclusion of 5 or 10 mmol/l TEA
in the pipette solution did not have a statistically signifi-
cant inhibitory effect on the mean current when ACh was
added to the bath. In the absence of TEA or quinine, the
mean current for the 39 control patches was 2.32 ± 0.63
pA (n 4 39), whereas in patches studied with 5 mmol/l
TEA in the pipette solution it was 2.61 ± 1.03 pA (n 4
26,P 4 0.803), and in patches studied with 10 mmol/l
TEA in the pipette it was 1.69 ± 0.52 (n 4 30, P 4
0.461). The addition of 1 mmol/l quinine as well as 10
mmol/l TEA to the pipette solution, however, signifi-
cantly reduced the current (by about 85%) to 0.24 ± 0.07
pA (n4 25,P4 0.014 for comparison with the current
recorded with 10 mmol/l TEA in the pipette solution).

CHARACTERISTICS OF THESMALL -CONDUCTANCE
ACh-ACTIVATED CHANNEL

We determined the current-voltage (I–V) relation of the
ACh-activated channel in experiments in which we in-

Fig. 2. (A) Cell-attached patch recording with a KCl-rich solution plus
10 mmol/l TEA in the pipette and a NaCl-rich solution in the bath prior
to addition of ACh (top tracing), during the addition of 1mmol/l ACh
(second tracing), and following washout of ACh (third tracing). (B) A
recording on an expanded time scale of the period indicated by the dark
horizontal bar on the second tracing inA.The potential across the patch
was held at the cell potential.
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cluded 10 mmol/l TEA in the KCl-rich pipette solution to
eliminate interfering transitions due to BK chan-
nels. The bath contained the NaCl-rich solution. We
found that theI–V relation of the ACh-activated channel
was linear (Fig. 5) with a slope conductance of 40.7 ± 1.6
pS (n 4 9) and a zero current potential of +61.3 ± 3.5
mV (n 4 8). Since the channel did not remain active in
excised patches, it was necessary to determine its ion
selectivity in cell-attached patches. We did this by de-
termining the zero current potential of the ACh-activated
channel when the pipette solution contained 72.5 mmol/l
KCl and 72.5 mmol/l NaCl. As shown in Fig. 5, under
these conditions the zero current potential was reduced to
+47.6 ± 1.9 mV (n4 9), a shift (−13.7 ± 4.0 mV, 13 d.f.)
not significantly different from that expected for a K+-
selective channel (−17.5 mV).

We investigated whether the 40-pS channel was
conductive to Rb+ by completely replacing the K+ in the
pipette solution with Rb+. As shown in Fig. 6, the chan-
nel conducted Rb+ at approximately 30% of the rate at
which it conducted K+ (14.6 ± 0.4 pS,n 4 4, vs.40.7 ±
1.6 pS,n4 9) and the zero current potential was shifted

to +40.0 ± 0.8 mV (n 4 4), suggesting that Rb+ had a
permeability relative to K+ of 0.45.

We also examined whether the 40-pS K+ channel
could be activated by increasing cytosolic Ca2+. As
meantioned above, it was very rare to observe the ACh-
activated channel once the patch had been excised. Of
24 inside-out excised patches in which we had previ-
ously observed channel activity while the patches were
still attached to cells bathed in a KCl-rich solution, the
channel was never observed when the cytosolic surface
of the excised patch was bathed in a KCl-rich solution
having a pCa of 8 or 7. When the Ca2+ concentration of
the bath was raised to give a pCa of 6, however, the
channel was reactivated in 3 of the 24 patches. Our fail-
ure to observe activation of the ACh-sensitive K+ chan-
nel in most excised patches seems unlikely to have been
due to the formation of patch vesicles, which is always a
risk when one is studying excised patches, since we were
able to observe Ca2+-activation of BK channels in 4 of
the patches even although there was no concomitant ac-
tivation of the small-conductance channels.

Finally, we examined whether increasing intracellu-
lar Ca2+ with the Ca2+ ionophore, ionomycin, could ac-
tivate the small-conductance channel in cell-attached
patches on cells not exposed to ACh. The addition of
0.2 mmol/l ionomycin to the bath activated the small-
conductance channel (Fig. 7) in 4 of 6 cell-attached
patches studied with a NaCl-rich bath solution and a
KCl-rich pipette solution not containing TEA.

THE INFLUENCE OFBATH SOLUTION COMPOSITION ON

CHANNEL ACTIVITY

A notable feature of the cell-attached patch data we have
presented is that the BK channel appears to make a much

Fig. 3. (A) Cell-attached patch recording with a KCl-rich solution plus
10 mmol/l TEA and 1 mmol/1 quinine in the pipette, and a NaCl-rich
solution in the bath prior to addition of ACh (top tracing), during the
addition of 1mmol/l ACh (second tracing), and following washout of
ACh (third tracing). (B) A recording on an expanded time scale of the
period indicated by the dark horizontal bar on the second tracing inA.
The potential across the patch was held at the cell potential.

Fig. 4. Bar graph showing the mean current flow through cell-attached
patches on cells stimulated with 1mmol/l ACh. The bath contained a
NaCl-rich solution and the pipette contained a KCl-rich solution plus
TEA (5 or 10 mmol/l), alone or together with quinine (1 mmol/l) as
marked. The potential across the patch was held at the cell potential.
The baseline current (i.e., patch current when all channels were closed)
was subtracted so that the mean current reported represents the mean
current flow through open channels.
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smaller contribution to the K+ channel activity evoked by
ACh than has been suggested by earlier reports [8,23]. It
occurred to us that this might have been due, in at least
some of the earlier studies, to the use of KCl-rich rather
that NaCl-rich bath solutions. (It is also possible in these
earlier studies that only patches exhibiting BK channel
activity at rest were seleted for further study). We there-
fore repeated our studies using KCl-rich rather than
NaCl-rich bath solutions. When we did this, we found, as
previously reported [8, 23], that ACh only increased
channel activity transiently in cell-attached patches.
Nevertheless, the pattern of channel incidence we ob-
served using the KCl-rich bath solution was similar to
that observed with the NaCl-rich bath solution. Using
the KCl-rich bath and holding the potential across the
patch at −50 mV, we observed BK channels prior to ACh
stimulation in only 6 of 22 cell-attached patches and the
addition of ACh (1mmol/l) to the bath increased the
open probability of the BK channel in those patches but

failed to induce BK channel activity in any of the other
patches. In 19 of the 22 patches, however, 1mmol/l ACh
activated a smaller-conductance channel which had not
been active prior to stimulation (Fig. 8).

We then examined the effects of inclusion of TEA
(10 mmol/l) or quinine (1 mmol/l) plus TEA in the pi-
pette solution on the effects of ACh on the mean current
carried by channels in cell-attached patches from cells
bathed in the KCl-rich solution which had been stimu-
lated with 1mmol/l ACh (Fig. 9). In the absence of TEA
or quinine, the mean current for 22 patches was 3.25 ±
0.82 pA (n 4 22) and for the 13 of these patches which
did not contain BK channels but showed small-
conductance channel activity, it was 2.05 ± 0.41 pA (n4
13). In 25 patches studied with TEA in the pipette so-
lution, the mean current was 2.33 ± 0.55 pA (n 4 25), a
difference that was not statistically significant. In 19
patches studied with quinine (and TEA) in the pipette,
however, there was a significant (P 4 0.002, compared

Fig. 5. Current-voltage relation and representative single-channel recordings in cell-attached patches of the small-conductance ACh-activated
channel studied with a NaCl-rich bath solution. The pipette solution contained 10 mmol/l TEA with either 145 mmol/l KCl (panelsA andB) or 72.5
mmol/l KCl plus 72.5 mmol/l NaCl (panelsC andD). Potential differences are given as the bath potential relative to the pipette potential.
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with the current recorded with 10 mmol/l TEA in the
pipette solution) reduction of about 90% in the mean
current to 0.17 ± 0.08 pA (n 4 19) (Fig. 9).

The I–V relation of the small-conductance channel
activated by ACh, with 10 mmol/1 TEA in the pipette
solution and with a KCl-rich bath solution, was slightly
rectifying (Fig. 10) with a slope conductance of 25.4 ±
0.4 pS (n 4 8) at negative membrane potentials and of
16.5 ± 1.8 pS (n 4 8) at positive membrane potentials.
It had a zero current potential of −3.3 ± 1.0 mV (n4 8).
When the pipette solution contained 72.5 mmol/l KCl
and 72.5 mmol/l NaCl, the zero current potential was
displaced to −19.9 ± 1.0 mV (n 4 7), a shift not signifi-
cantly different from that expected for a K+-selective
channel (Fig. 10).

Discussion

In this paper, we demonstrate for mouse mandibular se-
cretory cells that the addition of ACh to the bath acti-

Fig. 6. Current-voltage relation in cell-attached patches of the ACh-
activated channel with a NaCl-rich bath solution and a pipette solution
containing 10 mmol/l TEA with either 145 mmol/l KCl or 145 mmol/l
RbCl. Potential differences are given as the bath potential relative to the
pipette potential.

Fig. 7. (A) Cell-attached patch recording with a KCl-rich solution in
the pipette and a NaCl-rich solution in the bath prior to addition of
ionomycin (top tracing), during the addition of 0.2mmol/l ionomycin
(second tracing), and following washout of ionomycin (third tracing).
(B) A recording on an expanded time scale of the period indicated by
the dark horizontal bar in the second tracing inA. The potential across
the patch was held at the cell potential.

Fig. 8. (A) Cell-attached patch recording with a KCl-rich solution in
the pipette and a KCl-rich solution in the bath prior to addition of ACh
(top tracing), during the addition of 1mmol/l ACh (second tracing), and
following washout of ACh (third tracing). (B) Recordings on an ex-
panded time scale of the periods indicated by the dark horizontal bars
in the first and second tracings inA.The potential across the patch was
held at −50 mV.
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vates not only the BK channel, but also a smaller-
conductance K+ channel (Figs. 1 and 8). When the cells
are bathed in a NaCl-rich solution, this channel has a
conductance of 40 pS and conducts Rb+ (Fig. 6), is in-
sensitive to TEA (Figs. 2 and 4), is blocked by quinine
(Figs. 3 and 4) and is activated by increased [Ca2+] i (Fig.
7). When the cells are bathed in a KCl-rich solution, the
channel has a conductance of only 25 pA but its prop-
erties otherwise seem to be unaltered. Our inability to
reactivate the small-conductance channel in most inside-
out patches exised into a KCl-rich solution, even when
the free Ca2+ bathing the cytosolic surface of the patch is
as high as 1mmol/l (a value some 4 times the maximum
[Ca2+] i measured in these cells during ACh stimulation
[5, 12]), suggests that Ca2+ may regulate these channels
by acting in synergy with some other cytosolic constitu-
ent. An alternative explanation might be that the free
Ca2+ in the region of the membrane where the channels
are localized is far higher than is indicated by fura-2
methods, although this seems unlikely, given the rela-
tively modest increases in BK channel activity observed
in the present studies during ACh stimulation. Finally,
we find that when the cells are bathed in a NaCl-rich
solution, the small-conductance, TEA-insensitive chan-
nel carries the bulk (at least 70%) of the ACh-evoked
current through most cell-attached patches (Fig. 4).

We consider it unlikely that the 40-pS K+ channel is
a subconductance state of the BK channel because the
BK channel, unlike the 40-pS K+ channel, is sensitive to
TEA [13, 19]. That the 40-pS K+ channel conducts Rb+

also distinguishes it from BK channels which, in the
mouse mandibular gland (unlike the BK channels in the
sheep parotid [37]), do not conduct Rb+ [9].

The cell-attached patch studies carried out on cells
bathed in a KCl-rich solution showed that the ACh-
activated small-conductance K+ channel had a lower con-
ductance than when the bath was NaCl-rich. The differ-
ence in conductance of the ACh-activated K+ channel
observed with these two bath solutions cannot be attrib-
uted to differences in the transmembrane potential in the
two experimental protocols since the pipette potentials
were chosen to maintain similar transmembrane poten-
tials. Since the pattern of blocker sensitivities we have
observed for the ACh-activated K+ channels,viz.,sensi-
tive to quinine but insensitive to TEA, was the same with
the two bath solutions, we believe that the different
single-channel conductances we measured cannot be at-
tributed to activation of different channel types under the
two conditions. Why the channel conductance should be
lower when the KCl-rich bath is used is unclear, although
a change in channel properties might have resulted from
a change in intracellular pH secondary to inactivation of
Na+-H+ exchange when the KCl-rich bath solution was
used (seefor example [27]).

The present studies show that the 40-pS K+ channel

we have identified has properties similar to the ACh-
activated K+ conductance we demonstrated previously in
whole-cell studies on the same cell type [12], i.e., it is
conductive to Rb+, insensitive to TEA, blocked by qui-
nine and activated by increased [Ca2+] i. It thus seems
likely that the bulk of the ACh-activated K+ current in
mouse mandibular secretory cells is attributable to acti-
vation of the 40-pS K+ channels. Furthermore, given
that the ACh-activated K+ conductances in sheep parotid
and rat mandibular glands have also been reported to be
insensitive to TEA but blocked by quinine [11, 15], it
seems quite possible that the 40-pS K+ channel may
underlie the ACh-activated K+ current in these tissues
also.

The ACh-activated K+ channel we have observed in
mouse mandibular secretory cells has very similar prop-
erties to a K+ channel seen in HSG cells, a cell line
derived from human submandibular glands [14, 20, 32],
which has been said originate from the intercalated ducts
[20, 30]. The channel in HSG cells is muscarinically
activated and is Ca2+ sensitive, with a conductance of
about 23 pS in symmetrical K+ solutions. It conducts
Rb+ at 30% of the rate at which it conducts K+, is
blocked by quinine and, in whole-cell studies, is insen-
sitive to TEA [14, 20]. The implication for intercalated
duct function of the presence of similar Ca2+-activated
K+ channels in the HSG cell line and mouse mandibular
secretory cells is unclear although it is worth pointing out
that both cell types are thought to develop from cells
comprising the originally nonsecretory terminal tubules
[38].

Another question arising from this study concerns
the role of BK channels in the normal function of sali-
vary secretory cells. As mentioned previously, BK chan-
nels dominate the resting whole-cellI–V relation of

Fig. 9. Bar graph showing the mean current flow through cell-attached
patches on cells stimulated with 1mmol/l ACh. The bath contained a
KCl-rich solution and the pipette contained a KCl-rich solution plus
TEA (10 mmol/l) or TEA (10 mmol/l) and quinine (1 mmol/l), as
marked. The potential across the patch was held at −50 mV. The
baseline current (i.e., patch current when all channels were closed) was
subtracted so that the mean current reported represents the mean cur-
rent flow through open channels.

25T. Hayashi et al.: Ach-evoked K+ Currents in Secretory Cells



mouse mandibular secretory cells [7], but, although their
activity does increase during ACh stimulation [7, 8] (pre-
sent study), they are not a major component of the ACh-
activated K+ conductance [12]. It may be that their func-
tion is to support the initial phase of secretion, when the
increased [Ca2+] i, which is confined to the apical pole of
the secretory cells in rat lacrimal cells [35, 36] (and
possibly also in parotid cells [10]), would lead to acti-
vation of the apical anion channels without concomitant
activation of the basolateral K+ conductance. This role
of BK channels would however be diminished to the
extent that there is a Ca2+-activated K+ conductance in
the apical membrane of the secretory cells [1, 35]. Their
function is thus unclear although recent studies in rat
lacrimal cells have suggested that they may have a role in
regulatory volume decrease [26].

This project was supported by the Australian Research Council.
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