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ABSTRACT Whole-cell patch-clamp recordings of mem-
brane currents and Fura-2 measurements of free intracellular
calcium concentration ([Ca2+]J) were used to study calcium
Influx through receptor-activated cation channels in rat peri-
toneal mast ceDls. Cation channels were activated by the
secretagogue compound 48/80, whereas a possible concomi-
tant Ca2+ entry through pathways activated by depletion of
calcium stores was blocked by dialyzing cells with heparin.
Heparin effectively suppressed the transient Ca2+ release in-
duced by 48/80 and abrogated inositol 1,4,5-trisphosphate-
induced calcium influx without affecting activation of 50-pS
cation channels. There was a clear correlation between changes
in [Ca2+1; and the activity of 50-pS channels. The changes in
[Ca2+1 increased with elevation of extracellular Ca2+. At the
same time, inward currents through 50-pS channels were
diminished as more Ca2+ permeated. This effect was due to a
decrease in slope conductance and a reduction in the open
probability of the cation channels. In physiological solutions,
3.6% of the total current was carried by Ca2+. The cation
channels were not only permeable to Ca2+ but also to Mn2+, as
evidenced by the quench of Fura-2 fluorescence. Mn2+ current
through 50-pS channels could not be resolved at the single-
channel level. Our results suggest that 50-pS cation channels
partially contribute to sustained increases of [Ca2+J1 in mast
cells following receptor activation.

In many nonexcitable cells, there appear to exist two main
pathways for Ca2+ influx. One mechanism, also known as
"capacitative" Ca2+ entry (1), is linked to the filling state of
Ca2+ stores and upon depletion of cellular Ca2+ pools results
in activation of a Ca2+-selective current (2). The other
mechanism is provided by nonspecific cation channels that
may be classified as receptor- or second messenger-operated
channels (3). Capacitative Ca2+ influx may also be activated
independently of agonist stimulation by agents able to dis-
charge the Ca2+ stores, such as inositol 1,4,5-trisphosphate
(InsP3), Ca2+ pump inhibitors, Ca2+ ionophores, or excess of
Ca2+ chelators (2, 4). Mn2+ is often used as a tracer for
calcium influx since Mn2+ quenches Fura-2 fluorescence
without any interference due to intracellular calcium con-
centration ([Ca2+],) changes, provided that the correct isos-
bestic point is selected (5, 6). Mn2+ dye-quenching experi-
ments cannot unambiguously discern the pathways by which
Mn2+ (and thus Ca2+) enters the cytosol (7, 8). Using the
patch-clamp technique, Luckhoff and Clapham (9) have
shown that in endothelial cells extracellular ATP activates a
Ca2+ and inositol 1,3,4,5-tetrakisphosphate-dependent cur-
rent that admits Mn2+.

Previous experiments have shown that in mast cells, influx
of calcium occurs through two distinct pathways: nonspecific
cation channels that are permeable to divalent cations (10-12)

and a calcium-specific pathway that is activated by depletion
of calcium from internal stores (2). The nonspecific channels
are referred to as 50-pS channels, whereas the specific
pathway has been given the name IcRAC (for calcium release-
activated calcium current). IcRAc is a highly selective Ca2+
influx pathway that may be activated in parallel with 50-pS
channels following agonist stimulation of mast cells. Here we
report that intracellularly applied heparin prevents InsP3-
induced Ca2+ influx but does not interfere with agonist
activation of 50-pS channels. This allows the relation be-
tween activity of 50-pS channels and [Ca2+]i to be studied in
isolation. Our results show that the cation channels activated
by receptor stimulation are permeable to Ca2+ and Mn2+ but
only partially contribute to the plateau phase of elevated
[Ca2+], following the transient Ca2+ release from intracellular
stores.

METHODS
Mast cells from rat peritoneum were obtained as described
(13). For experiments, cells were transferred to the recording
chamber and kept in a Ringer's solution of the following
composition (in mM): NaCl 140, KCI 2.8, CaCl2 2, MgCl2 2,
glucose 11, and Hepes-NaOH 10 (pH 7.2). External solution
changes were made by pressure ejection (10 cmH2O) from a
wide-tipped puffer pipette positioned about 10-20 gm from
the cell. The standard intracellular solution contained (in
mM): potassium glutamate 145, NaCl 8, MgCl2 1, MgATP
0.5, Fura-2 pentapotassium salt (Molecular Probes) 0.1, and
Hepes-KOH 10 (pH 7.2). InsP3 (Amersham, 10 uM) or
heparin (low molecular weight, Sigma, 500 ,ug/ml) was added
when desired. Experiments were performed at room temper-
ature (22-26°C) in the tight-seal whole-cell configuration of
the patch-clamp technique using Sylgard-coated patch pi-
pettes with resistances of 2-5 MQl. Series resistances were in
the range of 5-20 MQl. Membrane currents were recorded as
described (2). Variance analysis was used to identify the
activation of 50-pS cation channels. This was performed
on-line at a rate of 0.5-1 Hz by sampling 500-ms sections of
membrane currents with a sampling rate of 5 kHz and
low-pass filtered at 500 Hz (effective bandwidth: 2-500 Hz).
Measurement of Fura-2 fluorescence from single mast cells in
the whole-cell configuration was essentially as described
(14). Experiments for estimating calcium fluxes through
50-pS channels and ICRAC were performed by loading cells
with a high concentration of Fura-2 (2 mM) according to the
method described by Neher and Augustine (15). Leak cur-
rents were determined before activation of the respective
influx pathways and used for leak correction of currents
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induced by square voltage pulses to negative membrane
potentials (-100 mV). A ratio was defined between the
absolute change in the calcium-sensitive fluorescence signal
of Fura-2 (390 nm) and the leak-corrected current integral
according to

R = AF39/ fIdt,

where R is the ratio, AF390 is the change in fluorescence at 390
nm, and fIdt is the current integralof ICRAC orI5ops measured
during the voltage pulse.

RESULTS

Two Components of Ca2+ Influx in Rat Mast Cells. We have
previously described the presence of two Ca2+ influx path-
ways in mast cells. One is carried by 50-pS cation channels
(11) and the other is carried by a highly selective Ca2+ current
(IcRAc) that is controlled by the filling state of intracellular
Ca2+ stores (2). Both pathways may be operating in parallel
since agonists may activate cation channels through G pro-
teins and Ca2+ release from intracellular stores through InsP3
production.
When mast cells are challenged with secretagogues that

induce inositol phospholipid breakdown, one usually ob-
serves a transient release of Ca2+ from intracellular stores
followed by a sustained [Ca2+]i increase that is due to Ca2+
influx (11). The amplitude and duration of this plateau phase
of elevated [Ca2+], can be quite variable. Fig. 1A illustrates
this variability by showing two typical responses induced by
compound 48/80. Although the inward current in these cells
was of the same magnitude, the plateau phase was quite
different. We found more cells showing a low plateau phase
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FIG. 1. Receptor- and InsP3-mediated Ca2+ influx. (A) Examples
of changes in [Ca2+]i and membrane current induced by agonist
stimulation with compound 48/80 (5 ,ug/ml). The upper traces show
inward currents recorded at -40 mV in Ringer's solution extracel-
lular calcium concentration {2 mM ([Ca2+]o)}. Note the similar
amplitudes of inward current but the different amplitudes of [Ca2+]i
plateau (lower traces). (B) Effect of internally applied heparin on

Ca2+ influx triggered by InsP3. The upper trace shows the voltage
protocol. The superimposed bottom traces show [Ca2+]i calculated
from Fura-2 fluorescence for two cells perfused with InsP3 in the
presence or absence of heparin. Hyperpolarization-driven Ca2+
influx accompanied each step to -40 mV in the cell without heparin,
due to the activation by InsP3 of the Ca2+-influx pathway triggered
by depletion of internal Ca2+ stores (ICRAC)- In the cell with heparin,
Ca2+ influx occurred only initially and then rapidly died out.

(left panel) than a high plateau (right panel) (see also ref. 10).
The difference between the resting [Ca2+]1and the sustained
[Ca2+], increase was 113 ± 24 nM (mean ± SEM, n = 13) and
1030 ± 189 nM (n =7) for low and high plateaus, respectively.
In the same experiments, however, no difference was noticed
between the mean current amplitudes (-3.3 ± 0.6 pA for low
plateaus and -3.4+ 0.5 pA for high plateaus) and no
correlation could be found between the peak Ca2+-release
transient and the sustained [Ca2+]i increase.
To investigate the contribution of 50-pS channels to the

sustained phase of elevated [Ca2+]i it was necessary to
prevent activation ofICRAC. Heparin has been reported to
inhibit InsP3-dependent release of Ca2+ from internal stores
by blocking the InsP3 receptor (16). As shown in Fig. 1B,
heparin also prevented the Ca2+ influx induced by InsP3. The
superimposed traces show [Ca2+], from mast cells dialyzed
via patch pipettes containing InsP3 without and with heparnn.
Without heparin, large hyperpolarization-driven increases in
[Ca2+], were observed, as expected from InsP3-dependent
activation of the calcium-specific influx pathway (10). Similar
results were observed in 14 of 18 mast cells dialyzed with
InsP3. With heparin, however, the pattern was different: only
a few episodes of hyperpolarization-driven influx were ob-
served following break-in, and the response died out with
time, presumably as heparin diffused into the cell. In the
presence of heparin, InsP3-induced Ca2+ influx was blocked
in 78% (18 of 23) of the cells.

Ca2+ Influx Correlates with Activity of 50-pS Channels. In
83% (139 of 167) of the cells, heparin abolished the large
transient increase in [Ca2+]i normally stimulated by com-
pound 48/80, which has been shown to be caused by release
of Ca2+ from InsP3-sensitive stores (11). In mast cells per-
fused with heparin to prevent activation of calcium influx via
ICRAc, compound 48/80 activated an inward current at -40
mV (Fig. 2A). This potential was chosen to minimize con-
taminating chloride currents, which reverse at about -40
mV. This current represents activation of 50-pS channels, as
verified by the variance increase, which is a fingerprint for
activity of 50-pS channels in mast cells (11). In the absence
of external Ca2+, compound 48/80 produced no change in
[Ca2 ]+ in the heparin-treated cells; in the presence of external
Ca2+, an increase in [Ca2+], was correlated with the inward
current, suggesting that the 50-pS channels conduct calcium
(Fig. 2A).

In the examples shown in Fig. 2A, it is apparent that,
although the change in [Ca2+]i elicited by activation of 50-pS
channels increased with increasing external calcium, the
amount of current declined with increasing calcium. The
overall relationship is summarized in Fig. 2B, where the peak
change in [Ca2+], was plotted as a function of the peak current
for a number of cells (n = 16-29) at three levels of [Ca2+]O.
The slope of the linear regression was found to be 13 nM/pA
of inward current at 2 mM [Ca2WI, increasing to 34 nM/pA
in 5 mM [Ca2+]b and 96 nM/pA in 10 mM [Ca2+]b.
To establish the mechanism by which external calcium

reduces current through 50-pS channels, the single-channel
activity was observed in whole-cell recordings at different
levels of[Ca2+]. Because ofthe relatively large single-channel
current through 50-pS channels compared to the chloride
channels (10) and compared to IcRAc (17), and because of the
paucity of other ionic conductances in mast cells, individual
openings of single 50-pS channels can be resolved in whole-cell
recordings. To keep the overall level of activity low so that
individual openings could be readily observed, spontaneous
openings of 50-pS channels were recorded in unstimulated
cells (10). We found that increasing external calcium from 2
mM to 10 mM affected the amplitude and the kinetics of 50-pS
channel events, as illustrated in Fig. 3. The slope conductance
declined from 42 pS in 2 mM [Ca2+] to 36pS in 10mM [Ca2b]0,
in agreement with previous results showing that single-channel
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FIG. 2. Relation among current through 50-pS cation channels and [Ca2+]i. (A) Examples of membrane current (upper traces) activated by
application ofcompound 48/80 (5 ,ug/ml) and the simultaneously determined [Ca2+]i (lower traces) from three different mast cells at the indicated
concentrations of external calcium. The duration of secretagogue application is indicated by the line above the traces. Heparin was present in
the pipette solution in all three cells to suppress IcRAc, and the holding potential in each case was -40 mV. The inward current elicited by
compound 48/80 is due to activation of nonspecific cation channels (50-pS channels). (B) Summary of the relation between the peak change in
[Ca2+]i and the peak inward current elicited by compound 48/80. Each point represents the result from a single cell. The straight lines were
fitted to the data by a least-squares criterion and had slopes of 13, 34, and 96 nM/pA of inward current for 2, 5, and 10 mM [Ca2+]0, respectively.

conductance was smaller in external solutions
elevated divalent cation concentration (11). In
average open duration and the overall frequer
were reduced in 10 mM [Ca2WI0, so that the fri-
that one or more 50-pS channels were open (i.e
n is the number of channels and po is the open F
a single channel) declined from 0.097 ± 0.020 in
to 0.061 ± 0.020 in 10 mM [Ca2+10 (mean ± 5
Taken together, the effects of external calciur
conductance and np. predict that the whole-cell c
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FIG. 3. Effect of external calcium on activity of S

Individual traces show samples of single channels ol
whole-cell recordings from an unstimulated mast cell 1

(upper traces) or 10mM (lower traces) [Ca2+]k. Pipett
-60 mV. Traces were selected to show channel activ
representative of the overall frequency of channel op
ing bandwidth: 2-500 Hz.

containing an agonist activation of 50-pS channels in 10 mM [Ca2+]b should
addition, the be about 50% of the current in 2 mM [Ca2+]. This is in
ncy of events reasonable agreement with the mean whole-cell current mea-

action of time sured during agonist activation (1.4 pA in 10 mM [Ca2+]0 vs.

npo, where 3.4 pA in 2 mM [Ca2+]0, mean values derived from Fig. 2B).
3robability for Mn2+ Influx Through 50-pS Cation Channels. The quench-
2 mM IICa2+h ing of Fura-2 fluorescence by Mn2+ has been widely used to
;EM, n = 5). study divalent cation influx. Because our results indicate that
m on channel 50-pS channels are permeable to Ca2+, we examined whether
current during the channels would also pass Mn2+, producing a quenching

of Fura-2 fluorescence associated with channel activation.
Fig. 4A illustrates that agonist stimulation in the presence of
external Mn2+ (1 mM) caused a decrease in Fura-2 fluores-
cence at its isosbestic wavelength (360 nM), consistent with
quenching by Mn2+ influx. The quenching of fluorescence
followed the time course of the current through 50-pS chan-

, nels, showing a slow recovery as the current inactivated. This
suggests that Mn2+ influx occurred via 50-pS cation channels.
We assessed the initial rate of fluorescence quenching by
measuring the slope of Fura-2 fluorescence decrease (cor-
rected for by the slope ofthe Fura-2 signal before application)
while applying Mn2+ in the absence (control cells) or pres-
ence (stimulated cells) of48/80. A basal Mn2+ quenching was
always observed in unstimulated control cells (slope = -0.6

0.1, arbitrary fluorescence units/s, mean ± SEM, n = 6).
may by spontaneous 50-pS activity

50 ms or other Mn2+ entry pathways. During activation of 50-pS
channels, the measured slope was -1.5 ± 0.2 (n = 7). This

corresponds to a 2.5-fold average increase in the rate of
fluorescence quenching in stimulated cells. We also at-

4 dp tempted to look directly for Mn2+ current via 50-pS channels
by examining the activity of single 50-pS channels in whole-
cell recordings in the presence of Mn2+ as the only external
cation. As shown in Fig. 4B, the spontaneous channel activity
visible in Ringer's solution containing 2 mM Ca2+ disap-
peared in the presence of isotonic Mn2+ solution (115 mM

50-pS channels.
MnCl2)-

tbserved during Ca2+ Selectivity of50-pS Channels. We compared the Ca2+
bathed in 2mM selectivity of 50-pS channels with that of IcRAc, which we
te potential was have previously found to be equivalent to that of voltage-
rity and are not activated calcium channels in chromaffin cells (17). This was
)ening. Record- achieved by using Fura-2 as the dominant intracellular buffer

and recording both changes in the Ca2+-sensitive fluores-

2 Ca2+ 5 Ca2+
0

0

. . . . .

°0Ca 2+

F ~~~~~0
I0 .°

-AdALU-,
r, ri-wiv0"1"7

&Ah"

A-M.h..AAA AmjmL.KMIL- -1 I

VVIPOW..-,WWI" VW" 1.

JU-M
- -T-iywww F

3070 Cell Biology: Fasolato et al.

I.& A, JL -1 -L.A J AL.jL-

'"r

bi-t 60I-VT-
jjkA.-.--hA - Mkdh&MIAA.

IWW'O'",wir-rw-44



Proc. Natl. Acad. Sci. USA 90 (1993) 3071

A :. 400 1=,M 1^X

c
c E

=~~~~~~~~~~~5so

B 2mM [Ca2+]0

isotonic [Mn2I(],
Cl

I(J10 ms

FIG. 4. Influx of Mn2+ via 50-pS channels. (A) Changes in membrane current (upper trace) and Fura-2 fluorescence (lower trace) in response
to compound 48/80, applied in Ca2+-free Ringer's solution containing 1 mM Mn2+ and 0.1 mM EGTA. The holding potential was -40 mV, and
the pipette solution contained heparin. (B) Openings of 50-pS channels in whole-cell recordings before and during perfusion with isotonic Mn2+
(115 mM MnCl2). The traces show samples of membrane current at a holding potential of -40 mV from an unstimulated mast cell bathed in
2 mM [Ca2+]0.

cence (390 nM) and whole-cell currents through 50-pS chan-
nels. Under these conditions, all incoming Ca2+ will bind to
Fura-2 and together with the current integral this can be used
to quantify the relative proportion of calcium that entered the
cell during the current flow (15). Fig. 5 shows an example of
a cell bathed in Ringer's solution containing 10 mM Ca2+ and
intracellularly perfused with high Fura-2 (2 mM) and heparin.
After loading was completed, 50-pS channels were activated
by 48/80. Hyperpolarizing voltage pulses (-100 mV) were
delivered before and after activation of the current to in-
crease the driving force for calcium influx. The net inward
current in response to these pulses was accompanied by a
decrease in the Fura-2 fluorescence at 390 nm (see magnified
inset). Similar experiments were carried out using InsP3 or
ionomycin to activate ICRAC (data not shown, but see ref. 17).
The ratio between the absolute amount of fluorescence
reduction and the net charge transfer during the current flow
(see Methods) was 15.6 ± 1.7 units-pA-1 s-1 (mean ± SEM,
n = 6) for 50-pS channels and 78.5 ± 20.3 units pA-1 s-1 (n
= 3) for ICRAC. Dividing these values gives a ratio of 0.20 of
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FIG. 5. Ca2+ selectivity of 50-pS channels. The Ca2+ selectivity
of 50-pS channels was determined in comparison with that of ICRAC-
50-pS channels were activated by 48/80, whereas concomitant
activation of ICRAC was prevented by intracellular perfusion with
heparin. Changes in the Ca2+-sensitive fluorescence at 390 nm and
whole-cell currents were recorded in the presence of 2 mM Fura-2 as

the dominant intracellular buffer (10 mM external Ca2+). Inward
currents were measured during hyperpolarizing voltage pulses to
-100 mV (lower panel) delivered at the times indicated by the
arrows. From the ratio between the fluorescence reduction (upper
panel: thicker arrow and magnified inset) and the net charge transfer
(lower panel), we estimated the relative Ca2+ selectivity of 50-pS
channels compared to that of ICRAC (see Methods and Results).

calcium current through 50-pS channels compared to ICRAC.
The same experiments, when carried out in 2 mM instead of
10 mM external Ca2+, resulted in 2.9 ± 0.4 units pA-1 s-1 (n
= 4) for 50-pS channels and 79.0 ± 10.1 units-pA-1 s-1 (n =
5) for ICRAC. This yields a relative ratio of 0.036 of calcium
current through 50-pS channels compared to IcRAC, under
physiological conditions.

DISCUSSION
By analyzing the inward currents activated by agonist stim-
ulation and the resulting changes in [Ca2+]1, we have deter-
mined the contribution of cation currents to receptor-
mediated Ca2+ influx in mast cells. We discuss the relative
Ca2> permeability of a nonspecific cation channel and a
highly selective Ca2+ influx pathway that is controlled by the
filling state of intracellular Ca2> stores (ICRAC). The nonspe-
cific cation channel was previously characterized as a 50-pS
channel that is probably activated by G protein and inhibited
by protein kinase C. Although its activation by secretagogues
is often associated with Ca2+ mobilization from intracellular
stores, the 50-pS channel is not directly activated by either
Ca2+ or InsP3 (11).
We employed heparin to prevent the InsP3-induced Ca>2

influx through ICRAC to study 50-pS channels in isolation. In
the presence of heparin, activation of 50-pS channels induced
a long-lasting Ca2> increase dependent on [Ca2>]O. However,
at higher external calcium, the current carried through 50-pS
channels was effectively reduced. As previously suggested,
high [Ca2+], may exert a negative feedback role (11). The
present data suggest that increasing [Ca2+]o affects the ki-
netics and the amplitude of 50-pS channels as is apparent
from the decrease in the overall open probability accompa-
nied by a minor reduction in the slope conductance. The
reduction in the unitary conductance by Ca2+ ions permeat-
ing through cation channels has also been observed in
cGMP-, nicotinic acetylcholine-, N-methyl-D-aspartate-, and
ATP-gated channels (18-21). It seems to be a general feature
of nonspecific cation channels and has been interpreted as a
screening effect of divalent cations at the entrance of the
channel (19). However, the reduction in the macroscopic
current also appears to be influenced by the reduced open
probability observed at higher Ca2+ concentrations. This
contrasts with the recently described properties of the neu-
ronal-type nicotinic channel, where, despite a reduced uni-
tary conductance, an increase in the open probability ac-
counts for an overall increase in the macroscopic current
observed at higher external Ca2+ (22).
A large number of studies on Ca2+ influx has employed

Mn2+ as a surrogate of Ca2+ by measuring Mn2+-induced
quenching of Fura-2 fluorescence. Our finding that the 48/
80-induced cation current was paralleled by fluorescence
quenching of Fura-2 suggests that 50-pS also admit Mn2+
ions. Although unitary currents were previously measured
using isotonic BaCl2 solution (10), similar recordings could

48/80
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not be obtained with Mn2+. This may be due to small,
vanishing single-channel currents or to extremely short open
times of the channels in isotonic MnCl2 solution.
Although most of the inward current through 50-pS chan-

nels is carried by Na+, the cation channels show a significant
permeability to Ca2+ ions. The rather small current flowing
through 50-pS channels and the relatively high contribution of
the chloride current (10) at positive potentials prevent an
accurate estimation of permeability ratios by reversal poten-
tial measurements. We used another approach to better
quantify the Ca2+ permeability (15, 23) in which Fura-2 was
used as the dominant intracellular Ca2+ buffer to report all
incoming Ca2+ through 50-pS cation channels during a hy-
perpolarizing voltage step. The ratio between the change in
the Ca2+-sensitive fluorescence signal of Fura-2 and the
current integral can be compared with the ratios, experimen-
tally determined in a similar way, for IcRAc and voltage-gated
Ca2+ currents. Since IcRAc has a Ca2+ selectivity equal to
that of voltage-gated Ca2+ channels (17) and can therefore be
considered as a "pure" Ca2+ current, one can estimate from
the above-mentioned relationships the proportion of 50-pS
current carried by Ca2+ ions. Under physiological conditions
(i.e., 2 mM external Ca2+) 3.6% of the current through 50-pS
channels is carried by Ca2+. This value increased to 20% in
the presence of 10 mM external Ca2+.
The constant-field current equation (Goldmann-Hodgkin-

Katz current equation) can now be used to estimate the
permeability ratio PCa2+/PM, where PM is the permeability to
Na+ and K+ ions (24). Starting from the Ca2+ permeability
measured with the method described above and assuming
Na+ and K+ ions to be equally permeant and Cl- and Mg2+
ions to be impermeant, we obtained for the ratio PCa2+/PM a
value of 0.7 (2 mM external Ca2+) and 1 (10 mM external
Ca2+). If one considers ionic activities instead of ionic
concentrations, one arrives at slightly higher selectivity ra-
tios, since the activity coefficient -y for Ca2+ is considerably
smaller than for monovalents in solutions of physiological
compositions [y = 0.27 for Ca2+ and y = 0.77 for Na+ or K+,
as reported (19)]. This will increase the ratio PCa2+/PM to 2.1
and 2.8 for 2 and 10 mM external Ca2+, respectively. Among
the nonspecific cation channels, the 50-pS channel shows a
relatively high Ca2+ selectivity compared to the serotonin
type 3 channel [PCa2+/PNa+ = 0.55 (25)], the muscle nicotinic
acetylcholine channel [PCa2+/PNa+ = 0.29 (26)], and the a-ami-
no-3-hydroxy-5-methyl-4-isoxazolepropionate/kainate
channel [PCa2+/PNa+ = 0.15 (24)]. A similar or higher Ca2+
selectivity was reported for two other types of nonspecific
cation channels: the ATP-gated channel described in smooth
muscle cells [PCa2+/PNa+ = 3.3 (21)] and the N-methyl-D-
aspartate-gated channel found in central neurons [PCa2+/PNa+
= 10.6 (24)]. One should, however, be cautious in comparing
these data because different ionic conditions and activity
coefficients were used.

Following agonist stimulation, a plateau phase of elevated
[Ca2+]j due to Ca2+ influx is observed in mast cells. As shown
in Fig. 1A, in the absence of heparin, large differences in the
size of the plateau were evident from cell to cell within a
preparation or, more strikingly, across preparations. A pos-
sible explanation of this variability is that the small plateaus
(seen in about 74% of the cells) represent influx due solely to
50-pS channels, whereas large plateaus are observed in cells
in which the more potent Ca2+-influx pathway, ICRAC, is
recruited. However, this does not seem to be the case; even

the smaller plateaus, which average about 100 nM above
resting [Ca2+],, were larger than the increase of about 50 nM
expected from the observed relation between [Ca2+]j and
current through 50-pS channels (3-4 pA of current; 13
nM/pA at 2 mM [Ca2+]h). This suggests that without heparin,
ICRAC contributes more than half of the plateau increase in
[Ca2+], in cells with a small plateau phase. A different
explanation is required, then, for the 20-30%o of cells that
show large plateaus (elevation of about 1 AM in [Ca2+],);
analysis of the amplitude of IcRAc suggests that the large
plateaus may occur in cells that have an unusually high
density of IcRAc (17). Thus, although the Ca2+ permeability
of the 50-pS channels is significant, most of the incoming
Ca2+ following agonist stimulation in intact mast cells is
probably the result of activation of IcRAc.
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