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Summary. Calcium channels in GH 3 cells exhibit at least five 
conductance levels when examined in cell-attached or outside- 
out patches. These channels resemble the high threshold Ca 2+ 
current in their range of activation and inactivation, and in their 
sensitivity to dihydropyridines (DHP). Mean open times for the 
five levels were brief (< 1 msec) in control solutions but increased 
in the presence of BAY K 8644. In 100 mM Ba z+ and BAY K 
8644, the five predominant slope conductances were 8-9, 12-13, 
16-18, 23-24, and 28 pS. The present study is the first report of 
multiple levels of the DHP-sensitive C a  2 + channel occurring with 
high frequency in native membranes. The range of conductance 
levels that we observed encompasses the range of conductances 
found for two other different types of Ca 2+ channels and indicates 
that unit conductance should be used with caution as a distin- 
guishing characteristic for identification of different channel 
types. 
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Introduction 

A number of different types of voltage-dependent 
Ca 2+ channels are known to coexist in neurons, car- 
diac cells, and endocrine cells. Much attention has 
been placed on the distinguishing characteristics of 
the channels and their relationship to functional 
properties such as transmitter release, neuronal 
growth, and spontaneous electrical activity. A Ca 2+ 
channel that has a relatively high activation thresh- 
old, exhibits a sustained current under whole-cell 
voltage clamp, and is sensitive to inhibition by the 
dihydropyridines (DHP), is often referred to as the 
L-type channel (LLinas & Yarom, 1981; Nowycky, 
Fox & Tsien, 1985b; also see for review, Tsien et 
al., 1988). This DHP-sensitive channel is a major 
pathway for spontaneous and stimulus-evoked in- 
flux of Ca 2+ in the GH 3 anterior pituitary cell line 
(Cohen & McCarthy, 1987). The GH 3 cell also has a 
T-type Ca 2§ channel that is DHP insensitive, low 

threshold, and rapidly inactivating (Matteson & 
Armstrong, 1986; Cohen & McCarthy, 1987). A third 
N-type channel (Nowycky et al., 1985b) with high 
activation threshold, moderately rapid inactivation 
kinetics, and an insensitivity to DHP, does not ap- 
pear to be present (Cohen & McCarthy, 1987; D.L. 
Kunze & A.K. Ritchie, unpublished observations). 

One of the criteria that has evolved for classify- 
ing the different types of Ca 2§ channels has been the 
amplitude of the single-channel currents. In contrast 
to most previously reported studies of the L-type 
Ca 2+ channel in native membranes, including those 
with GH 3 cells (Hagiwara & Ohmori, 1983; Arm- 
strong & Eckert, 1987), we find that the DHP-sensi- 
tive channel in G H  3 cells exists, not as a channel 
of single unitary amplitude, but one that exhibits a 
minimum of five different conductances. This work 
reinforces the need to carefully examine channel 
characteristics other than amplitude as a criterion 
for classification of multiple channel types. Although 
the mechanisms responsible for the appearance of 
the particular conductance levels is as yet unknown, 
the potential for regulation of calcium influx by ma- 
nipulation of the state of the channel exists. Finally 
this work will be of interest to those researchers 
interested in the structure-function relationship of 
ion permeation. A preliminary account of these stud- 
ies has been previously reported (Kunze & Ritchie, 
1989). 

Materials and Methods 

The GH3 cell line was obtained from the American Type Culture 
Collection (Rockville, MD). The cells were maintained at 37~ 
and 5% CO 2 in HAM's F10 medium containing 15% heat-inacti- 
vated horse serum and 2.5% fetal calf serum. The cells were used 
for electrophysiological recording 1-10 days after plating. Similar 
solutions were used for whole-cell recording and for recording 
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single channels from outside-out patches. The pipette contained 
(in raM): 105 N-methyl-D-glucamine (NMDG), 110 aspartic acid, 
15 ethylene glycol bis-(13-aminoethyl ether) N,N,N',N'-tetraace- 
tic acid (EGTA), 5 [1,2-bis(2-aminophenoxy) ethane-N,N,N',N'-  
tetraacetic acid] (BAPTA), 10 N-2-hydroxyethyl piperazine-N'2- 
ethane sulfonic acid (HEPES), 2.5 MgC12, with adjustment to 
pH 7.2 with CsOH (solution A). In addition, 0.5 theophylline 
bromide, 1.6 ATP, 0.1 cAMP and 0.1 to 1 GTP were often included 
to help stabilize the currents. In a few instances the pipette solu- 
tion used to record from outside-out patches contained (in mM): 
124 CsCI, 11 EGTA, 1 CaClz, 2 MgCI 2 and 10 HEPES, pH 7.2 
(solution B). The bathing solution contained 100 BaClz and 10 
HEPES, with pH adjusted to 7.2 with BaOH or KOH (solution 
C). The latter solution was also used in the pipette for single- 
channel recordings from cell-attached patches. The bathing solu- 
tion, when recording from cell-attached patches, contained (in 
mM): 140 KAspartate (KAsp), 10 EGTA, 10 HEPES and 1 MgCI~, 
pH adjusted to 7.4 with KOH (solution D). (+-) BAY K 8644 
and nimodipine were kindly supplied by A. Scriabine of Miles 
Laboratories, West Haven, CT. All experiments were performed 
at room temperature. 

Patch pipettes of 3-10 Mf~ resistance were prepared from 
thin walt borosilicate glass (WPI) or 7052 or 8161 glass (Garner 
Glass). Pipettes were fire polished and, in some instances, coated 
with Sylgard. The ground electrode was a silver-silver chloride 
pellet connected to the bath via a KCI agar bridge. Potential 
differences between the recording pipette and the bath ground 
were nullified prior to seal formation. Data were recorded using 
the List EPC7 patch-clamp amplifier. Voltages that are reported 
have been corrected for the liquid junction potential (ljp). The ljp 
was measured as the potential difference between the recording 
solution and the bath solution after the two solutions were con- 
nected via a KCI agar bridge. A correction of - 13 mV was re- 
quired when the bath contained 100 mM BaCI 2 and NMDG- 
Aspartate solution was in the recording electrode. No correction 
was applied when using 100 mM BaC12 in the pipette and KAsp in 
the bath since the ljp between these two solutions was only 1 inV. 

The whole-cell data were stored on FM tape. The data were 
analyzed manually after playback at a sevenfold slower speed 
onto a Gould strip chart recorder or by computer after digitiza- 
tion. The single-channel data were analog filtered at a cutoff 
frequency of 5-10 kHz (4-pole Bessel Filter, - 3  dB; Wavetek, 
San Diego, CA) and digitized on-line at 10-20 kHz. A 4-pole 
zero phase digital filter was used during the analysis for further 
filtering. Data were analyzed using a threshold, half-amplitude 
method (Lux & Brown, 1984). Amplitude histograms were con- 
structed either from the idealized data (see Fig. 2, the Table) or 
from all data points (see Fig. 4). All current traces, whole cell 
and single channel, are illustrated with negative current (positive 
charges moving from the extracellular to intracellular side of the 
membrane) in the downward direction. All voltages are reported 
relative to the extracellular side of the membrane. 

R e s u l t s  

PROPERTIES OF THE W H O L E - C E L L  CURRENT 

The voltage- and time-dependent properties of the 
whole-cell currents were examined in order to design 
the protocols for the single-channel studies. In 
whole-cell voltage-clamp recording with 100 mg 

A B 
100 rnM Ba  + +  

+17 r 
-13 - -  - -  
-53 
-93 

-93 

- 5 3  

~-la k---r- 

IO0 pA L 
500 ms 

-200 

-150 

-100 

-50 

o 

Test Potential 
�9 -23  mV 
�9 -13  mV 
�9 +17 rnV 

- 1 0 0  - 6 0  - 2 0  20  60  
Pre0ulse Potential (mV) 

V (mV) 
-120 -80 -40 0 40 80 

~ l d d ~ _  1.00 -50 
�9 Total 1 
�9 Low Threshold 
�9 High Thresh 

I (pA) J._150 

Fig. 1. Whole-cell recording in 100 mM Ba 2+. (A) Examples of 
current traces in response to a 400-msec voltage step to - 13 
mV from a holding potential of - 9 3  mV, with or without 1-sec 
prepulses to the indicated potentials. Leakage current has not 
been subtracted from the current traces. (B) Effect of prepulse 
potentials of 1-sec duration on test pulses to - 13, - 2 3  and + 17 
mV. A linear leakage current has been subtracted from the current 
amplitudes. (C) The circles represent the mean peak amplitudes 
measured upon stepping to the indicated potentials. The error bar 
indicates SEM for three determinations made in the same cell. The 
low threshold component of current (triangles) was determined as 
the portion of the total current that was inactivated by prepulses to 
- 5 3  InV. These were determined for the three test potentials 
illustrated in B above. The currents evoked by the two test poten- 
tials more negative than - 2 3  mV were also abolished by pre- 
pulses to - 53 inV. The remainder of the current is represented 
as the high threshold component (squares). Recordings were 
made with solutions A (pipette) and C (bath). 

barium as the ion-carrying species, a voltage step to 
- 13 mV from a holding potential of - 93 mV shows 
a rapidly inactivating and a slowly inactivating com- 
ponent (Fig. 1A). The rapidly inactivating compo- 
nent was eliminated by a 1-sec prepulse to - 53 mV 
and the slowly decaying component was partially 
inactivated by 1-sec prepulses in the voltage range 
between - 40 and + 20 mV (Fig. 1A and B, squares). 
In the prepulse step to + 17 mV, a portion of the 
high threshold current can be seen to inactivate with 
a moderately rapid time course, but slower than 
inactivation of the low threshold current. A plot of 
the total current activated at different step potentials 
is shown in Fig. 1C, circles. The rapidly inactivating 
component of current that is eliminated by prepulses 
to -53 mV is indicated by the triangles. This low 
threshold, or T-type channel, activates around - 53 
and peaks around -20  mV. The high threshold, or 
L-type, current (squares), plotted as the fraction of 
total current that remains after prepulses to -53 
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Fig. 2. Channel  activity in a cell-attached patch. Depolarizing 
pulses  of  300-msec durat ion were applied every 6 sec to 0 mV 
from a holding potential  of  - 4 0  mV. Representat ive  traces are 
shown in (.4) with a portion of each trace shown on an expanded 
time scale in (B). The  lines are the values for the mean  ampli tudes 
obtained for a multiple Gauss ian  fit to the single-channel  ampli- 
tude his togram (C) for this patch (1747 openings).  The ampli tude 
his togram was cons t ruc ted  from idealized data, as described in 
Materials and Methods .  Data were filtered at 2.5 kHz for ampli- 
tude analyses  and at 1 kHz  for illustration. Recordings were made 
with solutions C (pipette) and D (bath). 

mV, activates around - 2 0  and peaks at + 20 mV. 
In agreement with others, we have found that DHP 
antagonists (nimodipine) and agonists (BAY K 
8644), when used at a concentration of 1/ZM or less, 
respectively inhibit or amplify the high threshold 
current, while the low threshold current is DHP in- 
sensitive. Higher concentrations of the DHP com- 
pounds are known to act in a nonselective manner 
(Hume, 1985; Yatani & Brown, 1985; Akaike, 
Kostyuk & Osipchuk, 1989). 

The above described properties were used to 
determine the requisite conditions needed to study 
single high threshold channels in membrane patches 
without contamination from low threshold channels. 
This was achieved by holding the patch at, or more 
positive than, - 4 0  mV. 

SINGLE-CHANNEL ACTIVITY IN CONTROL 
PATCHES THAT WERE NOT EXPOSED 
TO BAY K 8644 

In the cell-attached mode the cells were bathed in 
140 mM KAsp to bring the membrane potential to 0 
inV. Depolarizing pulses from a holding potential of 

Table.  

a b c d f 

Ampli tude 0.42 0.60 0.82 1.03* 1.49* 
_+ 0.06 _+ 0.04 • 0.03 • 0.08 
n = 7  n = 6  n = 7  n 2 n = 5  

Single-channel ampli tudes (in pA) are given as the mean • SD 
with n = the number  of  patches .  Not all of  the patches  contained 
all five ampli tudes.  
* Average of  measu remen t  of  5-15 openings in each patch. All 
o thers  are the mean of Gauss ian fit to ampli tude histogram data. 

- 40 mV were applied to elicit channel activity (Fig. 
2). The activity appeared as brief openings with am- 
plitudes of various sizes. Expanded portions of the 
records are shown in the same figure. Several sizes 
were evident initially in each patch although the 
largest sizes were rare. The amplitude histogram 
from this patch was not well fitted by a single Gauss- 
ian distribution. The best fit, obtained by minimiza- 
tion of the Chi square value, was the sum of four 
Gaussian distributions with mean amplitudes of 
0.39, 0.57, 0.77 and 1.0 pA. The fifth and largest 
conductance channel appeared so infrequently that 
its contribution to the amplitude histogram was mini- 
mal. The table gives the amplitudes obtained from 
multiple Gaussian fits of activity of seven patches at 
0 inV. The various amplitudes could appear as the 
result of frequency limitations of the recording 
method; however, the non-unimodal distribution of 
the amplitude histogram suggested the additional 
possibility of multiple conductance levels. 

I N H I B I T I O N  OF S I N G L E - C H A N N E L  A C T I V I T Y  

BY N I M O D I P I N E  

In addition to the high threshold, L-type, DHP-sen- 
sitive Ca 2 § channel, two other types of DHP-insensi- 
tive Ca 2§ channels (types T and N) coexist in dorsal 
root ganglion cells (Nowycky, Fox & Tsien, 1985a; 
Kostyuk, Shuba & Savchenko, 1988), and the T- 
type channel has been reported for GH3 cells (Kunze 
& Ritchie, 1986; Armstrong & Eckert, 1987). Be- 
cause these other channel types exhibit smaller am- 
plitudes than the L-type when carrying Ba 2§ cur- 
rent, we wished to determine if all of the amplitudes 
that we observed were DHP sensitive. Figure 3 con- 
tains examples of channel activity in a cell-attached 
patch where different amplitude levels can be seen 
more clearly by the occasional presence of long du- 
ration channel openings. The Gaussian fits to the 
amplitude histogram gave values of 0.52, 0.76, 1.02, 
and 1.46 pA. Application of nimodipine (100 nM) for 
6 sec (Fig. 3) caused cessation of all activity. As the 
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Fig. 3. Effect of  nimodipine on channel activity in a cell-attached patch. The data were recorded during voltage steps to 0 mV from 
a holding potential of - 4 0  mV. The record number is indicated to the left of each trace. Five consecutive traces are displayed every 
20 records until the application of  nimodipine. Traces in the center panel were recorded after nimodipine was applied at record number 
38 as a 6-sec pulse. The number of openings v s .  the record number is plotted in the lower part of the figure. Activity returned following 
the application of nimodipine (indicated by bar). The drug was applied a second time when the activity began to recover.  Similar results 
were obtained in three other patches. Data were filtered at 1 kHz for illustration. Recordings were made with solutions C (pipette) and 
D (bath). 

nimodipine washed away, some channel activity was 
restored. This shows that the different amplitudes 
are all DHP sensitive and thus do not represent con- 
tamination by N- or T-type channels. 

BAY K 8644 TREATED CHANNELS 

In order to show more clearly that the different chan- 
nel amplitudes that were observed in control patches 
represent different conductance states and not dif- 
ferences in frequency clipping, we recorded channel 
activity in the presence of BAY K 8644. This Ca 2+ 
channel agonist is known to cause selective prolon- 
gation of the DHP-sensitive channel. In the experi- 
ment shown in Fig. 4A, the patch potential was held 
constant at - 10 mV. At the beginning of the trace, 
channel activity consisted of brief spikes of various 
amplitudes. In response to a 20-sec pressure applica- 
tion of 300 ng  (-----) BAY K 8644, single-channel open 
times were prolonged and the multiple amplitude 
levels were more readily apparent. In this patch at 
least three different conductance levels can be seen 
opening and closing from the baseline (Fig. 4B, ex- 

panded traces). Openings from baseline to several 
other current levels were also present but occurred 
less frequently. In addition, openings of different 
amplitude often occurred from levels other than 
baseline, and the largest unitary amplitude was often 
found superimposed on another opening of similar 
large size. This suggests that more than one channel 
was present in this patch. The different conductance 
levels, opening from baseline, can be seen more 
clearly when holding at - 20 mV where the opening 
probability is lower (Fig. 4C). The three predomi- 
nant conductance levels can also be seen in the am- 
plitude histogram for this patch at -20  mV (Fig. 
4D). The current-voltage relationships for this patch 
are plotted at four potentials (Fig. 4E). Slope con- 
ductances of 8, 12 and 28 pS were determined for 
the three most frequently observed levels. 

Single-channel activity from an excised patch in 
the outside-out configuration is shown in Fig. 5. This 
patch exhibited three predominant amplitudes. The 
amplitudes for which slope conductances could be 
measured were 12 and 23 pS. Although all patches 
exhibited at least three conductance levels, the lev- 



D.L. Kunze and A.K. Ritchie: Multiple Conductance Levels of the Ca 3+ Channel 175 

A -1o mV 

0 . 4  s e c  

B -10  mV 
!~,~ot'~J!!~!~,~,l._., ! " l ;_  , L_.!.,.~.,.,. : , , .<z%os 
Iit111 I N I I  Ill l ] i l l  ' ~  - ' ~  

,~. I~ .,, !!l! ])!.~,j!-r ,l n . . . . .  -c 
lll l l l l l , l l l l  . . . . .  ~,,t~11[ 1 I , I t f h ~ i ~ t '  

. . . . . . . . .  ~ ! ' l ~ !  . . . . . . .  ; .... ; . ,= ,~'  .'4 '3.~- - c  

. . . . .  ;,, . . I ,~  r  ~ r ~ . ! J  " lJ . . . . .  I ] J l  -~  
0 . 2  s e c  

C -20  mV 
][~ii I[ iT[I ' I T " | l l 3 s  I " "El" [ I ~ 1 -  " ' " ~  p8 

-28 pS 

- ~ c r ~ r - n  ~ln r T ' , ~ r -  - ,  I i . . . . . . . .  

. . . . . . .  ~lF '~1 ~"IlT I(1TIILfT ' l  r I f l  ' ' . . . .  I " c  

I!' ! ! ' !  . . . . .  ~ . . . .  I ~ ,  r tl~ ''''~ ..... ,'n . . . . . .  1't I -~ 

" ~ " "  "1  ' ~ J "  I E  - -  ' l --I~Q I TLll~t lg I 1 ~ 1  c 

D 

1 s e c  

450 

300 

150 

E 
-40 -30 -20 -10 O 100. 0 

13 p8 " ~ ,  , .1 .0p  A 

-1.5 

) . . . . .  2,~, 121, 
0.0~ 0.37 0.74 1,11 1.43 1,85 2.22 

pA 

Fig. 4. Effect of BAY K 8644 on channel activity in a cell-attached patch. (A) The patch potential was held at - 10 mV and 300 riM. 
BAY was superfused at the arrow for 20 sec using pressure application from a pipette placed in close proximity (10-15/~m) to the cell. 
(B) Traces selected from recordings made after the application of BAY K 8644 are shown on an expanded time scale to illustrate the 
different current levels in the patch. The lines represent the major current amplitudes for openings from the closed state. (C) Activity 
in the same patch at - 20 mV. (D) The amplitude histogram for channel activity at - 20 mV. The initial truncated peak represents the 
distribution of baseline noise. The second peak with the shoulder represents the 8- and 13-pS sized channels. The third peak, distributed 
around 1.48 pA, represents multiple hits of the two previously mentioned amplitudes. The fourth peak, distributed around 1.95 pA, 
represents the 28-pS channel. (E) The current-voltage relationships for the different amplitudes in this patch are shown at potentials 
from - 3 0  to 0 inV. The major conductance levels are shown with linear least-squares fits to the amplitudes. Data were filtered at 1 
kHz for amplitude analyses and 200 Hz for illustration. Recordings were made with solutions C (pipette) and D (bath) 
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Fig. 5. Examples of activity from an outside-out patch following pressure application of 500 nM BAY K 8644. The lines are amplitude 
levels of the three predominant sizes at 0 and - 20 mV. The current-voltage relationship for this patch reveals conductances of 13 and 
23 pS for the smallest and largest amplitude channels. However, the predominant amplitude of the middle sized channel seen at 0 mV 
is apparently of a different conductance than that which occurs at - 20 mV. Data were filtered at 1 kHz for illustration. Recordings 
were made with solutions A (pipette) and C (bath) 



176 D.L. Kunze and A.K.  Ritchie: Multiple Conductance  Levels of  the Ca-" Channel  

2 5 - 2 0 - 1 5 - 1 0 - 5  0 5 
, i i i n I 1 - 0 . 2  

4 
9 p S  [ ' - ' - - - - ~  ~ 1- " 

(~) ~...~c~) #-o.6 
,2 Ps(3)t~{r , {-0.8 
l e  ps t ' -  { ~ - - 1 . 0  

J c 3 )  ! 
( 3 ~ "  t -1"2 

( ~ ) / / / / f  t -1.4 
2 4 o s r -  t-1.6 

b - 1 8  
mV 

< 
o. 

Fig. 6. The current-voltage relationships of  single-channel ampli- 
tudes obtained in the presence of 100 to 500 nM BAY K 8644. The 
majority of  ampli tudes were determined from Gaussian fits to 
data  obtained from a total of  18 patches  (cell at tached or outside- 
out). When  the number  of  openings of the large amplitude sizes 
was insufficient to cons t ruc t  a histogram, the ampli tude was deter- 
mined  from the mean  of direct measu remen t s  of  5 to 15 openings.  
Most  of  the patches  (n = 14) were studied by using 200-300 msec  
voltage steps to - 2 0 ,  - 10 and/or 0 mV from a holding potential 
of  - 4 0  or - 3 0  mV. Four  of  the patches were studied while 
holding at the indicated voltages. The points represent  the 
mean  -+ SD of  ampli tudes obtained from individual patches 

els that were observed were not always the same in 
the different patches. 

Comparable data have been obtained from a to- 
tal of 18 patches where channel activity was re- 
corded at either a constant voltage of 0 or - 10 mV 
(n = 4) or during a voltage step protocol (n = 14) 
to 0 or - 10 mV from holding potentials of - 40 or 
-30  mV. BAY K 8644 was added to the bath at 
concentrations of 100 to 500 riM. Any one patch 
showed at least three to four different conductance 
levels initially, although after several minutes some 
of the levels disappeared. The disappearance was 
also accompanied by a decrease in open probability 
and a decrease in the occurrence of multiple open- 
ings that we ascribe to the phenomena of run-down 
(Armstrong & Eckert, 1987; Belles et al., 1988). 
Patches containing channels of single unitary ampli- 
tude were not observed. The mean amplitude values, 
obtained from the best fit of amplitude histograms 
to multiple Gaussian distributions, are plotted in Fig. 
6. The major conductances, determined from the 
slope of the mean amplitudes, were 9, 12, 16, and 
24 pS. Other levels were less frequently seen. The 
predominant conductance in 7 of the 14 patches 
where voltage steps were used was the 12-13 pS 
range, and in 5 of the patches, the 16-18 pS range. 
Transitions from one amplitude to another were oc- 
casionally evident (see Fig. 5). However, the major- 
ity of the openings appeared from a closed state or 
as superpositions on other openings. Nimodipine 
also reversibly blocked all channel activity in BAY 

K 8644 treated patches that showed activity of differ- 
ent amplitudes (data not shown). 

Discussion 

In this study we show that the high threshold, DHP- 
sensitive Ca 2+ channel in intact GH 3 cells exhibits at 
least five different conductance levels (8-9, 12-13, 
16-18, 23-24 and 28 pS). Multiple levels can be seen 
in the absence of BAY K 8644; however, they are 
more convincing in the presence of the agonist which 
increases the mean open time of all conductance 
levels. We do not know if the different conductance 
levels that we see within a patch represent stable 
conformational states of different channels in the 
patch, a single channel undergoing rapid transitions 
to different conductance levels, or channels of a 
single unitary amplitude that aggregate then gate 
coincidentally (Fox, 1987; Patlak, 1988; Meves & 
Nagy, 1989). The presence of at least three conduc- 
tance levels in nearly every patch that we examined 
and frequent superimpositions of these levels pre- 
cluded further statistical analyses to distinguish be- 
tween independent openings, cooperative openings 
or transitions to different substates. 

Except for a few isolated examples (Chen& 
Hess, 1988; Lacerda & Brown, 1989), the DHP- 
sensitive Ca 2+ channel that has been recorded in 
membrane patches is usually observed as a channel 
of single unitary amplitude. In a wide variety of cell 
types, including cardiac cells (Reuter et al., 1982; 
Cavalie et al., 1983), dorsal root ganglion cells (No- 
wycky et al., 1985a), pancreatic beta cells (Rorsman, 
Ashcroft & Trube, 1988), and the RINm5F insulin- 
secreting cell line (Velasco, Petersen & Petersen, 
1988), the unit conductance in 100 mM BaC12 has 
been reported to range from 18 to 30 pS. A curious 
exception is the GH 3 cell for which a conductance 
of 7 pS has been reported by Hagiwara and Ohmori 
(1983). This is much smaller than the more com- 
monly reported size (28 pS) found in the same cell 
line by Armstrong and Eckert (1987). 

In contrast to the channel in native membranes, 
multiple conductance levels are often observed for 
the calcium channel that has been reconstituted into 
lipid bilayers. Ma and Coronado (1988) report con- 
ductance states of 3, 9 and 12 pS for Ca 2§ channels 
that have been incorporated into bilayers from skele- 
tal muscle t-tubule vesicles, while Erlich et al. (1986) 
found a major conductance of 8 pS, and minor sub- 
conductances, in bilayers containing Ca 2+ channels 
from cardiac sarcolemmal vesicles. Multiple con- 
ductance states have also been observed in bilayers 
containing the purified DHP receptor protein from 
skeletal muscle. Smith et al. (1987) report one con- 
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ductance size of 12-14 pS and another of 22 pS. 
Talvenheimo, Worley and Nelson (1987) have identi- 
fied 7- and 16-pS conductances. Finally Hymel et al. 
(1988) have reported channels as small as 0.9 pS, 
predominant sizes of 7.5 and 15 pS, but occasional 
conductances as large as 60 pS. Hymel et al. (1988), 
suggest that a single channel has a unit conductance 
of 0.9 pS and that all larger conductance levels repre- 
sent the coincident gating of parallel conducting 
channels within an aggregate. Likewise, Ma and Co- 
ronado (1988) find that the Ca 2+ channel in lipid 
bilayers exists as two different conductances and 
that a third conductance appears when the two ag- 
gregate channels open and close in a concerted 
fashion. 

In GH3 cells there are at least five predominantly 
occurring conductance levels. Because the levels 
are close together, it is possible that the channel can 
actually assume a continuum of conductance levels 
within the observed range. Alternatively, the levels 
may represent discrete levels, in which case, they 
appear to be multiples of a single unitary amplitude 
channel of 4 pS, with some ambiguity in the size of 
the channel or channels between the 16- and 24-pS 
sizes. We see interconversions between the different 
levels; however, their occurrence is rare. If the 
larger size openings represent aggregates of chan- 
nels that open and close coincidentally, then they are 
stable aggregates because the different conductance 
levels are usually observed as apparent superimposi- 
tions on other openings or as openings from the 
baseline. 

The appearance of multiple conductance levels 
in GH3 cells, in our hands, occurred in nearly 
every patch that was analyzed. It is, therefore, 
somewhat puzzling that other than a few excep- 
tions (Chert & Hess, 1988; Lacerda & Brown, 
1989), multiple levels have not been observed in 
native membranes. It is possible that the appear- 
ance of different conductance levels is influenced 
by the nutritional state of the cell. Since the activity 
of the DHP-sensitive Ca 2+ channel is known to be 
influenced by phosphorylation (Rane & Dunlap, 
1986; Armstrong & Eckert, 1987; Trautwein et al., 
1987) and by G proteins (Imoto et al., 1988; Yatani 
et al., 1988), we are presently attempting to deter- 
mine if either influences the appearance of multiple 
levels or favors a particular conductance level. 
This may account for the wide disparity in channel 
conductance that has been reported for the Ca 2+ 
channel in GH3 cells. 
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