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Summary. The extracellular patch-clamp technique was used 
in order to investigate the presence of ionic channels in HeLa 
cells, a well-known cultured cell type obtained from an epider- 
moid carcinoma of the cervix. Under  Gigohm-seal conditions, 
discrete current jumps could be observed with patch electrodes 
containing KC1. These channels were found to be mainly per- 
meable to K + and showed multiple levels of conductance. From 
single-channel I - V  curve measurements, a strong rectification 
effect, characterized by a large inward and no detectable out- 
ward current, was observed. For negative membrane potentials 
(0 to - 90 mV), the measured current-voltage relationship was 
found to be mostly linear, corresponding to a single-channel 
conductance of 40 pS. An analysis of some selected time records 
has revealed in addition that  the probability of the channel 
to be in the open state was a function of the KC1 concentration 
in the patch pipette. 

Key Words HeLa cells �9 single channel �9 patch clamp . po- 
tassium - inward rectification - Ca § + activated 

Introduction 

Since the introduction by Neher, Sakmann 
&Steinbach (1978) of the extracellular patch 
clamp technique, several studies have been con- 
cerned with the electrical characterization of single 
channels in excitable membranes. (See Hamill et al. 
(1981) for a detailed discussion of the technique.) 
By means of this approach, the presence in these 
membranes of Na + (Horn & Patlack, 1980; Horn, 
Patlack & Stevens, 1981 ; Sigworth & Neher, 1980) 
and of many types of K § channels (Conti & Neher, 
1980; Fukushima, 1981; Pallotta, Magleby 
& Barrett, 1981) has been directly confirmed and 
for the first time the single-channel events underly- 
ing celIular excitability observed. 

It is, however, likely that the passage of ions 
through pores represents a general cellular feature 
shared by nonexcitable cells, as well. In fact, most 
cells are characterized by a membrane resting po- 
tential, which results in part from the more or less 
selective permeability of their external membrane 

to certain ionic species such as K +. In turn, this 
membrane potential is known to be involved in 
numerous transmembrane transport mechanisms, 
and its importance to many cellular activities is 
now well established. In order to gain further infor- 
mation on the molecular mechanisms underlying 
the ionic permeability of nonexcitable cell mem- 
branes, an electrophysiological study based on the 
patch-clamp technique was undertaken using 
HeLa cells, a human cell line obtained from an 
epidermoid carcinoma of the cervix and which has 
already been used in previous studies on ion trans- 
port (Wickson-Ginsburg & Solomon, 1963; 
Hfilser, 1971; Okada, Ogawa, Aoki & Izutzu, 
1973; Hfilser et al., 1974; Aiton & Pitman, 1975; 
Cook, Vaughn, Proctor & Brake, 1975; Nelson- 
Rees & Flandermayer, 1976; Walliser & Redmann, 
1978; Aiton & Lamb, 1980). This first paper 
intends to provide some partial answers to the fol- 
lowing questions: Are there ionic channel-like 
structures present in the external membrane of 
HeLa cells? If channels are indeed present, what 
ionic species can be considered as the main charge 
carrier and what would be the related current-volt- 
age relationship? And finally, are there chemical 
agents capable of modulating the channel statisti- 
cal properties? 

Materials and Methods 

Cell Culture 

HeLa cells were obtained from the Institut Armand-Frappier  
in Montreal  and subcultured in Falcon bottles (75 cm 2 # 3024). 
The cells were removed from the bottles with 3 ml of a solution 
of trypsin phosphate buffer solution (PBS) containing 0.2% 
trypsin. A stock culture was always maintained in a growing 
state. The culture medium was MEM, Earle base (GIBCO # 
F-11) with 25mM Hepes buffer and 6ram bicarbonate. This 
medium was supplemented with 10% fetal calf serum (GIBCO 
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Fig. 1. Schematic diagram of the set-up 
used for patch experiment. The seal 
resistance, the resistance of the 
electrode, and that of the extracellular 
solution are represented by RL, R~ and 
Rs, respectively. Rp and Ce are the 
resistance and capacitance of the cell 
area located under the patch pipette, 
and Rm, Cm the resistance and 
capacitance of the remaining cell 
surface. The cell resting potential is 
symbolized by E,, and El stands for 
the equilibrium potentia(of current I 

# G14HI) and 1 gg/ml of gentamycine. The cells were grown 
in monolayers in plastic petri dishes and used for patch experi- 
ments two or three days after being subcultured. The culture 
medium was changed daily, starting from the first day. 

Patch-Clamp Experiments 
The single-channel experiments reported in this work were 
carried out using the celI-attached patch-clamp configuratior~ 
as described by Hamill et al. (1981). Stable Gigohm seals could 
be achieved without any special enzymatic treatment of the 
cell external surface. The cell bathing medium was an Earle- 
Hepes solution containing (in mM): 116, NaC1; 5.4, KC1; 1.8, 
CaC12 ; 0.81, MgSo4 ; 6, NaHCO 3 ; 1, NaHzPO4 ; 5.5, glucose; 
and 25, Hepes, buffered at pH 7.3�9 The patch pipettes were 
filled with four different types of KC1 solution, namely (in mM), 
75 KC1 + 150 glucose, 150 KCI, 300 KCI and 75 KC1 + 75 NaC1, 
at pH ranging from 5.4 to 5.7. Atl experimetats were done at 
room temperature (23 ~ and the cells were kept no more 
than 2 hr for one series of experiments. 

The essential of our electronic set up is shown in Fig. 1. 
Contrary to the basic circuit proposed originally by Neher et al. 
(1978) and discussed by Hamill et al. (1981), the interior of 
the patch pipette in our case is maintained to virtual ground 
so that the term "externally applied voltage" used in this work 
refers to the potential of the bath compared to ground. The 
amplitude dI of a current pulse due to a change of conductance 
AGp in the patch area will thus be given, assuming RL>Rz, 
by 

AI:  [V~+E,,+E~ F ~ ]  z AG, (la)  
ke.+R,,,J 

where E,, is the resting potential of the cell, E ~, the equilibrium 
potential associated with the current AI, and V, the applied 
potential via the bath As seen for I ~ = E  i=0  AI does not 

�9 ~ . P 

necessarily vanish, the potential E~ being always present. Fur- 
thermore, in normal conditions Rp>R,, so that 

zJI=[Va-P Em + E ~ AGp. ( lb) 

Finally, let us mention that, unless specified otherwise, the sin- 

gle-channel recordings were filtered at 600 Hz by means of two 
Iow-pass, four-pole Butterworth filters connected in series (Fre- 
quency Devices models 745PB-3, 745PB-5), before being re- 
corded on FM tape (H.P. 3964A) or digitized for computer 
analysis (MINC 11/03). 

Furthermore, the spectral intensity of the recorded signal 
was measured throughout each experiment (H.P. 3582A) in 
order to insure that no undesirable noise contribution was pres- 
ent. 

The analysis of the single-channel recording was carried 
out mainly through computerized data processing. Current am- 
plitude histograms were used to evaluate single-channel ampli- 
tude, and time interval distributions were obtained by means 
of a semi-automated program that allows the operator to select 
which current jumps may be regarded as true open-close transi- 
tions. Unless specified otherwise, the sampling rate selected for 
A/D conversion was usually 700 psec per point. We also used 
strip-chart recordings obtained by playing back at lower speed 
signals prerecorded on FM tape. This latter method allowed 
one to examine slow events (> 100 msec) in detail. 

Results 

Single Channels 

F i g u r e  2 s h o w s  s i n g l e - c h a n n e l  r e c o r d i n g s  o b t a i n e d  
f r o m  H e L a  cel ls  w i t h  p a t c h  e l e c t r o d e s  c o n t a i n i n g  
0.15 M KC1. T h e  f i r s t  c u r r e n t  t r ace  i l l u s t r a t e s  f luc-  
t u a t i o n s  r e c o r d e d  f r o m  a h i g h l y  ac t ive  p a t c h e d  
m e m b r a n e  a r ea .  A fou r - l eve l  s u p e r p o s i t i o n  o f  
i n w a r d  c u r r e n t  j u m p s  o f  I p A  a m p l i t u d e  can  
c l ea r ly  be  seen.  T h e r e  was  n o  e x t e r n a l l y  a p p l i e d  
v o l t a g e  (Va = 0) in  th is  p a r t i c u l a r  case ,  so  t h a t  t he  
ne t  p o t e n t i a l  a c r o s s  the  p a t c h  a r e a  c o r r e s p o n d e d  
to  E m, the  cell  r e s t i ng  p o t e n t i a l  ( ~ - 2 7 ) .  
F i g u r e  2 B is a n  e x a m p l e  o f  t he  f l u c t u a t i o n  p a t t e r n  



R. Sauv6 et al. : Single Currents from I~IeLa Cells 43 

1 sec 

~-euRsr-~ B 
~----CLUSTER--~ 

F---~--~ i 2 PA 2 sec 

T 
l, ~ J 2pA 

50 ms l 
Fig. 2. (A): Single channel events recorded during a cell-at- 
tached patch experiment with a patch pipette containing 0.15 M 
KCI at zero applied voltage (V,=0mV) .  Multiple channel 
openings are shown corresponding to current jumps of  I pA. 
The signal was filtered at 150 Hz, (B): Longer time record of 
channel activity at an applied voltage of - 3 0  mV with isotonic 
KC1 patch pipette. The channel activity is s~own to occur in 
bursts, which sometimes appear in clusters. (C): Open r o and 
closed state rc interval within a burst. The signal was low-pass 
filtered at 600 Hz in B and C 

one observes from longer channel records. It 
should be apparent that the channel openings 
occur mainly in bursts separated by relatively long 
closing periods (typically 10-20 sec). Occasionally 
these bursts appeared in clusters with interburst 
gaps in the range of  1 sec. Figure 2 C shows the 
rapid opening and closing events taking place on 
a much faster time scale within a single burst. 
Clearly, the channel returns to the original closed- 
state level for a short period of  time. These results 
suggest, in our view, that there are at least two 
kinds of  closures involved in this particular 
channel kinetics, the first kind describing the fast 
interruptions taking place during channel openings 
and the second kind taking into account the nonac- 
tive period between the bursts. Similar complex 
fluctuation patterns have already been reported in 
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Fig. 3. Current amplitude histogram of a very active single- 
channel recording obtained with a patch pipette containing 
0.15 M KC1 and at V,=0. The difference between any two con- 
secutive peaks is equal to 1.0 pA. The input signal was low-pass 
filtered at 600 Hz. Background l e v e l = - 5 . 0 p A :  first Ievel= 
- 6 . 0  pA, etc. 

studies on Ach-activated channels (Sakmann, 
Patlack & Neher, 1980), K +-Ca + + dependent 
channels (Pallotta et al., 1981) and Ca + +-activated 
nonselective channels (Yellen, 1982). On the aver- 
age, one out of  ten successful Gigohm seals with 
0.15 M KC1 patch electrodes showed this type of  
active channels. Smaller current jumps with much 
faster on-of f  transitions were occasionally present, 
but their contribution was not taken into account 
in this work. 

In order to determine to what extent the occur- 
rence of  this particular channel was not more 
related to the low external concentration of  ions 
such as Ca 2+ (<  10-6 M) than to the presence of  
K + in the patch pipette, experiments were carried 
out in which the patch electrode was filled with 
a solution containing 148 mM of KC1 plus 2 mM 
of CaC1 z . Under these conditions we found current 
jumps similar to those described previously, so that 
the presence of  K + in the pipette and not the lack 
of  external Ca 2+ seems to be the main factor in- 
volved in this case. 

A current amplitude histogram of a single- 
channel recording obtained fi'om a patch pipette 
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Fig. 4. Time-interval histogram of open To and closed ~c time intervals within a burst. Histograms computed from time records 
obtained with a patch pipette containing 0.15 mM KC1 and at V~,= - 3 0  mV. The computed mean life time reads 110 and 5 msec, 
respectively. The curves could be fitted by a single exponential function, zc also contains interburst intervals, but their contribution 
is not significant at his time scale 

containing 0.15 lv~ KCI is shown in Fig. 3. Equally 
spaced gaussian-like current levels, typical of  
current fluctuations caused by channel-like struc- 
tures, can readily be seen. Figure 4a and b are ex- 
amples of the time interval histograms one obtains 
for channel openings and closings within a burst. 
The current fluctuations in this particular case 
were recorded from a patch pipette containing 
0.15 M KC1 at an applied voltage of - 3 0  mV (V 
total ~ - 55 mV). The analysis of  open time inter- 
vals could easily be confined to intra-bursts events, 
the appearance of channel activity being clearly 
evident as illustrated in Fig. 2. However, within 
a cluster some intra-burst, closed time intervals 
could not be unambiguously distinguished from 
short inter-burst periods. Both time interval histo- 
grams could nevertheless be satisfactory least 
squares fitted by a simple exponential function as 
shown in Fig. 4 a and b. The contribution of inter- 
burst periods to be closed time interval histogram 
does not seem therefore to be significant at least 
for time intervals smaller than 20 msec. It has to 
be mentioned, in addition, that current jumps less 
than ~ msec duration could not be adequately re- 
solved since a sampling rate of 0.7 msec per point 

was used throughout. As a result, the computed 
open time period histogram is partially biased since 
very fast closures interrupting a channel opening 
could not be clearly detected. There should be, 
however, no more than 20% of these interrupting 
events, considering that the mean value of rc is 
approximately 5 msec. Consequently the error on 
the computed mean value of % should also be less 
than 20%, assuming that these fast interrupting 
events are not caused by a rapid kinetic process 
superimposed upon the slower kinetic character- 
ized by % and re. 

Current- Voltage Relationships 

The single-channel current amplitude was mea- 
sured as a function of the applied voltage Va for 
various KC1 concentrations in the patch electrode 
(see Fig. 5 a). One must bear in mind that the net 
voltage acting on the patched membrane area 
always included the cell resting potential Era, so 
that the experimentally obtained zero current Va 
value corresponds to the sum - (U + Era), U being 
the equilibrium potential associated with t~ae sin- 
gle-channel current, Figure 5b shows four I -V  
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Fig. 5. Effects of voltage on single-channel current amplitude. (a) : 
Example of single-channel recordings at three different applied 
voltages V~, for a patch pipette containing 75 mu  KC1 + 150 mM 
glucose. (b): Single-channel current voltage curves obtained from 
patch pipettes containing 75 mM (A), 150 mM (B) and 300 mM (C) 
of KCI, and (D) 75 mM KC1+75 mM NaC1. V, represents the 
voltage added via the bath to the always present cell resting 
potential ( - 2 5  mV average). The single-channel conductance ranges 
from 35 to 40 pS 
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curves obtained from patch electrodes containing, 
respectively, 75 mN KC1, 150 m s  KC1, 300 mM 
KC1, and 75 mM KC1 + 75 mM NaC1. It should first 
be apparent that the ~ V  curves are shifted in the 
positive direction by approximately 15 mV for 
every twofold increase of the KC1 concentration 
in the pipette. Based on this result alone one may 
already conclude that the observed channel is 
mainly permeable to cations, the direction of the 
shift not being compatible with a C1 -selective 
channel. A major contribution of the Na + inside 
the cell has also to be rejected, since a Na § current 
down its electrochemical gradient, especially with 
patch electrodes containing solely KC1, would have 
resulted in current jumps with a polarity opposite 
to that observed experimentally. Finally, since the 
I -V  curves obtained with patch electrodes contain- 
ing 75 mM KC1 and 75 mM KC1 + 75 mM NaC1 led 
to the same zero current V a value, it may be reason- 
ably concluded that K + is the main charge carrier 
in this case. This conclusion was also confirmed 
by experiments that failed to show inward current 
jumps ;as described previously when the isotonic 
KC1 solution in the patch electrode was completely 
replaced by NaC1. In fact, when patch pipettes con- 
taining 144mM N a C I + 6  mM KC1 were used, 
another type of single-channel events, character- 
ized by outward current jumps occurring in bursts, 

could clearly be detected. A detailed analysis of  
these channels will be presented in future work. 

The main characteristic of  these I - V  curves is, 
however, the absence of clearly detectable outward 
current jumps (AI> 0.3 pA) at any of the KC1 con- 
centrations considered even at applied voltages 
greater than + 100 mV. In fact, in order to account 
for our experimental results, the single-channel 
conductance for (V a +Em > 0) should be substan- 
tially less than 10 pS, since no outward current 
jumps of  amplitude greater than 0.5 pA could be 
observed at applied voltage Va greater than 
100 mV. For negative transmembrane potentials 
(external medium considered to ground) the mea- 
sured current-voltage relationship was mostly 
linear, corresponding to a single-channel conduc- 
tance of 40 pS. This value is more than five times 
smaller than that reported by Pallotta et al. (1981) 
for the Ca 2 +-activated K + channel on rat myo- 
tubes, but is at least five times larger than the sin- 
gle-channel conductance found by Fukushima 
(1981) for the K + current of  the anomalous rectifi- 
er in tunicate egg cells (see also Ohmori, Yoshida 
& Hagiwara, 1981). We also found that the extra- 
polated value of the zero current applied potential 
V~ was variable from one series of experiments to 
another, with values ranging from +20 to 
+40 mV with isotonic KC1 patch pipettes. Since 
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HeLa cells are continuously dividing, this variabili- 
ty may in part be attributed to a change in the 
cell electrical properties during the cell cycle. 
Wickson-Ginsburg and Solomon (1963) have 
shown in this regard that the K § content of  HeLa 
cells varies during cell growth. More directly, mea- 
surements of HeLa cell resting potential have 
shown a relatively large scattering of the E m ( -  27 
to - 4 7  mV) with an estimated mean of - 3 7  mV 
(Roy & Sauv6, 1982). 

Finally, in some cases, smaller single-channel 
currents (20-30 pS) associated with more positive 
zero current value of V, (typically + 45 mV) were 
also observed with patch electrodes containing 
150 mM KC1. These smaller current jumps had a 
kinetic similar to that described previously, and 
could have been in part caused by 40 pS channels 
located in a poorly-defined seal area (see Neher 
et al., 1978). This explanation does not hold, how- 
ever, for single-channel recordings in which double 
jumps of equal amplitude corresponding to a sin- 
gle-channel conductance of 20-30 pS were mea- 
sured. For these particular recordings one has to 
assume that two or more channels can be located 
exactly in the same intermediate seal area, which 
is quite unlikely. Another interesting point is that 
all observed channels (20-30 or 40 pS) in a given 
recording showed the same reversal potential. 
These observations seem to indicate that this par- 
ticular K + channel has more than one conducting 
state whose appearance can probably be related 
to the cell internal state. This point will be dis- 
cussed in greater detail later. The possibility of sev- 
eral types of K § channels in the external mem- 
brane of HeLa cells cannot be ruled out, however. 

Effect of  K + on the Channel Statistics 

In order to determine to what extent the channel 
statistics were a function of the experimental con- 
ditions selected for the patch experiments, the rela- 
tionship between the probability of a channel to 
be in the open state and the KC1 concentration 
in the patch pipette was investigated. For each KC1 
concentration considered, several current records 
were selected for analysis. 

Each chosen current trace was obtained at zero 
applied voltage (V~ = 0) from cells having approxi- 
mately the same E~ value ( ~  - 2 5  mV). From the 
ensemble of time records so selected, the total time 
spent by the channel in the open state was mea- 
sured. The ratio : time spent in the open state/total 
time of the records was taken as a measure of Po, 

A 

B 

I-,----,4 I 2 PA '~ sec 

Fig. 6. Time records obtained at V, = 0 with patch pipettes con- 
taining 300 mM KC1 in A and 75 mM KC1 in B. As seen, the 
average burst length increases with more KC1 in the patch elec- 
trode. Signal was low-pass filtered at 150 Hz 

Table. Relationship between the KC1 concentration in the patch 
pipette, and Po, the probability of the channel to be in the 
open state a 

K ( m i )  Po 

75 0.04 
150 0.11 
300 0.32 

a Po was computed from current traces obtained at V a = 0 inV. 
Po was taken as the ratio of the time spent by the channel 
in the open state divided by the total time of the record. 

the probability of a channel to be open. This com- 
putational procedure therefore took into account 
the nonactive periods separating the bursts and did 
not yield information on the equilibrium constant 
between the open and closed state within a burst. 
For those records with double or triple jumps the 
probability Po was fitted according to: 

N! 
P" [ 1 - e ~  x-" (2) 

P(n) =n.t(N--n).t o 

where P(n) is the probability of simultaneously 
having n channels open among N. 

The estimate of Po was usually based on more 
than 50 individual events, although for 0.3 M KC1 
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Fig. 7. Single-channel recordings of multistate 
transitions obtained with patch pipettes containing 
75 mM of KC1 in A, B and C and 150 mM in D. 
The applied voltage Va was 0 mV in A, B and C 
and - 2 0  mV in D_ The two conducting states may 
exist independently (A and B) with sometimes 
transitions from one to the other (B) 

only 20 events could be collected, the channel being 
open for most of  the time. 

Figure 6 shows two time records obtained with 
patch pipette containing 75 and 300 mM KC1, re- 
spectively. It should be apparent that the burst 
length and gap change on the average as a function 
of KCI concentration in the patch pipette. One 
cannot guarantee, however, from this result alone, 
that the probability of the channel to be in an 
open state will increase as a function of  the KCI 
concentration. Longer burst lengths may in fact 
be correlated with longer interburst periods, 
leaving the overall ratio to~re unchanged. 

The Table summarizes the findings of  this anal- 
ysis. As seen, a fourfold increase in KC1 concentra- 
tion results in an approximately six- to eightfold 
increase in the probability of  the channel to be 
activated. This observation provides further 
support to results obtained by Roy and Sauv6 (to 
be published) and Okada etal .  (1973) which 
showed that the permeability of  HeLa cells to po- 
tassium increases as a function of the external po- 
tassium concentration. 

We also found that Po increases slightly as a 
function of Va, more positive value of V a leading 
to higher values of Po. However, these results were 
scattered and comparisons from one series of ex- 
periments to another difficult to make. 

Multistate Events 

In addition to the regular fluctuation pattern pre- 
sented in Fig. 2, more complex waveforms were 
often recorded as illustrated in Fig. 7. These com- 
plex transitions occurred mainly between two 
states, although in some cases a third state could 

be assumed. Figure 7A and B show that both 
states may occur independently, the lower conduc- 
tion state being not necessarily the result of  a tran- 
sition from the main state. Figure 7 (C and D) 
illustrates the flickering process of  the channel to- 
wards the closed state following multiple conduct- 
ing state transition. We found that these complex 
transitions occurred both ways, namely from the 
higher conducting state to the lower and vice versa. 
Figure 8 presents the current voltage relationships 
obtained from a current recording with two main 
levels of  conductance. The extrapolated zero 
current potential is in both cases approximately 
equal to 10 mV, and the single channel conduc- 
tances reads 28 and 40 pS, respectively. It has to 
be pointed out, however, that an observed transi- 
tion from one conducting state to the other could 
in fact arise from the unresolved occurrence of two 
independent events. In our case, the transition to 
base line and the return to one of the conducting 
states should be within 700 gsec in order for two 
independent events to become indistinguishable. 
For the system considered here, such an occur- 
rance is thus quite unlikely since, with patch elec- 
trode containing 75 m~  of  KC1, the Po probability 
of the channel to be open was estimated at 0.04. 
It thus appears that the observed K + channel has 
at least two distinct conducting states with possible 
transitions from one state to the other. Similar 
results have been published by Hamill and 
Sakmann (1981) on the Ach channel of  skeletal 
muscle. 

Discussion 

Let us briefly summarize the main findings of this 
study. In cell-attached patch experiments with 
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I I -t 

Fig, 8. Single-channel current voltage relationship obtained 
with patch pipettes containing 75 mu of KC1. The current traces 
showed two conductance levels with transition from one to 
the other. The single-channel conductance reads 28 pS in A 
and 40 pS in B, respectively 

patch pipettes solely containing KC1, all-or-none 
type current fluctuations were observed, indicating 
the presence of ionic channel-like structures in the 
external membrane of HeLa cells. These channels 
were found to be mainly permeable to potassium 
ions with a related inward rectification I -V  curve. 
An analysis of some selected time records has re- 
vealed also that the probability of the channel to 
be in the open state was dependent on the KC1 
concentration in the patch pipette. Finally, current 
traces were presented which showed the occurrence 
of burst-like events and multiple levels of  conduc- 
tance. 

There are several possible explanations to the 
observed inward rectification effect associated with 
the present channel I -V  curves. 

As indicated in Eq. (1 a), the current-jump am- 
plitude is related to the net potential acting on 
the patch area by the product [Rp/(Rp + R,,)] 2. In 
principle, the ratio R,,/Rp should be negligible since 
it corresponds to the ratio of the membrane area 
under the patch divided by the total surface of 
the cell. If, however, one assumes that the cell 
membrane has highly nonlinear current voltage 

characteristics, an increase of Rm/R p m a y  in fact 
result, the current in R,, being always in the oppo- 
site direction to that of Rp. This is, however, un- 
likely considering the known I -V  curves measured 
on nonexcitable cells such as L cells (Roy 
& Okada, 1978), the amplitude of the current 
through the patch region (less than 10-lo A) and 
the presence of outward current jumps with patch 
pipettes containing mainly NaC1 (results to be pub- 
lished). 

A second alternative would be that the rectifi- 
cation property of this channel is due to the 
channel itself. Inward rectifying K + channels have 
already been observed in cultured rat myotubes 
(Ohmori et al., 1981) and in tunicate egg cells 
(Fukushima, 1981). However, in addition to a 
larger single-channel conductance (40 pS com- 
pared to 10 pS or less), the present K + channel 
seems to differ in several ways from the corre- 
sponding channels in muscle and in eggs. For in- 
stance, due to the channel inactivation Ohmori 
et al. (1981) had to use Ba 2+ as a blocking agent 
in order to see current fluctuations in steady-state 
conditions where all the channels were activated. 
A similar inactivation process for the K + rectifier 
in HeLa is not likely, since in our case single- 
channel events were observed over steady-state pe- 
riods exceeding 30 rain. We also failed to obtain 
an increase of single-channel conductance propor- 
tional to the square root of  the external K + con- 
centration. The presence of surface charges on the 
external membrane of HeLa cells and the noncon- 
stant ionic strength of the ionic solutions in the 
patch electrode may have contributed to this rela- 
tively constant value of the single-channel conduc- 
tance for different KC1 concentrations. It remains, 
however, that our results can be at least qualita- 
tively interpreted in terms of a multi-ion blocking 
model with an internal blocking agent as proposed 
originally by Armstrong (1975) and discussed in 
detail by Hille and Schwarz (/978). Within this 
framework, the effect of external K § would be to 
compete for sites and thus to clear the channel 
of  blocking ions. Positive transmembrane potential 
would favor the blocking action of the channel, 
while increasing the external K + concentration 
would help to clear the channel. The probability 
of the channel to be open will thus increase at 
higher KC1 concentrations, as we observed experi- 
mentally. The kinetics scheme underlying these 
events appears, however, to be complex. In fact 
our results indicate that there are at least two 
closed states together with open states having mul- 
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tiple levels of conductance. Moreover, some rate 
constants appear to be functions of the external 
K + concentration, as illustrated in Fig. 6. A more 
detailed analysis would obviously require more in- 
formation than has been presented so far in this 
work. 

The present study was mainly concerned with 
establishing the presence of  K+-selective ionic 
channels in the external membrane of HeLa cells. 
Several important questions have remained unans- 
wered. For example, is the channel C a  2+ acti- 
vated? What is the origin of the flickering while 
the channel is open? Is the inward rectification 
a property of the channel per  se ? These questions 
will be discussed in greater detail in future work. 

We are very much indebted to Dr. D. Nelson and Dr. J. Patlack 
for their many suggestions on the patch-clamp technique. This 
work was supported by the Natural Science and Engineering 
Research Council, the Medical Research Council, and the Min- 
ist6re de l 'Education du Qu6bec. 
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