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New methods arc described to detect subconductance levels and to analyse ion channel gating, These methods are applied to 
simulated and experimental data. Single chtorZde channeL records [ram inside.out membrane patches excised from human 
umbilical vcinous endothelial cells (HUVEC) exhibit, in addition m the full closed and hi[ open configurations, intermediate 
snbconductance levels which are multiple of an elcmentao" conductance of 112.5 pS. Analysis of transitions from one slate to 
another and the comparison of real data with simulated data leads to the proposal of a ccoperativc model of gating for the 
observed subunits of a chloride channel. 

Introduction 

Ion channels are large integral membrane proteins 
which control the passive flux of ions through lipid cell 
membranes [1] by switching between closed and open 
conformations that permit this flow. The patch-damp 
technique [2] enables one to perform current recording 
of the flow of ions through ion channels. 

Ion channel gating mechanisms have been generally 
assumed as Markovian processes with a small number 
of open and closed channel states. However, other ion 
channel gating models have been developed in terms of 
non Markovian processes as fraetal [3] diffusion and 
reptation models [4,5], Furthermore, recently, it has 
been demonstrated that a deterministic mode[ of ion 
ehannd gating based on the theory of chaotic process 
can mimic an intrinsic random process [6]. In this 
model, the current through the channel at time (t + dr) 
is a function of the value of the current at the previous 
time (I), Nevertheless, comparative studies of Marko- 
visa, fractal, diffusion and related models of ion chan- 
nel gating provide justification for continued to use of 
Markovian models in the exploration of channel gating 
mechanisms [7-9]. However, the validity of Markovian 
models and classical mathematical methods used to 
study Markovian signals have been questioned [6,10]. 
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Based on patch-clamp re.cording, three different 
conducting states of a channel can be predicted. Firstly, 
current through a channel is minimal and thus the 
channel is closed. Secondly, current through the chan. 
nel is maxilnal and the channel is fully open. For the 
third state, when the channel switches be~'een these 
open and closed states, the current passes through 
certain levels corresponding to subconductane¢ slates, 
For the subconductances two qq~es of gating have been 
described [1 i]. The first type is called 'subunit' and the 
second 'partially open' (or partially closed) substat¢. 
Subunit gating is indicated when the conductance of a 
channel changes with steps of equal value. Those kinds 
of substate have been described for chloride channels 
[17,13], The second ~pe of substat¢ has been observed 
for several channels: potassium channels [14-16], chlo- 
ride channels [17]. Nevertheless, it is not demonstrated 
whether subconduetanc¢ states represent a partially 
open channel or whether they result from the presence 
of parallel conductive units as shown for potassium 
channels in renal tubules [18]. On the other hand, it 
has been observed that, sometimes, open channel cur- 
rents are separated from each other by short closed 
periods called flickers. Such flickers exhibiting subcon- 
ductanee levels have be*.lt described for nicotinic ion 
channels [19], 

Furthermore, related or not to subconductance 
states, it has been shown, for Ha conductance in squid 
axon, that disparities exist between the micro- and 
macro.kinetics [20] and that channel interactions can 
be observed [21-23]. These observations suggest that 



linear models are not always appropriate for to des- 
erihe the gating of the channels. Thus, it has been 
proposed that the kinetic model for allosterie enzymes 
can be considered as an allernativc model of gating 
[241. 

Many parameters are used to characterize a chan- 
nel. Conductance is one of them. [! is usually estimated 
from the slope of the current-voltage relationship. To 
build this relationship, the most frequent method con- 
sists in using data provided by binned histograms of 
current amplitude measurements for different mem- 
brane potential values, in such histograms, each cur- 
rent level is represented by a Gaussian population. 
Unfortunaiely, only main current levels can be distin- 
guished by this method especially when the 
signal/noise ratio is low or when the baseline is dis- 
torted. Furthermore, there is no automatic method to 
detect transient suP, conductance states so, a time-con- 
suming visual inspection is the only method used. Thus, 
to overcome this difficulty, some authors [16] have built 
two types of amplitude histograms ('raw' and 'ox- 
cluded') from the same long period of uninterrupted 
current recording. Nevertheless, the direct inspection 
of records of digitalized data remains the most applied 
method. Yet, when they are observed, suhconductance 
states are difficult to be incorporated into channel 
gating models and are frequently disregarded. H~w- 
ever, the grea t . variety and the large number of ion 
channels which exhibits subxtates demonst.rate the im. 
portance of this mechanism for the physiolo~ of the 
cell (for review see Ref. 11). 

In the present study, we describe an alternate up- 
preach to the anatysis of patch-damp records contain- 
ing transient suhstates of conductance. The pro~.edure 
is verified using simulated ion channel data. Its appli- 
cation is illustrated using data from the chloride chan- 
nels o1' human umbilical ruinous endothelial cells 
(HUVEC). These channels exhibit multi-current levels 
which can be described by four suhunits exhibiting a 
cooperative mode of gating. 

Materials and Methods 

Isolation of endothdial celts 
Human umbilical veinous endothelial cells were ob- 

tained according to the method of .laffd [2:5]. Briefly, 
the cells were isolated in a medium (M 199 Boehrioger 
Mannheim) c6ntaining 0.5 unit/ml of collagenase type 
IA (Sigma). Then the cells were plated at l0 s cells/ml 
density on fibronectin coated dishes (Falcon) and cul- 
tured in M 199 medium supplemented with 30% pooled 
inlmau serum, 109 U/ml penicillin, 0.1 mg/ml strepto- 
mycin and 2 mM glutamine. The cells were incubated 
at 37°C in humidified 5% CO:/95% O: atmosphere. 
Cells grow to confluence after 5 to 7 days. Cells from 
passage 3-4 were used in these experiments. 

CillTent in£asfftemeltt 
Standard patch-damp technique was used [2], Patch 

pi~ttes were made from Kimax-51 glass capillaries 
(Kimbte Produ~s) and filled with extraceflular solution 
containing: l l0 mM CI TEA buffered at pH 7.35 by I0 
mM Hopes. The pipette resistances were 3-5 Mohms. 
The recordings were made in the 'inside-out' patch 
configuration, with a symmetrical bathing solution. The 
current signal was obtained by using a patch-clamp 
amplifier (RK 35) Biologic, Claix, France), sampled at 
8 kHz. Data were analysed on a Tandon PEA/12 
microcomputer using a commercial software (Biopateh, 
Biologic, Claix, France) and a program developed in 
our laboratory. 

Data mutlysis 
Tramitim~ dclcctiotr, We have developed an au',o- 

matte computerized program to delecl transitions in 
long lasting patch-damp records. The procedure is 
hosed on the scanning of the record by a detecting 
running window. The amplitude range and the dura- 
tion range of the window arc chosen by the operator 
on the basis of the signal characteristics (sampling rate, 
signal/noise ratio)~ The choice of the operator is made 
easier by signal and analysis window displaying. In this 
program, the event finder subroutine is different from 
that of the Event-Catching Program proposed by Sis- 
worth [26]. A single<hannel signal is considered as a 
succession of steady state and transient state sections. 
A steady state section is a record section where current 
values are close to a mean value. On the other hand, a 
transient section is a record section whore the current 
values exhibit a deviation higher than the standard 
deviation. During the scanning of the record hy the 
running window, steady state and transient state sec- 
tions of the record are detected. If points exhibit an 
amplitude dispersion lower than the amplitude range 
of the window, they are considered as the components 
of a steady state section and the current amplitude 
value of each point is considered as equal to the mean 
value. The other sections are classed as transient sec- 
tions. A specific procedure is used to analyze these 
sections. In this procedure, the variation of the current 
amplitude between two consecutive points of the tran- 
sition is calculated and compared to the standard devi- 
ation. If this amplitude is equal to, or greater than the 
standard deviation no transition is detected. For the 
subsequent histogram the coefficient of this point is 
considered as zero. On the other hand, when this 
amplitude is equal to zero a transition is detected and, 
for the subsequent histogram, the coefficient of these 
points is assumed to be one. Finally, when the current 
amplitude between two points varies from zero to the 
standard deviation, the corresponding points are af- 
fected with a coefficient varying in a proportional man- 
ner between one and zero. Furthermore, a tlme thresh- 



old is utilized to detect the events exhibiting a duration 
less than a chosen value (which can he determined 
according to the bandwidth of the amplifier and the 
filter characteristics). 

C.rrem amplintde hi, stograms, In a theoretical signal 
(Figs, la and lb), different types of current level can be 
distinguished: long lasting current levels called steady- 
state current levels and short lasting current levels 
called transient state current levels, Therefore, three 
types of current histograms can be built: (i) a 'ela.~sieal' 
current level amplitude histogram (Fig. le); (ii) a cur- 
rent step histogram corresponding to the current varia- 
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tion between two consecutive steady.state current lev- 
els [26]; (iii) a current step histogram corresponding to 
variation of current from a steady state to the following 
transient states (Fig, ld). 

Sigtl~tl recottgtillllion attd baseline di.stortion remat'aL 
Using the data obtained from the running window 
detection and i~'om the current step histograms, the 
ideal ion channel si:~naL can be identified. For this 
purpose, each c×pcrimentaf point is classified as base. 
line or as a state of open channel. This classification is 
based on the comparison of each experimental data 
with the value of current steps given by the current 
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step histogram. Thus, each experimental data point 
corresponding to a step of current is substintted for the 
most likely ideal value. When no step is detected, 
current level is considered as equal to the previous 
value, thus the baseline distortion is automatically re- 
moved and an idealized signal is built. 

Event map. Data from a single-channel record con- 
sists in switches from one current level to another. 
Using the idealized signal, a map representing the 
signal as a di =f(i)  function can be built (Fig. 2). In 
this map, each event is plotted with previous current 
level (i) as abscissa and current step ampliLudc (di) as 
ordinate. Plot surface is proportional to event number. 
As defined before, some events are too short and thus 
arc considered as unresolved. Therefore, the number 
of transient states or flickers exhibiting too short a 
duration, less than a fixed time threshold, are plotted 
o n  the abscissa-axis and are not taken into account. 

Simulated signab. To test the ability of our program 
to detect short lasting events, we have built a signal 
exhibiting short lasting events, a low signal/noise ratio 
and a baseline distortion. For this purpose we have 
used a stimulator (SMP300, Biologic, Claix, France), 
giving the elementary sequence of the signal shown in 
Fig. ]a. This sequence }~as repeated one hundred 

times. Then the haseline was distorded using the func- 

tion: 

i = 5 s i n ( 2 , ~ t / 4 F ) + s i n ( 2 . ~ l / F )  

where i is the current amplitude (pA), F is the sample 
frequency (Hz) and tis the time (ms). Furthermore, a 
Gauss(an noise coming from a real record with a stan- 
dard deviation equal to 3 pA has been added (Fig. lb). 

Gatit+g of simulated mbunit signal. To model the 
signal observed with chloride channels of HUVEC, we 
have synthesized two tylXS of simulated signals, Firstly, 
a signal resulting from the sum of four independent 
Markovian channels for subunlts), secondly, a signal 
resulting f rom the activity of two pairs of cooperative 
channels. In the first case, the opening constant rate 
was chosen equal to ]0 -2 s-  t and the dosing constant 
rate to 7. l0 -z s ~. The general kinetics of each chan- 
nel unit is described as follows: 

I(I - :  ~ - i 
(el pA)C. +- O( - 4,5 pA) 

7qlF 2~ l 

In the second case, channel gating already respeels 
a Markovian process. However, in each couple, the 
channels are cooperative. Initial gating of one snbunit 
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triggers the gating of the other suhunit (Fig. 4). A 
X2-test has been used to compare the simulated signals 
characteristics to those of the experimental record. 

Results 

Simulated data analysis 
The bchaviour of a complex channel exhibiting sub- 

conductance states and flickering have been simulated 
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(Fig. la). By repeating this sequence a hundred times 
with the addition o f  Gaussian noise and the distort ion 
of  the basal level, a simulated single.channel record is 
obtained (Fig. ]b). Each elementary sequence includes 
a short lasting current (a, b, e) and flickers (d). As 
shown in Fig. lc, the 'classical' current level amplitude 
histogram performed after the baseline distortion has 
been removed, shows only main current levels (0 pA 
for A, D and G; 20 pA for E and F, 30 pA for B and 60 
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Fig, 3. Signal from chloride channels ol~ervcd on an inside out parch of a human umbilical veineus endothelial c¢11 with u membrane potential 
clamped at -40 inV. (a) Signal sampled at 8 kH~ b=f~m, t'iltcrinl~ arid baseline dis,lortioz~ removal (I/80 display). (b) Current step histosran'~ or 
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distinguished al -4,5 or - 13.5 pA. Alone, this hblogram leads to the conclusion o1 the existence of only two channel~ of - 9 pA (223 pS). 
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pA for C). Transient substates (a, b, c) and flickers (d) 
cannot be distinguished. By contrast, using the compu- 
tation procedure described in Materials and Methods, 
the histogram of current transitions performed on the 
steady current levels shows main current steps (C - ,  D: 
-60 pA; F ~ G: -20 pA; D --) E: 20 pA; A ~ B and 
B-)  C: 30 pA) while histogram of transitions from a 
steady state to a transient state shows transient events 
(C--~ e: -30  pA; A ~ a :  10 pA; A ~ b :  20 pA) (Fig. 
ldl. Furthermore, using the transition histograms this 
'record' has been transformed into an idealized 're- 
cord' without any. noise nor baseline distortion. The 
observed proportion of transitions from one level to 
another in the noisy and distorded simulated signal has 
been compared to the theoretiea[ proportion of these 
transitions. The xz-test has shown (P<O.05~ that 
smoothing of the baseline and idealization of the. signal 
do not induce any significant alteration of gating infor- 
mation and that the transitions are correctly detected. 
Using the data of this idealized record, we have built 
the event map shown in Fig. 2. The gating of the 
channel can be deduced from the observation of this 
map: thus, we can predict all transitions leading from 
an open state to another open state or leading from an 
open state to a closed state (and vice versa). According 
to the signal cut-off frequen,.w, the operator can fix a 
time threshold under which transient events arc disre- 
garded (Fig. 2b). 

Experimental data analysis 
Vascular endothelial cells exhibit several types of 

ion channels: non selective cation channels [27], cal- 
cium channels [28], potassium channels [14,29], chin- 
ride channels [30]. Fig. 3a shows a typical inside-out- 
patch record of HUVEC chloride channels. Several 
intermediate conductance levels and flickers can be 
observed: the histogranl of current step5 (Fig. 3b) shows 
+4.5 and _+9 pA current steps from one steady state 
to another (white bins) as well as from a steady state to 
a transient state (black bins). No current step of + 13.5 
or + 18 pA is detected. After 5~  Hz Hanning filtering 
and the removal of baseiine distortion (Fig. 3c), a 
classical current level histogram can be constructed 
(Fig. 3d). On this histogram, three current levels can be 
identified 0 pA (baseline), - 9  pA and -18 pA. No 
intermediate [evcI is measurable either at -4.5 pA or 
at - 13.3 pA. 

Using the values given by the current step his- 
tograms (steps ot _+4.5 and _+9 pA) the real signal of 
Fig. 3a has been idealized (Fig, 5-AI). A current level 
histogram performed with the values corresponding In 
this idealized signal poin!s out the existence of five 
current levels: 0 pA, -4.5 pA, - 9  pA, -13.5 pA and 
- 18 pA (Fig. 5-A2).The distribution of current levels 
(Fig. 5-A2)is not binomial (P< 0.05). An event map 
representation (Fig. 5-A3) gives the gating of the ehan. 

nels. For example, it can be observed, that four path, 
ways lead to the open state (9 pA level): (i) opening 
from 0 pA level (current step amplitude: - 9  pA); (it) 
opening from -4.5 pA level (current step amplitdue: 
-4.5 pal; (iii) dosing from -13.5 pA level (current 
step amplitude: 4.5 pA); (iv) closing from - 18 pA level 
(current step amplitude 0 pA). 

Discussion 

ion channel bchaviour can be interpreted by assum- 
ing that the channel exhibits two conductance states 
(open and closed) and that the transitions between 
these states can be described by a Markovian process. 
However, it has been noticed that many ion channels 
do not conform to this simple model and include 
subconductance states between the closed and the main 
open states: potassium channels [31,32], calcium chan- 
nels [33], chloride channels [12,34]. Furthermore, it has 
been proposed that a channel would be expected to 
exhibit a continuum of many conformatioaal states 
rather than few discrete slates [35], [6]. 

Standard analysis of unit channel data are ineffi- 
cient In detect very transient subconductance states 
(Fig. in) leading to the proposition of simple gating 
mechanisms. In this paper, we describe an improved 
method for the detection and analysis of ion channel 
subeonduetance states, which can he used to deice; 
transient event such as intermedie.te steps and flickers. 
Furthermore, event mapping and utilization of models 
give informations on the comp!ex hehaviour of chan- 
nels. 

The 'classical' current amplitude histogram (Fig. 3d) 
applied to the analysis of HUVEC chloride channels 
shows only three current levels (0 pA, - 9  pA and - 18 
pAl, leading to the conclusion that this record results 
from the activity of two unitary channels of -9pA. By 
contrast, current step histegrams (Fig. 3b) show the 
existence of steps of ±4.5 pA (112.5 pS). This current 
step value is an integral fraction of - 9  and - 18 pA, 
leading to the conclusion that there are four channels 
(or subunitsl with current of -4.5 pA. In agreament 
with this observation, the current level histograms per- 
formed on the idealized signal disclose intermediate 
current levels of -4.5 and -13.5 pA (Fig. 5-A2). 
Occupancy of the different states by the chloride sub- 
units deviates from a binomial distribution (P < 0.05) 
leading to the conclusion that the chloride channel 
subunits are not independent. Thus, it can be observed 
that levels 0 pA, 9 pA and -18 pA exhibit a larger 
probability of occupancy than -4,5 pA and -13.5 pA 
levels. Moreover, an event map (Fig. 5-A3) shows that 
simultaneous opening or closing is frequently observed 
between raain states. For example: - 9  pA current 
steps are ofteu observed between 0 pA and - 9  pA and 
between - 9  pA and - 18 pA, but rarely between - 4 5  



pA and - 13.5 pA. If channels were independent the 
simultaneous opening or closing would obey a binomial 
distribution as shown on Fig. 5-B2. However, this is not 
the case, the simultaneous opening (or closing) of three 
and four subunits is too rare (Fig. 5-B3). Thus, as 
mentioned above, the chloride subunits are not inde- 
pendent. With a time threshold of 0.5 ms, -4 .5  pA 
subunits are gating either singiy or in pairs leading to 
the conclusion that a functionnal coupling exists be- 
tween two units of the same two-channel cluster. 

Some proteins are already known to be composed of 
multiple subunits. In some of them, the binding of a 
substrate to one subunit influences the binding of the 
substrate to the otMr suhunit rex: O2/hemoglubin), 
This process is called cooperativity. In addition to 
cooperativity, a molecule exhibits allosteric interactions 
when its activity depend on the occupency of a binding 
site. The discrepancy observed between the mictv- and 
macro-kinetics for Na conductance in squid oxen [20], 
fluctuations and linear analysis of Na current kinetics 
in squid axon [36] and evidence of channel interaction 
[16,22,23,37,38] suggest that cooperative gating exists in 
ionic channels and that the application of the kinetic 
properties of allosteri¢ proteins could be applicable to 
ion channels in membranes [24,39]. Thus, allo~tcric 
induction of channel conformation switch,.s has been 
proposed to explain subeonductance states observed in 
the acetyteholine nicotinic receptor channel [40,41], in 
calcium channels [42], and in potassium channels [33]. 
To test this hypothesis for chloride channels, we have 
built two simulated signals resulting from the activity of 
four Markovian suounits. Fig. 5-BI shows a simulated 
signal built with four independent subunits as de- 
scribed in Materials and Methods. The closing rate 
constant is here more important than the opening rate 
constant. Consequently, low current levels (0 pA, -4 .5  
pA)  are more frequent than high current levels ( - 9  
pA, - 18 pAL The occupancy probability of ¢aclt cur- 
rent level fits a binomial distribution (Fig. 5.B2). Event 
mapping with a time threshold equal to 0.5 ms shows 
clearly that elementary openings are frequent (di = 
~4.5 pA) while simultaneous opening are rare. Thus, 
no simultaneous opening of four channcis is observed 
( d i = - 1 8  pAL three simultaneous opening (d i=  
-13.5 pA) is less frequent than two simultaneous 

opening (di= - 9  pA). On the other hand, three si- 
multaneous closing (d i  = 13.5 pA) are more frequent 
than two simultaneous closing (di ~ 9 pA). The event 
map of this signal built with four independent subunits 
(Fig. 5-B3) is statistically different (P < 0,05) from the 
real data (Fig. 5-A3). As the model of four indepen. 
dent subunits was unsuitable to describe the behaviour 
of the observed HUVEC chloride channels, we have 
built a gating model including a strong cooperativity in 
coupled subunits. This model is b~sed on the concerted 
mode; proposed for allosteric protein by MONOD et 
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6,10.~ s '1 ( ~  
41- 
7.10 "2 s -~ 
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I I I  " 0 12 . 
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Fig. 4. Cooperative ki0¢ti¢ model to generate a simulated signal 
chic Io the obsep/cd signal of chloride channel from human umbili. 
col vcinous endothelial cells. To simulate the signal sbowu on Fig. 
5.CI, two pairs of channels ht~v¢ been considered. In each pair of 
channels (or subunits) the gating probabilities o[ uue element de- 
trend on its state us well as on the slate of its neighhour. A state 
corresponds to a spatial conformation (open: O, closed C) and a 
kinetic potential (relax: square), (ten.m: circle). ]'he pair of channets 
is in a stable stale when the two ehunnel~, are closed or open (double 
line) and in unstable states when one subunil is open and tile other 
closed (single line). When the bisubllnil is in a full ch~l  stale (CO. 
the opening probability of each subunit is equal to 6' [0 '~ s i. 
When one suhunit is open. its closing rate ¢anslant is 7.to 2 s-i 
while opening cunslant rate of ils neighbour increases Up Io 10 -2 
~- ~. The opening of a suhunR in a hisnhunil includes, then, an inilial 
opening wld~,h is a lrigger for the second openlng(L-'C .~ OC ~ OO). 
The closing of a fully open hisuhunil respects symelrical kinelics 
(OO ,~, OC ~ CC), Thus, in this simulalcd model half.open slates 
(OC) have nm the same gating p~tualiality when it result [iolrl an 
initial opening (high opening rule ctms~ant'l or v~hen it result from a 

cl~iug (high closing rate constanL). 

aL [43L We assume that: (i) observed channels exhibit 
the activity of two independent pairs of subunits; (it) 
the subunits of each pair exhibit a concerted eoopera- 
tivity; {iii) gating of each subunit conforms to a Marko- 
vian process. The final model includes four channels 
gathered into two clusters of two subunits. Opening of 
each subunit results in -4 .5  pA current. With each 
pair of su~units in the fully etnscd state (CC), the rate 
constant of the initial gating of one subunit is low 
(6" 10 -4 s'~), in return an initial gating of one subunit 
increases the rate constant of the other subunit up to 
10 .2 s -I, In such a model the first subunit which 
opens (or closes) becomes a trigger for the other sub- 
unit. Nevertherless, the 'trigger subunh' can go back to 
its previous configuration before the, gating of the 
other subunit, with a constant rate equal to 7 '  10 - :  
s -  z. Thus the model, shown in Fig. 4) exhibits a post. 
tire coopcrativity through an allusteric interaction be- 
tween two unitary subunits, In each pair of subunits 
the cluster is in a stable state when the two subunits 
are in the same conformation (CC or OO) and in an 
unstable stale when the two subunits are in opposite 
conformations (CO or 0{2). The signal simulated by 
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the addition of two couples of cooperative subunits 
(Fig. 5-CI) looks like the real one (Fig. 5-A1), this is 
confirmed by a x2-test performed on the current level 
histograms data corresponding to the Figs. 5-A2 and 
5-C2, as well as hy x2-test performed on the event 
maps data of Figs. 5-A3 and 5-C3, (Table I), (P < 0.05). 
As in experimental data, the simulated signal exhibit 
three main current levels (0 pA, -4.5 pA and --18 
pA) and two intermediate sublevels ( -4 .5  and -13.5 

pA), flickers are observed essentially at main current 
levels. The simultaneous oponing of two suhunits is 
observed at 0 pA and - 9  pA (di=-9 pA), and 
simultaneous closing is observed at - 18 and - 9  pA 
(di = 9 pAL Finally the suhunit bchaviour in the simu. 
lated signal is closed to that of observed chloride 
channelg Therefore, it can be concluded that the coop- 
erative model pxoposed for these HUVEC chloride 
channels, may be an appropriate model ~o describe the 
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Fig. 5. Comparison of real data to different types of simulaled signal data. [A]) Chloride channels signal of Fig, 3 after ideal reconstitulion (I/80 
point displayed). I,~.) Classic current level histogram performed on an idealized teal sil~',l, The Ihre¢ main current 14.~¢1s (0, - 9  and - 18 pA) 
are sb.own as well as two intemtediate sublevels ( - 4.5 and - 13,5 pAL (A.~.) E',~n! map of Ih: ideaUzed real signal. The time threshold L~ Fc~d to 
0.5 ms. Cnr, sequentiy, short lasting even! qf less than D.5 ms are planed on ahzcissa axi~ as unrczolvnd events, an this rcprc.~nlation the five 
current Ic~vels are obscrv~ (vertical aligamenls al 0, -4.5. -9,  - 13,5 and - 18 pA) as ~ell as the tour main purL'eat steps (horizontal alignnlenls 
at ±4.5 pA and ±9 pA),±9 pA c'Jnent steps are mi~ing al intermediate ¢urr=nt Icv¢:ls (-4,5 and = ]3.5 pAL Unrc~ol.,'cd cvcnl, a;¢ maze 
frequent at main current levels (0 pA~ -9  pA and ~18 pA). The tigum exhibits a symnct~ polar (-9;0). (BI) Simulat~ signal of four 
independent subunits. Each, ~ubunit gating respects a Markovian process with 10- ~" s" I as Ol~ning rare cons]anl and 7. ]O -2 s- ] as closing rate 
constant. (B2) Current level hislogram of Ihc simulated .~ignal BI. Peak distribution tits a bigomial dislrihufion tP < 0.1)5). Number of gating is 
resularly decreasing from fully elt.~d slain (four channels closed) to fully ~pen state (four subunils open). As the opening rate constant is higher 
than the closing xalc constant, the fully open stare ( -  18 pA) is very rare. (B3) Event map of the signal B[. Distribution of current step is 
significantly different from this or teal signal (Fig. 5.AY,) tP < 0.05). (CI) Simulated signal built by the addition of two pairs of snbunils exhibiting 
1he cooperative model discribed in the Fig. 4. (C2) Curoml level histogram of the coopmalivu siren|led signal uf Fig. 5.C1. Thc~ is no statistical 
diffelence [P < 0.05) between this histogram and Ih: histogram derived from real data (Fig. 5-A3). (C3) E~ent m~p of the cooperative simulated 
signal of Fig. 5-C]. The distribution of the events is statistically in ~greamen] Vcilh the distribuliO, or Ihe corresponding evenls dislribulion 

~served for real data from the Fig. 5.A3 (P < 0.05). 
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TABLE I 

Corapamon bet.,,ve~ HUVE.C dtforide channd reeoM and simulattd cooperetive le~r#subuuit 

Real data correspond to HUVt:C ehtoridu channels activity of a inside-out 0arch -40 mV elaml~d, with 110 mM TEACL 10 mM H¢!~s in the 
pipette and in the bath, Simulated data conespond to a simldated tetrasuhunit huib with two pairs of ¢~peralivu subeuits (kinetics des¢ti~d in 
Fig, 4). Duratic.n of each record: 10 s, Sampling rate: 8 kHz. For each typ~ of record, the numt~r and the proportion of each carrenl step 
between two consecutive current [¢vcls (i in pA) are reported, The ¢ompari.~a of current step distribution (X;Z: 13.54; threshold with P "< 0.05 
and ! I degrees of ~'reedom: 19.6'7) shows no significant difference between real and simulated data, 

Previous current 
leveltpA) 0 0 -4.5 -4.5 -q - 9  -9 -9  -133 -13.5 - Ig  -18 

Next current 
level (pA) -4.~ -9  O -9 0 -4,3 -13,5 -18 -9 -18 -9 -13.5 

Current step 
amplitude (pA) -4.S -9  43 -4.5 -9  4.S -4.5 -9 4,5 -4.5 9 4.5 

Rue! data 
Nurnher of steps 49 44 48 108 46 107 Ii~ 24 103 "/4 2"/ "/1 
percent of St¢l~. E.,] 5.4 5.9 13.3 5.7 13,'2 13~3 3 12.7 9,1 3.3 g,8 

Siumlated date 
Number of steps 31 14 33 47 11 52 41 I I 46 28 S 31) 
Percent of steps 8,8 4 9,4 13,4 3.1 14,8 11,6 3,1 13.1 8 2,3 g,S 

coupling of gating between structural subunits of chan- 
nel clusters. Furthermore, we are working on to know 
if the cooperatlv model lends to a reinterpretation of 
the way classical Markov models have bee[[ used to 
analyse the data from other channels. 

In this work, using an improved method of p~tch. 
clamp channel data analysis, we present evidence for 
the existence of four subunits o f  equal conductance 
(112.5 pS) in chloride channels of HUVEC, The obser- 
vation of the event mapping and the analysis of the 
probabilities of oecupancy of the different substates 
show that the behaviour of these channels deviates 
from a binomial distribution. A concerted model of two 
pairs of two subunits exhibiting a Markovian process is 
consistent with the experimental data. However, this 
model remains speculative and while useful conceptu. 
ally to explain the data it may not in reality be the way 
these channels function since the ability of a model to 
repro<lace data is not proof  of a mechanism. 
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