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Channel-Sizing Experiments in Multichannel Bilayers
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Abstract. The possibility of obtaming mformation about the radius of high and
low conductance states of channels in multichannel membranes was tested exper:
nwntally In spite of the mterference of non electiolytes on the numbers of channels
that appeared in the membrane the non electiolyte exclusion method was success
tully adapted to multichannel bilayers to estimate the radius of the larger opening
of the low conductance state of the channel mduced by Staphylococcus aureus
alpha-toxin At the pH used, the channel transition to a low conductance state was
accompanied by a decrease of the openmg radius from 13402 n0m to 09+01
nm The detetmunation ciiteria for masimum size of a channel opening when using
the non electrolyte exclusion method 1s discussed

Key words: Alpha toain Planar bilayer — lon channel size — Conductance
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Introduction

Staphylococcus aureus alpha-toxin (ST) 1s a single chain protein with molecular
mass 33 kDa (Giay and Kehoe 1984) Its ability to form transmembrane 1on
channels was established more than 15 years ago (Kiasilnikov et al 1980, 1981)
Since that tume, the properties of the channel incorporated mto lipid bilayers as well
as mto cell membranes have been under intensive study (for review, see Bhakd: and
Tranum Jensen 1991, Krasilmikov et al 1991) Most likely, the channel 1s oligomeric,
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contammg 7 molecules of the toxim (Gouaux et al 1994) Different appioaches
were used to establish the appatent 1adius of the channel which was found to be
m the 05 14 nm 1ange 1 biological membranes and i the 05 13 nm 1ange m
Iipid bilavers (Bhakdi et al 1984, Menestrina 1986 Kiasilmikov et al 1988a, 1992
Sabuov et al 1991, 1993 Walev ¢t al 1993, Jonas et al 1994 Bezrulov et al
1996)

Bilayer experiments (Krasilnihoy et al 1988b, 1990a, hasianowicz and Bez-
1uhov 1993) have demonstirated that at neutial pH, ST forms 1on channels which
mainly show a high conductance state Decreasing the pH led to an mcaease m
the sensitivity of the channel to voltage gradient As a result, transitions between a
Ingh and a low conductance state occur more fiequently and can be casily observed
(Krasthuhosy et al 1988b, 19904, Koichev et al 1995) The nature of the gate 15
unknown although 1t was surprisingly sumilar to the current fluctuation shown n
1on channels present m biomembranes In some recentls published studies (Kra<il-
nithov et al 19884, 1991 1992 Sabnov et al 1991, 1993) on mdividual ST-channels
the apparcut radius of the channel was estimated to be 13 nm The channel 1a-
dius m the low conductance state was found to be considerably smaller (~ 0 6 nm
hiasdmhov et al 1990b) A few vears later Korchey et al (1995) examined the
channcl cross-section m high and low conductance states and found much smaller
changes m the channel radius (from ~ 0 8 um to ~ (0 64 nm) The declared value for
the 1adius of the ST-channel in ligh conductance states was considerably smaller
(~ 08 um) than the eaily data (Nrasimkov et al 19884 1991, 1992, Sabuov et
al 1991 1993), although both groups of authois have used non-electrolytes (NE)
as molecular probes to size the channel A resolution of this discrepancy was one
of the auns of the prcsent study

In the original description (Sabuov et al 1991, 1993, Krasilmhoy et al 1992),
the NYE- exclusion method allows to size mdividual pores by a techmque based on
the dccrcase of conductivity imnduced by high concentrations of neutial NE applied
to both sides of ipid bilayers small NE that enter the pore deciease the conduc-
tance whereas large NE that do not enter 1t do not affect the conductance The
method 15 based on observations made on a number of separate smgle channel
cvents, and then the data are averaged m order to permut a fair decision about the
sizes of both the high and the low conductance states In thes respeet, a bhilayer
contarning many channels seems to be a moic appropriate system to study, being
less time consuming and especially appropriate for low conductance channels The
eramination of the usc of multichannel bilayers to determine channel size was the
second aem of our study Lipid bilayers modified by S aureus a-toxin were chosen
as the model This model has advantages as well as disadvantages Information
about the channel size (Krasilnikov et al 1988a, 1990b, Koichev et al 1995) facil-
itates the studv On the other hand, the influence of polymer non-electiolytes on
the cquilibrium between high- and low conductance states of the channel and on
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the process of pore formation (opening) has also been demonstiated (Zimmerberg
and Paiseglan 1986, Bashford et al 1993 Koichev et al 1995), a fact that stiongls
complicates the study Hence, 1f there 1s a possibility to establish the channel <ize
for this complicate case the approach could be applied to anv other channel The
present study was undertaken to examne this possibility

Materials and Methods

S awrcus o-toxin was donated by D1 KX D Hungerer (Behringwerke Labora-
torres, Marburg, Germany) Puwe phosphatidvlchohme was prepared according to
Bergelson ¢t al {1981) o1 purchased fiom Sigma (5t Lows USA) (Tvpe V-E)
Cholesterol was putchased from Sigma and used without any modification Glucose
was putchased fiom Merch (Daimstadt, Germany) and suctose fiom Reagen (Rio
de Janeiro Brazil) Polyethylene glycol (PEG) 1000 and PEG 1450 (Sigma) PEG
2000, PEG 3000, PEG 4000 and PEG 6000 (Loba Chenue, Mumbai, India) weic
used as non-clectroly tes (NEs) When necessary the non-electroly te polyicis weie
additionally putified by amon-exchange chromatography usmg strong alkaline an
o1 cxchangers (IIT or IV Merch) to 1cmove anton groups contaiing contaminants
which decrease the stabtlity {life time) of bilayer hipid membranes and mcrease the
probability of 1on channel transitions from open to dosed states Other chemicals
were of analytical grade and were used without additional puiification

Twice-distilled water was used to prepare all buffer solutions The standard
solution used 1n the bilaver experunents contamed 100 mmol/1 KC 5 mumol/1 it
acud and the pH was adjusted with Tis to 4 0 In experunents caivied out to deter-
mune channel size this solution also contamed 17% o1 20% (w /1) of an appropriate
non-electioly te I all cases the solutions on both sides of the bilaver were the samc
The hydiodvnamic radu of non-clectioly tes were obtammed from recent viscometry
studies (Sabuov et al 1991, 1993}, and were as follows (nm) glycerol, 031 £ 002
glucose, 037 + 002, PEG 1000, 094 £ 003 PEG 1450, 105 £ 003 PEG 2000
1224003, PEG 4000, 1 9240 03, PEG 6000, 2 540 03 The conductivity of each
buffer solution was measured with an HI 9033 (HANNA Instruments, Woonsodket,
RI) multi-range conductivity meter at 25°C

Planat lipid bilayers were formed at room temperature (25 4 2°C) by the
techmque of Montal and Mueller (1972) fiom a phosphatidylcholine-cholesterol
misture (1 1, w/w) Monolayers were spread from a 10 mg/ml solution of lipids 1
n-hexane, on the surface of two buffered salt solutions, separated by a 25 pm thick
Teflon partition i a Teflon experimental chamber The orifice diameter was about
0 2 mm

Expetiments were carried out under voltage-clamp The cuirent thiough the
bilaver was measured with Ag/AgCl electrodes connected via salt bridges (3% agar
with 3 0 mol/l KCl) to the cis- and trans-compartments of the hilayer chamber
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The trans-compaitment was connected to virtual ground through an operational
amplifier (K284UD1A) in the current-to-voltage configuration Voltage pulses were
apphed to the cis-compartment of the chamber The toxin was also added to the
cis-compartinent The solutions m both compartments were magnetically stuied
The amphfier signal was monitored with a storage osalloscope and 1ecorded on a
stip chart or tape recorder Basal conductance of non-modified bilayers was less
then 4 pS Vore than 200 10n channels were 1ecorded i each experimental condition
(5 7 channels per membrane)

Protem concentration was determined with a Bradford reagent (Bio-Rad, Cal-
fornia USA) using bovine serum albuimn as the standard

Results and Discussion

As published elsewhere (Krasilmhoy et al 1998), the size of individual pores can be
evaluated by measuiing a parameter wich represents the filling (F) of a channel
with NE F can be calculated as follows

F:((qo_ql)/(}z/((xo*\1)/)\1) (1)

whete g, 15 the sigle channel conductance i the presence of an impermeable non-
electiols te o1 the single channel conductance m a solution without non-electioly tes
g, 18 the smgle channel conductance i the presence of a solution contaming NE
with access to the channel mnterior on both sides x, 15 the conductivity of the
solution without non-clectiolytes o1 the conductivity of the vitual volume free of
non-electrolytes m a solution with non-electrolyvtes y, 15 the conductivity of the
solution containing a given NE

To applv the method for measuring the size of the high and low conductance
states of a channel i a multichannel bilayer we must show the existence of a
correlation between related parameters at the single- and multichannel levels This
can be done by compaiing the conductance distributions of the single ST-channel
at lugh and low conductance states, on the one hand and the conductance levels
obtamed m a multichannel bilayer at a low- and high transmembrane potential
(when ST-channels are previously 1 a high and low conductance state (Menestiina
1986 Kiasinikov et al 1988a, b, 1990a, b, Korchev et al 1995) on the other one

As expected when ST was added at low concentrations (~ 0 1 pg/ml) to the
aqueous solution bathing a voltage-clamped bilaver the membrane conductance
mcreased in disciete steps, indwating the mcorporation of 1onmie channels mto the
hipid bilayer The membrane potential was fixed at 20 mV Under these conditions
channel openings weie detected as upward cuirent deflections Downward steps,
representing the closing of the channel, were very seldom observed at this low
voltage The conductance values for the unitary events were calculated and plotted



Channel-Sizing Experiments 353

ot
o

Probability, P
o
b

o
-
Il

0 50 100 150 200 250
Coductance, pS

Figure 1. Amplitude histogram of conductance fluctuations for the high conductance
state of the ST-channel The piobability, P to observe conductance steps like the oue
shown 1 the cuirent traces mn the mset 15 represented Standard solution of pH 4 0 was
used The record was discarded when any of the open channels temporarilv closed ST
was added to the c15 compartment to a final concentration of ~ 01 ug/ml The bilayer
was c(lamped at 20 mV More than 200 1on channels were 1ecorded (5 7 channels per
membiane) Bin width was 10 pS All other conditions for the experiment are described
i Materials and Methods The mean value for single channel conductance was obtamed
using Gaussian distribution for the mam pool of tius histogram (gngn = 212 £ 9 pS)
A sample of an ongnal single channel recording 15 <hown 1 the mset The dashed linc
mdicates zero curtent level the arrow indicates the addition of the toxin

m a cumulative histogram (Fig 1) A mean value of 21249 pS m 100 mol/1 KC1
(pH 1 0) for single channel conductance (gi,gn) was obtamed by fitting a Gaussian
curve to the main pool of this histogram Hence we found that the high conductance
state of the ST-channel 15 quite uniform n size, m agreement with data reported by
others (Menestrina 1986, Krasilnikov et al 1988b, Krasilnikov and Sabirov 1989)
To study the low conductance state, the bilayers contained only one ST-
channel The experiment was started as described above and when a single channel
appeated the transmembiane voltage was increased to 100 mV Under these con-
ditions channel closures were detected as downward current deflections, but the
curient never dropped to zero value This temaining conductance was used to con-
struct a histogram and to measuie the average low conductance Since ST-channels
m the low conductance state change to a high conductance state after applymng
zero potential (Menestrina 1986, Krasinikov et al 1988b, 1990a b, Korchey et al
1995) we used this property to determine the variations in conductance by obsers-
mg about 10 transitions for a given channel These conductance values for many
mdividual channels were plotted in a cumulative histogram (Fig 2) A mean value
(g1ow ) of 27 4 13 pS 1n 100 mmol/l KCl (pH 4 0) was obtamed for this low con-
ductance level by fitting a Gaussian curve to the main pool of this histogtam The
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Figure 2 Amplitude histogram of conductance fluctuations for the low conductance
states of the ST-channel The probabihity P to observe a low value of channel conductance
15 1epresented ST was added to the cis compartment to a final concentration of ~ 005
pg/ml Standard <olution of pH 40 was used The analysis of the channel transitions
to closed  state conductances was done m bilavers contamning only one channel The
record was stopped when a second channel appeared Data obtained from more than
30 membranes are plotted Bin width was 6 pS For all other expermental conditions
see Materials and Methods and the text The mean value of the low conductance state
was obtamed by plotting o Gaussian distribution for the main pool of this histogram
(glow = 27 £ 13 pS) An onginal recording 15 displayed i the mset The dashed line
mdicates sero current level At the beginning the bilayer was clamped at 20 mV When
a channel appeared the potential was switched to 100 mV This forced the channel to go
to a low conductance state In order to reopen the channel the transmembrane potential
was transiently switched to 0 mV and then back agamn to 100 mV

distribution of the low conductance state was found to be much wider (in relation
to 1ts mean value) than that established for the high conductance state suggest
g the existence of different low conductance states, as demonstrated pieviously
(hiasilmhov et al 1990a) From this type of experiment, one can sec that, undex
these conditions the mean value of the conductance of the low state 1s about 12%
of that of the lugh state

In multichannel experiments we examined bilayer conductances at two different
transmembiane potentials low (10 mV) and high (100 mV} for the Ingh and low
channel conductances respectively The experiment was cairted out as follows
after the bilayer was formed and 1ts parameters stabibzed, ST was added to the
15 compartment at a relatively high concentration (~ 4 pg/ml) and voltage was
clamuped at 10 mV When the conductance of the bilayer reached approximately
10 nS the toxin-contamung solution was replaced with fiesh buffer The mncrease
m bilayer conductance stopped within a few minutes and the final value (G,gn)
was deterrmined at this pomt for ST channels in the lugh conductance state The
trausmembrane potential was then mncreased to 100 mV The conductance of the
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Figure 3 Timc course of the cutrent in response to the application of a voltage pulse
to a lipid bilaver containing nutnerous ST-channels 1 the presence of standard buffer
solution pH 40 The dashed line on the current trace indicates zero current I3 and [
arc current loveds used to calculate Guyn and Giow The voltage pulse protoc ol 15 shown
below thc cuiient trace The stepwise increase 1 transmembrane potential to 100 md
leads to the large instantaneous value of the current passed through the channels with
a subsequent decrease toward a lower steadv state value At least five half times were
allowed to pass before steadyv state conditions with Gio., conductance were obtained The
asterlsh with the airows indicates the perfusion tune mterval of the cis compartment of
the expernncntal cell with standard solution without the toxin For other experimental
conditions see Materials and Methods and the text

low state Glow  was detetmined when the current reached a steady level after the
mitial t1ansient (Fig 3) As aiesult the Glow/Giygn 13t10 of about 0 12 was found
This 15 equal to the value of giow/gnign Obtained from single channel experiments
This finding indicates that channels in a multichannel bilayer behave i the same
mannelr as 1n single channel bilayers

With this i mind, one can apply the NE- exclusion method to estimate the
siz¢ of the channel using muitichannel experiments In this case, Equation (1) which
determines the filling of the channel with NE 1n the high conductance as well as in
the low conductance states should be written 1 a shightly different form

F= ((GO - GL)/GI)/((XO - XL)/XI) (2)

where G, (Grgn 01 Giow for high and low conductance state, respectively) 1s the
bilayet conductance m the presence of an unpermeant NE or without any NE at
cither channel opening, G, 1s Gﬁgh o1 GRE| and 1s the bilayer conductance in
the presence of a solution contamning NE with access to the channel mterior on

both sides The conductance of non-modified bilayers (~ 4 pS) was neglgible 1n
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comparison with that of the modified bilayers, and was not taken into account v,
and y, have the same meaning as m Eqguation (1)

Equation (2) 15 only valid if there 15 no marked influence of NE on the equi-
lib11um between high- and low conductance states and on the opening process and
the number of channels 1n the bilayer (V) 1s kept constant during the experiment
Unfortunately this 15 not the case for ST mduced channels, since the addition
of some NE can change the number of functional ST-channels in the membranc
This phenomenon, noted by Bashford et al (1993), taken together with recent
observations of an mcrease i the numbers of operated ST-channels mduced by
a pH shift hom any value to 56 (which 15 the pH value at which maximal 1ate
of ST channel tormation 1s observed (kiasinikov et al 1986, 1991)), suggests the
(aastence of a pre-formed, but not functional ST channel pool m thc membrane
1his tact precluded the diect use of Equation (2) to determine the sizc of the hugh
and low conductance states of ST channels m a multichannel bilayer simultanc
ously because at least two parameters (g, and N) are unknown Thus, we were
forecd to fust estimate g, for one of the ST-channel states The high conductance
state of the channel was chosen Values of ¢, obtained 1 the presence of different
NE m the bathing bilayer solution are shown in Table 1 These data can be used
to determmme the size of ST channel 1n the high conductance state by calculating
F (usmg Equation (1)) and plotting this F' aganst the hydrodynamic 1adu (1)
of thc NE (Fig 4) The radwus of the chanunel can be considered to be equal to
the hyvdiodvnamic radws (r) of the NE corresponding to the point of transition
fiom the falling part to the lower quasi-horizontal branch of the relationship of F

Table 1 High conductance state of ST channel in the presence of non electrolytes 1 the
bathing solutions

Nou electrolyte 91};}:?1 g{;':ﬁ 1
(pS) (pS) (1mS/cm)

1 Nomnc 212 £ 9 130 £ 11 126
3 Glvcerol 124 + 11 78
4 Glucose 113 + 8 75
3 Suaose 112 £ 10 74 + 10 76
10 PEG 1000 134 £ 20 97 £ 15 66
11 PEG 1500 181 £ 22~ 103 + 18 65
12 PEG 2000 213 + 26" 136 + 17# 65
13 PEG 4000 238 + 28" 147 + 20% 65

* and # mark differences at P > 0 02 (¢ test) In all other cases, P < 0005 Standard
solution of pH 40 and pH 6 0 was used All non electrolytes were used at 20% (w/v)
concentration \ (mS/cm) 15 the conductivity of used solutions For other conditions, see
the tent
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Figure 4. Dependence of parameter F' on the hydrodynamnic radius of the non-electrolvte
for lugh (single channel level) and low (multichannel level) conductance state of the ST-
channel Svmbols (0 and O) indicate the filling of the high conductance state of the ST
channel with NE 1n single channel experiments at pH 4 0 and pH 6 0 For experimental
conditions, see legends to Figures 1 and 2, and footnotes to Table 1

Symbol (®) indicates the filing of low conductance states of the ST-channel with NE
m multichannel experiments (pH 4 0) As described 1 text, data analogous to those
presented 1 Figure 5 (Guyh. Giow, G{:‘,Eh and Gf\f,f;, together with values of conductances
of the lugh conductance state of the single channel and the numbers of appaient channels
m 1elated conditions (Table 1 and Table 2), were used to calculate the apparent values
ot single channel conductance i the low conductance state aund equation (1) was used to
evaluate parameter F

Lines are best fits to the experimental pomnts The horizontal lme for the low conductance
state of the ST-channel connects the pomnts measured 1 the presence of PEG 1000, PEG
2000 and PEG 4000 The horizontal line for the high conductance state of the ST-channel
connects the pomts measured in the presence of PEG 2000, PEG 4000 and PEG 6000
The pomnts for 1adn ranging from 0 31-0 37 to 0 94-1 22 nm were used to draw another
linear regiession The arrows indicate the maximal values of the radius of the ST-channel
in the high and low conductance state For types and sizes of used NEs, see Materials and
Methods section For other experimental conditions, see the text

against r Molecules with this and larger 1adii do not enter the channel and do not
affect conductance One can see that the value obtained for the channel radius was
slightly lazger than the hydrodynamic radius of the molecule PEG 2000 (1.22 nm),
and equal to ~ 1.3 nm. The same values were found at pH 6.0 and 4.0 (Fig. 4)
A similar 1adius was obtained earlier at pH 7.5 (Krasilnikov et al. 1988a, 1991.
1992; Sabunov et al. 1991, 1993), despite that fact that the conductance at acid
pH considerably exceeds that at neutral pH (Krasilnikov et al. 1986, 1989, 1991;
Kasianowicz and Bezrukov 1995).

As shown elsewhere (Krasilnikov et al. 1998), this method allows the maximal
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size of a chlannel opening to be established Consequently, the radius of the laigest
opening of ST-channels m the lugh conductance state 1s quite stable; does not
depend on pH, and 15 close to 1 3 nm The data obtammed aie in excellent agreement
with the recently established molecular architecture of the ST-channel (Song et al
1996} and are different from those published by Korchev et al (1995)

The data about g, for the high conductance state allowed us to estimate the size
of the low conductance state of the ST-channel in multichannel bilavers The exper-
mnent was statted as desciibed above (Fig 3) and the bilayer conductances (G,
at 10 mV and Gloy at 100 mV) for ST-channels i high and low conductance
states were also deternmuned Then, keeping the 100 mV potential, the solutions on
both sides of the modified lipid bilayer were replaced with fiesh (ST-free) basic so-
lution with 17% (w/v) NE The result obtamned using glvcerol, PEG 1000 and PEG
1000 15 presented 1 Fig 5 The conductance of the bilayer (G)oy) was changed by
substituting a new value (GN! . determined by ST-channels n a low conductance
state m the presence of NE) Two effects of NE may participate m this change 1)
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an alteration 1 the number of functioning 1on channels, and 2) a decrease i the
conductance of the low conductance state of the 1on channel Only the latter effect
should depend on the radius of the low conductance state of the 1on channels To
cotrect for such effect we must subtract the influence of the non-electiolyte on the
number of functional channels Thus, we decieased the value of the fixed potential
from 100 1V to zero for a few seconds and then fixed 1t at 10 mV This protocol of
voltage pulses 15 suthaent for complete transition of the ST-channels to then high
conductance state (Menestiina 1986 Kiasilnihov et al 1988b, 1990a, Korchey et
al 1995) As aiesult, we detexmined the sum of conductances for all ST-channcls
(at then high conductance state) in the presence of NE (G;:‘f;h
the single 10n channel conductances m basic solution without (gi,n) and with NE
(qﬁlih) (which was established during the smgle 10n channel 1ads determimation)
we could calculate the number of channels under these conditions (N and N?)

) Using the values of

as follons Al = Gt/ g and NZ = G;\fllh/qﬁzh The 1esults are presented
Lable 2 One can see that addition to solutions bathing the multichannel bilayer
of NE actually changes the number of functional channels Knowmg the number of
channels allows us to find the mean value of the conductance of a single ST-channel
w low conductance states without (gion = Glow /N') and m the presence of NE 1
the solution bathig the membiane (ght = GMlow /N2) The 1esults of this and
many sunilar expernnents with PEG 1000 as well as with other NEs were used to
obtain 1chable data tor gow and ¢NF low under these conditions

Table 2. Influence of non electrolvtes on the numbers of ST channels opened m hipid
bilavers

Non-electiolyte N?

1 Glycerol 824 £+ 183
2 Glucose 689 + 102
3 Sucrose 750 £ 422
4 PEG 1000 1870 = 695
5 PEG 1500 1412 + 36 8
6 PEG 2000 1039 £ 119
7 PEG 4000 657 + 235

N?  are numbers of channels after the addition of the NE to the bathing solution (ex-
pressed as Y% of those i pure buffer) For other conditions, see the text

These findings permit us to use Equation (1) to calculate paramneter F' and to
determine the channel 1adius of low conductance ST-channel from F against the
hydrodynamic 1adius of NE dependence The data ate shown m Fig 4 along with


http://9hit.ii

360 Krasilnihov et al

those for the open state of the 1on channel One can see that the maximal 1adus
of the ST-channel openings decreases considerably upon transition from the high
to the low conductance state (from 13 nm to 0 9 nimn)

Usig crystallographic data Song et al (1996) demonstiated that the two
channel openings have alimost the same radius On the other hand the NE-exclusion
method provides information about the decrease 1n the maximal size of the channel
openmgs during the channel tiansition to low conductance state Hence, we can
suggest that both openings of the channel are mvolved (decrease m size) m the
voltage-mduced channel transition from high to low conductance state During this
process the maxumum (ross-sectional area of the 1on channel openmngs decreases
mot¢ than two times from ~ 54 nm? to 25 nm? The disciepancy between om
data and those r1epotted by others (Kotchev et al 1993) who obtamned a smaller
diffarence (16 tumes) 15 certamly a 1esult of differences m the evaluation of the
channel rtadius from the 1elationship of F and 7 The size of the smallet NE which
do not cnter the channel at all, must be considered to be equal to the maxumal
size of the channel openings This cniterion 15 1 good agreement with the recently
established molecular architecture of the ST channel (Song et al 1996) and was
used m the present study whereas Koichey et al (1995) took a 50% ‘cutoft”
size of NE as the size of the channel This latter assumption has no clear physical
meanng, By applying out aiteron to korchev’s data one can obtain ~ 1 3 nin and
09 nm as 1adn of the channel in the high and low conductance state, respectively
This agreement suggests that the multichannel approach may validly be used tor
channel size determination (as used for the low conductance state of the ST channel
m the present studv) U«ng these data the calculated change in the maximum
cross section of the ST-channel water pore duning its transition from hugh to low
conductance state 15 constderable, but still less than expected from the change i the
channel conductance It should be pomnted out, however, that channel ¢10ss-section
nught correlate with conductance for very large channels onlv (> 10 nmn radius
Pastainak et al 1993) For nartower channels (to which the ST channdl belongs)
the thcoretical conductance data could differ fiom experimental conductances by
a factor of 53 (Smait et al 1997) For these channels conductance should much
more depend on the molecular nature of the suiface, 1 e, chaiges and dipoles
situated at the entrances and along the walls of the channel It should also be
mentioned that unage (Markin and Chizinadjev 1974) and friction (Antonov 1982)
forces can also mterfere with the cross section/conductance relation These explain
the deviation of conductance from espected values This also accounts for the
changes m selec tivity and i conductance at high conductance state observed with
a shift m bathing solution pH 1 using ST-channels (Menestuna 1986, Kiasilnikos
ct al 1986 Krasinikov and Sabuov 1989, Krasilmhov et al 1991, Beziukov and
Kasianowics 1993)
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