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Abstract: We studied the dectric properties of phosphatidylcholine bilayers
modified with crown ether (dibenzo[ 18] crown-6). The studies were carried out for
various crown ether concentrations in forming solutions and various potassium ion
concentrations in eectrolyte solutions. The presence of crown ether in the
membrane influences the membrane's impedance; there is a reduction in its
resigivity, a decrease in its resistance of phase transfer and an increase in its
capacity of phase transfer with an increase in crown ether concentration in the
bilayer and in K™ ion concentration in the dectrolyte solution.
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INTRODUCTION

A group of chemical compounds caled crown ethers has aroused a great interest in
recent years because of their characteristics, which are of importance in preparative
chemistry and in biology. New fields of application in research and potentia uses
in industry have been found for them [1-3]. The crown ethers were the first neutra
synthetic compounds which were found to be able to form stable complexes with
akali meta ions. The structures of some macrocyclic polyethers are similar to
those of certain naturally-occuring macrocyclic antibiotics, such as valinomycin,
which affect cation transport across biological and artificial membranes. The first
discovered and most versatile of the aromatic crown compounds is
dibenzo[ 18]crown-6 (Fig. 1) yielding 1:1 complexes with the potassium ion.

The action of the crown ether in the lipid bilayer can be presented asfollows: stage
1: the binding of the ion and the stripping of its hydration layer near the surface of
the membrane; stage 2: diffusion across the membrane in the form of a complex
with theion; stage 3: the liberation of theion on the opposite side of the membrane,
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where the ion undergoes hydration; and stage 4: diffusion of the free ionophore to
the origina membrane surface, closing theion carrier cyclein the membrane [4].
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Fig. 1. The structure of 2,3,11,12-dibenzo-1,4,7,10,13,16-hexaoxacycl ooctadeca-2,11-
diene (dibenzo[ 18] crown-6).

In this study, through an investigation of the effect of dibenzo[18]crown-6 on the
eectric properties of the lipid bilayer, we want to demonstrate that the ionophore
antibiotics can be replaced by crown ethersin membrane transport processes.

MATERIALS

3-sn-phosphatidylcholine (lecithin) and dibenzo[18]crown-6 (both of Fuka)
were used in the experiment. The phosphatidylcholine was dissolved in
chloroform to prevent oxidation; the solvent was evaporated in an atmosphere of
argon and the residue was dissolved in a hexadecane solvent. The crown ether
was dissolved in chloroform. The forming solutions contained lecithin or crown
ether-lecithin mixtures of 1:40, 1:50, 1:60, 1:70 and 1:80 weight ratios.
Potassium chloride solutions were used as the electrolytes. The solutions were
prepared from mili-Q water and KCI (POCh). KCl was calcinated to remove
organic impurities.

All experiments were carried out at room temperature (20-22°C).

MEASUREMENTS

The model 273A apparatus from the PAR company was used in the impedance
measurements; its block diagram was presented in [5]. The measuring vesse
used in the studies of the electric properties of lipid bilayer membranes was
described exactly in [6]. The dectrochemical cell in the four-electrode
configuration contained two identical reversible silver-silver chloride electrodes
and two identical current platinum electrodes. Bilayer membranes in the form of
a bubble built of lipids were produced. The use of hexadecane as the solvent
allowed us to obtain membranes of thickness and capacity values similar to
those of membranes formed of monolayers [7], whereas short-chain
hydrocarbons used as solvents would have increased membrane thickness and
would have lowered its capacity. The bilayers were polarized with an alternating
current of 4 mV amplitude in the 0.1-10000 Hz frequency range. Data analysis
was peformed by means of software using a nonlinear least square fit
(Equivcrt.Pas) elaborated by B. A. Boukamp [8].
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RESULTS AND DISCUSSION

In the absence of the ion carrier, the impedance diagrams exhibit very ssimple
profiles, showing a capacitive semicircle in the anayzed frequency range,
indicating that the lipidic membrane behaves as an isotropic sheet (Fig. 2).
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Fig. 2. Nyquist diagrams of phosphatidylcholine membranesin 0.0001M KCI.

The electric properties of the pure lipid membrane are described by electric
circuit No. 1, presented in Fig. 3. The possibility of misinterpretation of the
recorded data is reduced by smplicity of the circuit [9]. The capacity and
resistance of the membrane are represented by C,, and R,,, respectively. R, isthe
electrolyte solution resistance; it was assumed to be of ohmic nature and not to
perturb the membrane properties. In the 0.0001-0.1M KCI concentration range,
Cn and R, were found to be independent of electrolyte concentration; they were
equal to 230 + 20 kW cm? and 0.62 + 0.02 nf/cm?, respectively. The parameters
are dightly different in the 1 M KCI solution (the resistance is lower and the
capacity is higher); this is connected with the entry of some quantity of
potassium ions into the interior of the bilayer.
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Fig. 3. Equivalent circuits representing the electricdl properties of pure

phosphatidylcholine membrane (1) and phosphatidylcholine membrane containing
dibenzo[ 18] crown-6 (2).

The frequency response is drastically different when crown ether is present in
the membrane. The impedance spectrum of the bilayer modified with
dibenzo[ 18] crown-6 exhibits capacitive contribution a high frequencies, with the
indication of asecond semicircle a low frequencies (Fig. 4). The appearance of
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Fig. 4. Nyquist diagrams of phosphatidylcholine membranes modified with crown ether of
various analytical concentrationsin 0.0001M KCI.

the second semicircle in the impedance spectrum is due to the potassium ion
transport caused by the presence of the crown ether in the membrane.

Scheme 2 of Fig. 3 presents a simple modd of the membrane in which the
impedance components of the membrane and the impedance representing the
interface are taken into account. Cy; and Ry (pt stands for phase transfer) are the
capacity and the resistance, respectively, of the membrane-electrolyte solution
phase transition [9].

The experimenta R, Ry, Cy parameters are presented in Figs. 5-7 as functions
of the K* ion concentration in solution and of crown ether concentration in the
membrane. The C,; and R values were not determined for 1M KCI because the
formation of the second semicircle was observed to start at a KCI concentration
ashighas0.1M KCI.

The presence of the crown ether in the membrane and of the K* ion in the
solution have no significant effect on membrane capacity, which varies in the
0.6 nf/cm? < C,,, < 0.8 n/em? range. This can be explained by the higher water
content in the bilayer, which enhanced electric permittivity, and thus, the
capacity of the membrane. The mean values of the measured parameters were
obtained from ten independent measurements of the lipid bilayer. The standard
deviations are not shown in the figures for the sake of clarity. Deviations were
up to 5% of the mean capacity and up to 10% of the mean resistance (the scatter
of the results increased with increasing crown ether concentration as the
membrane stability was then poorer).

It can be concluded that an increase in potassium ion concentration at constant
dibenzo[18]crown-6 concentration provokes a marked decrease in R, (Fig. 5)
and in Ry (Fig. 6) and a marked increase in Cy (Fig. 7). Similarly, both
resistances decrease and capacitance increases with increasng crown ether
concentration at constant K* ion concentration (increasing membrane
conductivity).
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Fig. 5. The dependence of the resistance of the membrane on the analytical crown ether
concentration at various el ectrolyte concentrations
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Fig. 6. The dependence of the resistance of transfer on the analytical crown ether
concentration at various electrolyte concentrations.
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Fig. 7. The dependence of the capacitance of the transfer on the analytical crown ether
concentration at various electrolyte concentrations.

The increase in conductivity was due to the increasing amount of the
dibenzo[18]crown-6-K* complex in the membrane, resulting from increasing
potassium ion and crown ether concentration. The complex is more soluble in
the hydrophobic phase than is the hydrated potassium ion itself. Conductivity
increases in the presence of such a complex in the lipid phase, because the
macrocyclic compound-potassium ion complex has a net positive charge. This
point of view is supported by the results of the study of membrane non-
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isothermal potential and of kinetics studies on biphasic extraction [10 and
literature cited therein].

There are severd classes of macrocyclic compounds which can yield marked
changes in the selective K™ permeability of the lipid membranes. Among them,
there are depsipeptides like enniatin B or valinomycin and its anaogues,
polyesters-polyethers like monactin-dinactin, and pure polyethers, e.g. crown
ethers. The number of ring atoms in these active compounds varies from 18 in
the case of enniatin B and dibenzo[18]crown-6 to 36 in valinomycin. Enniatin B
and dibenzo[18]crown-6 affect the membrane resistance to markedly weaker
extent than valinomycin and the polyene antibiotic, monactin-dinactin, with a 32
atom ring. Polyethers with less than 18 ring atoms provoke a greater
permeability increase across the lipid bilayer for the sodium ion than for the
potassium ion. Although the substituents on the rings vary in these different
compounds, they are aiphatic in character and lack functiona groups. All these
compounds, which are able to increase the permeability of the lipid bilayer to the
potassium ion, are uncharged [11].

CONCLUSIONS

The impedance due to ion transport consists of three elements: the resistance Ry,
characterizing ion flow through the membrane phase, and an interfacial barrier,
represented by C, and R,. The data presented in this paper clearly show the
decrease in the Ry, and Ry, resistances with increasing crown ether concentration
in the membrane and with increasing potassium ion concentration in the
electrolyte solution. The results confirm that it is possible to use
dibenzo[18]crown-6 as a phospholipid membrane modifier to increase
membrane permeability. It has a great importance in practice, because it permits
the creation of an artificial, physicochemical equivalent of biological transport
systems.

REFERENCES

1. Blasius, E and Janzen, K.P. Anaytica applications of crown compounds
and cryptands. in: Host Guest Complex Chemistry, (Akademie-Verlag,
Ed.), Berlin, 1982, 163-187.

2. Gokel, GW. and Durst, H.D. Crown ether chemistry: principles and
applications. Synthesis 168 (1975) 79-88.

3. Kafarski, P. and Legczak, B. in; Chemia Bioorganiczna, (PWN, Ed.),

Warszawa, 1994.

Lauger, P. Carrier-mediated ion transport. Science 178 (1972) 24-30.

Molisak-Totwinska, H., Wencdl, A. and Figaszewski, Z.A. Impedance of

polypropylene membranes hydrophelized with ethyl alcohol. J. Mac. Sci.,

Pure Appl. Chem. 8 (1997) 1413-1427.

S



CELLULAR & MOLECULAR BIOLOGY LETTERS 389

6.

10.

11

Naumowicz, M., Petelska, A.D. and Figaszewski, Z.A. Capacitance and
resistance of the bilayer lipid membrane formed of phosphatidylcholine and
cholesterol, Cell. Mal. Biol. Lett. 8 (2003) 5-18.

Benz, R., Frohlich, O., Lauger, O. and Montal, M. Electrica capacity of
black films and of lipid bilayers made from monolayers. Biochim. Biophys.
Acta. 374 (1975) 323-334.

Boukamp, B.A. in: Equivalent Circuit (Equivcrt. Pas), (University of
Twente, Ed.), 1988.

Steinem, C., Janshoff, A., Ulrich, W.P., Sieber, M. and Galla H.J.
Impedance analysis of supported lipid bilayer membranes. a scrunity of
different preparation techniques. Biochim. Biophys. Acta. 1279 (1996)
169-180.

Scibona, G., Scuppa, B., Fabiani, C. and Pizzichini, M. Non-isothermal
potential of phospholipid bilayer films. Influence of cholesterol and
macrocyclic carrier effects. Biochim. Biophys. Acta. 512 (1978) 41-53.
Tosteson, D.C. Effect of macrocyclic compounds on the ionic permeability
of artificial and natura membranes. Fed. Praoc. 27 (1968) 1269-1277.



