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The study of interaction of cell membranes with artifical membranes can help to solve
many problems. These include the processes of endo- and exocytosis, secretion, fertiliza-
tion, cell division, fusion of lysosomes and their formation de novo, and so on. Adhesion
and fusion of membrane systems are problems with a direct bearing on lysosome therapy, and
on some developments in biotechnology and genetic engineering.

This paper describes an investigation of interaction between flat lipid membranes (FLM)
and the plasma membrane (PM) fraction of smooth-muscle cells of the rabbit small intestine
in connection with the development of a method of forming a functionally active PM~FLM com-
plex.

EXPERIMENTAL METHOD

The PM fraction was isolated from smooth-muscle tissue of the rabbit small intestine
by differential centrifugation in a sucrose density gradient and was characterized biochemi~
cally and by an electron-microscopic method [5]. The ATPase activity of PM was recorded by
a potentiometric method based on the increase in the number of protons in a weakly buffered
medium [4] and on the quantity of incrganic phosphate formed as a result of ATP hydrolysis
[9]. Total bovine brain phospholipids, isolated by the method in [10], azolectin (from
Sigma, USA), and egg phosphatidylcholine were used as lipids. Liposomes were obtained by
sonication of aqueous dispersions of lipids by measn of an ultrasonic disperser [7]. 1In
some cases liposomes were obtained by repeated freezing and thawing of a suspension of lipids
in aqueous buffer. The morphological state of the liposomal suspensions was determined by
electron-microscopic analysis by a negative staining technique, using 17 ammonium molybdate
or uranyl acetate solution as the contrasting agent [11]. FLM were obtained by the usual
method [12] on holes in a Teflon beaker. The resistance and electrical capacity of the mem-
branes were measured by an apparatus based on the K 284 UD 1A integrated microcircuit, ac-
cording to the principle described previously [3, 13]. Solutions of electrolyte in both
compartments of the measuring cell were mixed by means of a magnetic mixer, and the pH of
the solution was monitored by means of a pH-electrode of the ESL-13-11 type.

EXPERIMENTAL RESULTS

Investigation of the sensitivity of FLM formed from the total fraction of bovine brain
phospholipids or azolectin in heptane to addition of the PM fraction did not succeed in dem-
onstrating significant changes in the electrical properties of the artificial membrane.

The experiments were done under sparing conditions, and for that reason, of the total number
of factors promoting interaction between the membrane surfaces, only two were used. The PM
suspension was kept in solutious with sucrose or glycerin, and for that reason the vesicles
of the membrane in hypotonic mediu~ were under osmotic pressure. Millimolar CaCl, concen-
trations were used as the second factor. Since the predominant components of the lipid mix-
tures used were acid and neutral lipids, it can be concluded that the surface of FLM has a
resultant negative charge. Negative charges also predominate [6] on the surface of cell mem-
branes, and this does not favor their integration with FLM. We attempted to change the sur-
face charge of FLM, by using the cationic detergent cetyltrimethylammonium (CTA). The de-~
tergent is readily adsorbed on the membrane surface, and in concentrations of above :107¢ M
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Fig. 1. Current-voltage characteristic curve of FLM, treated
with proteoliposomes. Abscissa, strength of current (in pA);
ordinate, voltage (in mV). Voltage scanning speed 0.2 mV/sec.
Medium: 100 mM NaCl, 2 mM imidazole-HCl, pH 7.2.
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Fig. 2. Traces of fluctuation of FLM current, modified by pro-
teoliposomes after unmodified FLM; 2) fluctuations of current
after application of proteoliposomes; 3) fluctuations of current
after addition of MgCl, and ATP; 4-7) fluctuations of current
after addition of 0.1 and 1 mM CaCl, respectively; 8) positive
and negative voltage on FLM in the presence of CaCl,. 1-6, 8) 1
pA; 7) 2 pA. Voltage on membrane 50 mV, Medium: 100 mM NaCl,

2 mM imidazole-HC1l, pH 7.2.

it leads to the appearance of discrete fluctuations of conductance and to reduction of the
barrier properties of FLM [2].

Addition of CTA up to 1.5 uM on one side of PLM did not change the resistance of the
membrane, whereas on addition of the PM fraction (final concentration 30 ug protein/ml)
lowered the resistance by 50-67% and, at the same time, led to the appearance of stepwise
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Fig. 3. Fluctuations of current of FLM modified by
protecliposomes. Medium: 100 mM Kcl, 2 mM imidazole-
HCl, pH 7.2.

fluctuations of current. These changes are evidence of modification of PLM by material of
PM, After addition of CaCl, (up to 1 mM) the conductance of PLM rose sharply in the presence
of a positive voltage on the cis-side, evidence of the predominantly cationic selectivity of
the artificial membrane.

More abrupt changes in the electrical characteristics of FLM were recorded after addi-~
tion of a suspension of PM, incubated beforehand with azolectin liposomes, to the measuring
cell, Azolectin liposomes themselves also lead to a fall in resistance of FLM. Usually the
resistance of the bilayer was reduced by several times, but the absence of an external vol-
tage can relax it to the original level. The current-voltage characteristic of FLM modified
by azolectin liposomes is symmetrical and linear. To modify FLM by the PM fraction, we used
mixtures of azolectin liposomes and PM vesicles (conventionally described as proteolipo-
somes), in the proportions most favorable for manifestation of ATPase activity by the latter
[3]. A decrease in the over-all resistance of FLM and modification of the current curves
were observed 5-15 min after the addition of proteoliposomes (up to 30 ug protein/ml) to the
measuring cell. The latter curve initially showed weak fluctuations, but with time the con-
ductance of FLM changed stepwise. The current-voltage characteristic of such an FLM was non-
linear (Fig. 1) and the membrane lost its resistance at voltages of 80 mV or more. Removal
of the external voltage as a rule led to damping of the fluctuations of current and to sta-
bilization of the membrane.

The character of changes in the conductance of FLM in the presence of proteoliposomes
depended on the composition of electrolytes in the medium (Fig. 2). Weak fluctuations of
current were virtually unchanged after addition of MgCl, (up to 2 mM) to the cell, but their
frequency and amplitude rose sharply after addition of 3 mM ATP, and after a few minutes ex-
citation disappeared. Small doses of CaCl, (0.1 mM) did not stimulate the appearance of the
current (Fig. 2, 4), but addition of 1 mM CaCl, caused several short jumps of conductance,
followed by a general decrease of resistance and the development of fluctuations of consider-
able amplitude (Fig. 2, 5, 6). These changes, characterized by decay (Fig. 2, 7), could be
prevented by subsequent addition of CaCls.

Considering that the same additions to the medium surrounding the unmodified FLM did
not lead to the appearance of fluctuations of current, and the control curve was similar in
appearance to the curve of the current through the original FLM, it can be concluded that
the material of the proteoliposomes penetrated into the lipid bilayer and definitely changed

its properties.

In potassium medium FLM whose conductance curves are shown in Fig. 3 were formed with
the aid of proteoliposomes. As Fig. 3 shows, with a positive voltage on FLM (+ on the side
of addition) fluctuations of conductance became regular, whereas if the voltage was negative
fluctuations were absent.

The asymmetry of FLM and the character of the current curve are evidence that permeab-
ility of the proteoliposome-modified lipid membrane is regulated by structures of channel
type, capable of being in open and closed states. The life span of such a structure in the
open state (determined from the duration of the conductance jump) did not exceed 25 sec.
Current fluctuations due to a positive voltage only were abolished after addition of tetra-
ethylammonium (TEA) in a concentration of 1 mM on the cis-side, when a smooth fall of resis~

1456



tance and often rupture of the membrane were observed. TEA is a specific blocker of K-
channels of excitable membranes in a cell-free system [1] and of anionic channels formed
in lipid bilavers by polyenic antibiotics [8). With this in mind, it can be postulated
that in the present experiments the K-conducting structure of PM of smooth-muscle cells of
the rabbit small intestine is restored in FLM.

Incorporation of PM vesicles and restoration of some properties in FLM can thus be
achieved by pretreating biological membranes with azolectin.l
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