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A self-sustained oscillation of electric potential across a
porous membrane impregnated with polyion complexes of ammonium
bilayers and an anionic polymer was observed. The oscillation
was associated with the phase transition of immobilized

multi-bilayers.

The excitation phenomenon of the biological membrane has attracted much
attention in relation to the reception machanism of the biological information and,

more broadly, in relation to the formation of dynamic (dissipative) structures in
2,3) During the past few decades, some model membranes
3-17) Among these, the
oscillation based on the bilayer structure is espgci;lig)important.8—17) Typical
12,

the non-equilibrium system.
giving self-oscillating phenomena have been proposed.

and porous polymer films

artificial systems are black lipid membranes (BLM)
9-11,14-16)

doped with lipid analogs such as dioleyl phosphate(DOPH).
Our current target in this field is to understand the basic principles of the
excitation phenomenon of bilayers at the molecular level and to apply them to .
development of novel excitable bilayers. Black lipid membranes are not very
suitable for this purpose because of their mechanical instability and the
corresponding difficulty in manipulation. DOPH is chemically unstable and is not
readily available as a pure material. It is essential to find new excitable
bilayer-forming materials. Synthetic bilayer membranes which were first discovered

8) appear to be highly suitable materials because of their

by Kunitake and Okahatal
19)

chemical stability and structural versatility.
communication the self-oscillation of immobilized synthetic bilayer membranes that

We demonstrate in this

is associated with the crystal-to-liquid crystal phase transition and occurs under
the salt concentration gradient.

Immobilized bilayer membranes were prepared from double-chain ammonium salts
* and 2C N+) and sodium poly(styrenesulfonate) (PSS ), as described

20) 18

(2C16N
These water-insoluble polyion complexes(ZCnN+-PSS_) maintain the

elsewhere.
fundamental bilayer characteristics. The compositions were determined by elemental
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analysis. Millipore membranes(Type, VSWP; pore size, 0.025 jum; thickness, 150 um)
were immersed in a CHCl3 solution of the polyion complexes for five minutes, and
dried. The amount of the complexes adsorbed was determined by weighing.

The impregnated Millipore membranes

were cut into small pieces and subjected to '—_(CHZ"CH )__
the DSC measurement (instrument, Seiko Denshi,

SSC 560). The phase transition (DSC peak top)

occurred at 46 °C(the transition range, 503_

38 - 53 °C) for the 2C18N+—PSS— complex +

immersed in 1 mM and 100 mM aqueous KC1, CH3\ N/CH3
and 29 °C(the transition range, 20 - 35 °C)

for the 2C16N+-PSS_ complex under the same (C}42%1_1 (C}12h1-1
conditions. These temperatures are essentially I

the same as those of simple aqueous dispersions C}43 Cf*3

1) These data indicate

of these bilayers.2
that the molecular organization of the 2CnN+ 2Cn N"'_PSS‘( n:16,18)
portion in Millipore membranes is very

similar to that of aqueous bilayers. Multi-

bilayer structures are most
plausible structures, as
illustrated in Fig. 1.

The doped Millipore
membrane were conditioned in
1 mM KCl solution overnight
and placed between two cells
which were equipped with a
pair of Ag-AgCl electrodes,
and electric potential was
measured. The details are
given elsewhere.14716)

The experimental apparatus

was immersed in a constant Millipore membrane

temperature bath(accuracy, Fig. 1. Schematic illustration of a

+ ) . . . . -
0.5 °C). Millipore membrane impregnated with 2CnN+—PSS .

The electric potential
across 1 mM and 100 mM
aqueous KCl which were separated by a Millipore membrane impregnated with the
2C18N+-PSS— (49/51, mol/mol) complex was measured at different temperatures.
Oscillation of the electrical potential was not observed at all at 20 °c, 25 °c and
30 °C. The oscillation became clearly noticeable at 35 °C, and was still
observable at 55 °C, but not so at 60 °C. A representative example is given in
Figure 2a. The period is several seconds and the amplitude is ca. 10 mV. The
oscillation is considerably faster than those of the DOPH-Millipore system.g'lO)
Similar oscillation was observed for a 2C16N+-PSS— Millipore membrane at 20 - 35 °C
and disappeared at temperatures above 40 °C. The temperature regions where the
oscillation is observed coincide with the respective phase transition ranges of the
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Fig. 2. Self-oscillation of electric potential

. +
in Millipore membrane impregnated with 2C18N -
pss™ (0.63 mg/cm?). a:35 °c, b:50 °C
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I electric resistance of 2C18N+—PSS—
L (0.31 mg/cmz) doped in Millipore
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multi-bilayer. This strongly suggested that the self-oscillation is related to the
coexistence of the crystalline and liquid-crystalline phases in the phase
transition region. Antonovl3) has also shown the importance of phase transition
phenomena for an appearance of current fluctuation under applied voltage in BLM
system. In some cases, we observed self-oscillation with much lower frequencies
(ca. 0.03 Hz) and with an amplitude of about 15 mV (Fig. 2b). At present, we do
not have a technique to selectively induce one type of the oscillations. In fact,
a similar situation is reported for porous membranes doped with monoolein.7)
The self-oscillation of the membrane electric potential is usually interpreted

on the basis of intermittent salt flow. Figure 3 illustrates temperature
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dependence of the electric resistance of the 2C18N+—PSS— impregnated membranes
which are placed between equimolar KCl solutions. The electric resistance was
estimated from the electric voltage across the membrane by imposing a week electric
dc current of 0.01 uA on the membrane. The semi-logarithmic plots are constructed
from two linear portibns. The electric resistane is high at temperatures below Tc’
and the breaks which coincides with Tc of the corresponding aqueous bilayer are
enhanced with increasing KCl concentrations: ca, 44 °Cc, 47 °c, 49 °cC and 55 °C at
1 mM, 10 mM, 100 mM and 300 mM(data not shown), respectively. These results
suggest that the physical state of the impregnated multi-bilayer at the two
surfaces is made different due to contact with aqueous KCl of different
concentrations. The salt effect would be particularly large in the phase
transition region where the two phases coexist, and this may lead to the
intermittent salt flow.

In conclusion, the self-sustained oscillation of electric potential, i.e., a
typical, non-linear and non-equilibrium phenomenon, arised from the coupling of
salt flow and the membrane phase transition. The present finding is the first
example of self-oscillation of physically and chemically stable synthetic multi-
bilayers. The use of the synthetic bilayer membranes will open the door to the

design of novel excitable bilayers.
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