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Optical and electron microscopies showed dynamic
morphological changes of the aqueous bilayer aggregate
of dialkylammonium salts among large vesicles, fibers
and small vesicles.

Simple dialkylammonium amphiphiles such as 2CnN+2Cl and 2C12N+C20H-R have been
shown to produce vesicular(diameter, a few hundred to a few thousand i) and lamellar
aggregates of the bilayer membrane in dilute aqueous solution.2r3) Subsequent
studies proved that the physicochemical characteristics of these bilayers are
intrinsically the same as those of the biolipid bilayer.

Recently, direct observations by optical microscopy were reported for static
and dynamic morphological variations of lecithin liposomes.4—8) These changes
are closely related to the function of biological membranes such as cell fusion
and fission. It would be extremely interesting if analogous morphological changes
are observable for simple, synthetic bilayers. In this communication we describe
morphological transformations of dialkylammonium bilayer aggregates as examined by
optical and electron microscopes. The static, light-microscopic observation of

lamellar mesophases(vesicle and tubule) was reported by Bacon et al. for a mixture

of dodecylammonium chloride and didodecyldimethylammonium chloride.g)
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2C12N+2Cl(l mg) was added to 1 ml of distilled water, allowed to swell and then
shaken gently by hand. A transparent dispersion thus obtained was placed on a slide
glass and observed at room temperature(20 - 25°C) by a dark-field light microscope
(Olympus BH-2). As shown in Fig. 1, the aggregate morphology is remarkably variable.
There are flexible fibers extending over a distance of several to several hundred
um(a), large tubules(b), spherical vesicles of diameter of 0.5 - 10 km(c), vesicles
connected to tubules(d), twisted vesicles(e), tubules protruding from vesicles(f),

and concave vesicles(g). Smaller particles are seen as dots. The Brownian motion
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is clearly noticeable for fibers and vesicles. These morphologies @o not change
significantly at 50°C(the crystal-to-liquid crystal phase transition temperature,
Te, of 2C12
ently by Kachar et al.
The dynamic aspect was recorded on a video tape by using an ultra-sensitive
TV camera(Ikegami CTC-9000).12)
transformation recorded. In the case of a tubule attached to a vesicle(Fig. 2a),

the tubule is elongated while the vesicle shrinks. A vesicle with protuberance

N+ch is below 10“C).10) A similar observation has been made independ-
11)

Figure 2 illustrates examples of the dynamic

is converted to a round vesicle via a rugged intermediate(Fig. 2b). A third
example (Fig. 2c) includes transformation between a tadpole and a tripod. These
conversions occur instantaneously or within a few seconds.

Morphological changes at the finer scale could be elucidated by electron
microscopy. Figure 3 shows electron micrographs(instrument, Hitachi H-600) of a
freeze fracture replica(Eiko Engineering, freeze specimen processing device FD-2A)
of aqueous 2C12N+2Cl obtained by gentle shaking. In Fig. 3a, vesicles(diameter,
0.2-1 ym) and fibrous aggregates(length, several tens to hundreds of um) are found
in agreement with the optical microscopic result of Fig. 1. Many of the flexible
fibers are attached to vesicles at one end. At the other end the fiber simply
terminates or appears to disintegrate into small particles. The particles with
diameter of less than 500 A are scattered all over the view field. Figure 3b
is an enlarged micrograph of the sample. A tubule(diameter, 2000 i) branches into
smaller tubules and fibers. Figure 3c is probably the final stage and the mode
of disintegration is recorded surprisingly well. Smooth fibers are transformed
into trains of particles(diameter, 300 - 400 i) which gradually separate from each
other.

When 2C,,N'2C) and 2
temperatures below T (Te = 14 °C for 2C14N+2Cl bilayer and 28 °C for 2C16N+2Cl
bilayer),lo)
optical microscopy. When the temperature was raised beyond T, or when the initial

N+2Cl were dispersed in water by gentle shaking at
microcrystalline dispersions(size, several tens of um) were found by

dispersion was performed at T >T., vesicles(diameter, 0.5 - 10 um) were formed
overwhelmingly and fibrous aggregates, if formed, were shorter(several tens of ym).
Dialkylammonium amphiphiles with the hydroxyethyl group at the head,zclzN+ C20H°R,
were dispersed in water(30°C) by gentle shaking. They produced mostly vesicles
(diameter, a few um) at room temperature and these morphologies did not change
at 50°C (T, : below 10°C).

Dynamic morphological changes described in this study possess remarkable
similarities to those observed in the phospholipid system. This suggests that
these morphological properties are widely observable for bilayer-forming compounds,
both natural and synthetic. The present results provide a new vista in the
field of the synthetic bilayer membrane.
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Fig. 1. Dark-field optical micrograph of aqueous
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dispersion of 2C12N 2C1.
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Fig. 2. Schematic illustrations of morphological transformation.
The relative sizes are the same as those observed on
a video monitor.
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Fig. 3. Electron micrographs of feeze fracture replicas of aqueous

dispersion of 2C12N+2Cl. Scale bar, 0.5 um.
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