J. Am. Chem. Soc. 1995, 117, 1435—1436 1435

Communications to the Editor

Light Microscopic Investigations of the
Autocatalytic Self-Reproduction of Giant Vesicles

Roger Wick, Peter Walde, and Pier Luigi Luisi*

ETH-Zentrum, Institut fiir Polymere
Universitatstrasse 6, CH-8092 Ziirich, Switzerland

Received September 16, 1994

In an attempt to create self-reproducing vesicles,' we have
recently described experiments in which the hydrolysis of oleic
acid esters™ or oleic anhydride” ¥ occurs within the boundary
of oleic acid/oleate vesicles, leading to an increase of the number
of vesicles. It is worthwhile to recall the experimental
configuration of the previous work, since basically it is the same
as here. We start with a biphasic system comprising a water
suspension of preformed oleic acid vesicles overlayed with a
droplet of neat, water-insoluble oleic anhydride. Under these
conditions, the anhydride hydrolysis reaction is catalyzed by
the vesicle bilayer. The rate of hydrolysis within the first 3 h
is increased, for example, by a factor of 30 in the presence of
20 mM oleic acid/oleate vesicles in comparison with the
hydrolysis in buffer alone.™® The reaction products (oleic acid
and oleate) are incorporated into the vesicles, and this in turn
leads to a growth of the vesicle size and number in an
exponential autocatalytic time process. Since this process takes
place within the boundary of the parent vesicles, it can be
defined as an autopoietic’ self-reproduction.’

Although we have shown that the hydrolysis of oleic
anhydride is catalyzed by oleic acid/oleate vesicles, the mecha-
nisms underlying vesicle self-reproduction could not be visual-
ized directly, as we were generally dealing with vesicles of 100—
200 nm diameters. Thus the experimental evidence for an
increase in number and/or size of vesicles during the hydrolysis
reaction resided mainly in electron microscopy. Since the
preparation of samples for electron microscopy is lengthy and
often cumbersome, we consider here giant vesicles which have
the advantage that the reproduction process and other possible
shape and size transformations can be observed directly under
the light microscope, without particular sample preparation. The
preparation and characterization of giant vesicles has been
described by several authors* ' for a variety of different
surfactant molecules. In the present work, we wish to directly
evidence the self-reproduction of oleic acid/oleate giant vesicles
(OGVs).
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Figure 1. Visualization by video-enhanced light microscopy (differential
interference contrast) of changes in size and number of oleic acid/oleate
giant vesicles (OGVs) during intralamellar oleic anhydride hydrolysis. (A)
OGVs in the absence of oleic anhydride at 25 °C. (B) OGVs during oleic
anhydride hydrolysis (6 h after addition of the anhydride at 25 °C). The
white scale bar represents 5 um. Ten micrographs were taken at different
places in the solution and analyzed for OGV size (>0.5 gm) and number
as shown on the right-hand side. In the case of vesicles containing another
vesicle i the interior (“inclosion vesicles ™). onby the outer vesicle is conmed.
The numbers of vesicles per micrograph (N) are also given. Inset: Scheme
of the experimental setup under the microscope, showing a cross-sectional
view of the microscopic slide.

Spontaneously formed OGVs (50 mM lipid) are prepared by
dispersing a thin film of sodium oleate in 0.2 M bicine (N,N-
bis[2-hydroxyethyl]glycine) buffer, pH 8.5, as described
before.”™!" This vesicle dispersion is further diluted 10 times
with buffer and analyzed by light microscopy (Zeiss Axioplan).
Among smaller vesicles, very large, spherical vesicles with
diameters up to 10—20 um are present.'> These vesicles remain
stable for several hours without undergoing shape transforma-
tions, even during a heating and cooling cycle control experi-
ment.

The situation changes completely upon addition of a drop of
oleic anhydride (3 uL. = 0.5 umol) to the vesicle suspension
(200 L. = 1 umol of lipid) under the microscope. A series of
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rather fascinating transformations can be observed by light
microscopy (Figure 1B, point 2), due to the catalytic hydrolysis
of the anhydride taking place at the boundary of the vesicles.
As shown schematically in the inset of Figure 1, the droplet is
in direct contact with the vesicle suspension. The anhydride
molecules are possibly transferred from the anhydride droplet
into the bilayer of the vesicles through collision processes in
which the vesicles are in transient contact with the anhydride
droplet. The anhydride molecules are then hydrolyzed within
the bilayer of the vesicles.'* After 6 h, the overall OGV mass
had increased by a factor of 9. The number and the size
distribution (Figure 1B) of the vesicles are significantly changed
(note also the presence of concentric intravesicular vesicles,
which we will refer to as “inclusion vesicles™): the number of
OGVs between 0.5 and 2 um decreases, whereas new popula-
tions of larger vesicles appear. This increase in OGV size could
be due to vesicle fusion. In our case, however, we have no
evidence that this takes place. Since the mean size of vesicles
increases with time, the self-reproduction of OGV has a special
connotation, as it does not correspond simply to an increase of
the population of a monodisperse species, as in the case of
micelles.'

Among all the different vesicle transformations observed,'’
here we limit ourselves to describe the major events which lead
to an increase of number and/or size of the vesicles. One of
these events is the transformation of some of the OGVs into
inclusion vesicles (Figure 1B, Figure 2A—C). This transforma-
tion occurs in about 20—40% of the OGVs, and it is most likely
due to the fact that some of the spontaneously formed vesicles
are not unilamellar but rather composed of more than one closely
packed bilayer.'"” The hydrolysis of externally added oleic
anhydride then occurs at the outermost layer, leading to a
swelling of this double layer, resulting eventually in the
formation of inclusion vesicles. In some cases the internal
vesicle adheres to the outer vesicle shell, from where it is
translocated within a few seconds across the bilayer of the outer
vesicle (Figure 2D—F), similarly to the process observed by
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Cryoelectron microscopic analysis is in progress in order to determine the
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Communications to the Editor

Figure 2. OGV transformations and two self-reproduction processes
following intralamellar oleic anhydride hydrolysis. (A-C) Formation of
“inclusion vesicles” (picture b was taken 2 h after A; C was taken 8 h after
B). (D—F) Vesicle “birthing” (picture E was taken 5 s after D; F was
taken 2 s after E). (G—1) Vesicle budding (picture H was taken 10 s after
G: | was taken 5 s after H). The scale bar represents 5 pm for all
micrographs. Other transformations include, for example, the formation
of ellipsoidal and tubular structures.'

Menger and Gabrielson.'”™ Another event observed is vesicle
budding (Figure 2G—1I), leading again to an increase of the
number of vesicles. In this case, the vesicle reproduction
mechanism involves the formation of a new vesicle out of the
membrane of an already existing vesicle (Figure 2H).

With respect to literature work which describes transforma-
tions of giant vesicles due to the mechanical addition of
surfactant to double chain lipids'™ or due to osmotic or
temperature-induced changes,”!™ the present work has three
salient novel features: (i) we are dealing with a chemical
reaction which yields the surfactant in situ, (ii) the reaction is
catalyzed by the vesicles themselves and (iii) the overall process
can be seen as an autopoietic self-reproduction.
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