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Triple-chain lipids with two sugar head groups spontaneous-
ly formed the giant vesicles in aqueous media, and their mor-
phologies were remarkably affected by the structure of the sugar
head group as well as the incubation temperature.

One of the most interesting areas in supramolecular chemis-
try is the construction of bilayer assemblies with a variety of
morphologies, including spheres, tubules, and helical struc-
tures.1 In particular, studies on closed bilayer assembles with
sizes of 1–100mm, so-called ‘‘giant vesicles,’’ have attracted
much attention in recent years.2 Giant vesicles are useful models
and tools for studies on cell membrane structures and function,
since their large size allows not only the direct observation of
their dynamic features by optical microscopy, but also easy mod-
ification by micromanipulation. They have also been used as mi-
croreactors into which various reagents, substrates, proteins, and
nucleic acids can be microinjected.3 Although there have been
numerous reports on giant vesicle morphologies and their trans-
formation,4 most of the work has been carried out by limited
kinds of double-chain lipids, such as dioleylphosphatidylcholine
(DOPC).4e–4g In particular, giant vesicles formed with triple-
chain lipids are rarely mentioned, although such giant vesicles
can be expected to show unique morphologies and profiles based
on the closer packing of their hydrophobic chains in the vesicle
membrane.5 In this letter, we report for the first time the forma-
tion of giant vesicles from triple-chain lipids with two sugar head
groups and their morphological changes as affected by the incu-
bation temperature.

We chose compounds 1a and 1b with three octadecyl chains
and two sugar head groups (Figure 1) as triple-chain lipids. Here,
the two sugar head groups can give the triple-chain molecule
enough hydrophilicity for the spontaneous formation of the giant

vesicles in aqueous media. These two sugar head groups may al-
so provide useful information about the effects of intramolecular
hydrogen bonding between the sugar head groups on the mor-
phology of the giant vesicles. Compounds 1a and 1b were pre-
pared in nine steps from 1-O-octadecylglycerol as a starting ma-
terial, via an intermediate compound with three octadecyl chains
and two methoxycarbonyl groups.6 The structures of compounds
1a and 1b were characterized by 1HNMR, mass, and IR spectra.
The gel-to-liquid crystalline phase-transition temperatures of the
hydrated lipids 1a and 1b were estimated to be 56.1 and 56.2 �C
by DSC measurements, respectively. A typical procedure for the
preparation of the micrometer-sized assemblies from 1a and 1b
is as follows: a methanol–chloroform (1:1) solution of lipid 1a or
1b (2:5� 10�4 M in 1mL) in a test tube was slowly evaporated
in vacuo at ambient temperature. Thin lipid films were obtained
after drying in vacuo overnight, and water (1mL) including
sucrose7 (100mM) and MgCl2

8 (1mM) was added.
After an incubation for 2 h at 70 �C, which is approximately

14 �C higher than the phase-transition temperatures, the mixture
was cooled down to ambient temperature. Figure 2 shows phase-
contrast microscopic images of the assemblies formed with lip-
ids 1a and 1b. Both 1a and 1b mainly formed spherical giant
vesicles with an average diameter of 10mm. The formation of
the giant vesicles from 1a and 1b was also confirmed by the
encapsulation of the water-soluble fluorescent probe, calcein,
into the interior of the assemblies. Figure 3 shows fluorescence
microscopic images of the assemblies formed with 1a and 1b.
These assemblies were prepared in the presence of calcein,
and then the fluorescence due to calcein in the bulk phase of
the assemblies was quenched by the addition of CoCl2 through
Co2þ-calcein complexation.9 The images clearly indicate that
assemblies formed with 1a and 1b have an internal aqueous
phase which can trap the calcein. On the other hand, the corre-
sponding double-chain lipids with one sugar head groups 2a
and 2b (Figure 1), which were synthesized for comparison,
did not spontaneously form the giant vesicles under the same
conditions. These results demonstrate that the molecular shape
and amphiphilicity of 1a and 1b are suitable for the spontaneous
formation of giant vesicles.

Interestingly, when the incubation temperature was decreas-
ed to 57 �C, which is slightly higher than the phase-transition
temperatures of hydrated 1a and 1b, a remarkable difference
in the morphology between 1a and 1b was observed: 1a formed
pearl-on-string assemblies4f together with the spherical giant
vesicles, but 1b formed tube-like assemblies as well as the spher-
ical giant vesicles (Figure 4). Here, the average diameters of the
spherical giant vesicles formed with 1b (3mm) were smaller than
those of the spherical giant vesicles from 1a (10 mm). This result
suggests that the curvatures of the former vesicle membranes are
higher than those of the latter.
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Figure 1. Structures of triple-chain lipids 1a and 1b and
double-chain lipids 2a and 2b.
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An increase in incubation temperature over the range of 57
to 70 �C decreased the ratio of the pearl-on-string assemblies to
the spherical vesicles for 1a and the ratio of the tube-like assem-
blies to the spherical vesicles for 1b. At the same time, the aver-
age diameter of the spherical vesicles formed with 1b increased
with an increase in the incubation temperature, whereas that of
the spherical vesicles from 1a barely changed. Eventually, the
incubations of 1a and 1b at 70 �C generated almost the same
assemblies in shape and size, spherical giant vesicles with an
average diameter of 10mm. These findings may suggest that in-
tra- or inter-molecular hydrogen bonding between the sugar head
groups in the triple-chain lipid affects the morphology of the
micrometer-sized assemblies. Incubations at 70 �C may cause
the cleavage of the intra- or inter-molecular hydrogen bonding
between the sugar head groups of both 1a and 1b, thus canceling

the original difference in the effective cross-sectional area of the
hydrophilic part in the vesicle membrane between those com-
pounds. Detailed studies on the mode and temperature depend-
ence of intra- or inter-molecular hydrogen bonding between
the sugar head groups of 1a and 1b are now under investigation.

In conclusion, we have demonstrated that triple-chain lipids
bearing two sugar head groups spontaneously formed giant vesi-
cle in water including sucrose and MgCl2. The morphology of
such vesicles was found to be remarkably affected by the struc-
ture of the sugar head group in the constituent lipid as well as the
incubation temperature. Work is currently in progress to gain
further insight into the factors that control the morphology of
these bilayer assemblies by changing the alkyl chain length
and sugar head group structure.
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Figure 3. Fluorescence microscopic images of assemblies
formed with (A) 1a and (B) 1b incubated at 70 �C in water
including calceine (0.1mM), sucrose (100mM), and MgCl2
(1mM).
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Figure 4. Phase-contrast microscopic images of assemblies
formed with (A) 1a and (B) 1b incubated at 57 �C in water
including sucrose (100mM) and MgCl2 (1mM).

50 µm

B

50 µm

A

Figure 2. Phase-contrast microscopic images of assemblies
formed with (A) 1a and (B) 1b incubated at 70 �C in water
including sucrose (100mM) and MgCl2 (1mM).

Chemistry Letters Vol.35, No.1 (2006) 113

Published on the web (Advance View) December 21, 2005; DOI 10.1246/cl.2006.112


