Formation of giant vesicles from diacylmannosylerythritols, and their binding

to concanavalin At
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The structures of diacylmannosylerythritols, MEL-A, -B and
-C, are determined; these microbial glycolipid biosurfactants
efficiently self-assemble in water to form giant vesicles,
which show excellent binding affinity towards the mannose-
binding protein, concanavalin A.

The ' diacyl-mannosylerythritol’ lipids (MELSs) arevery promis-
ing ‘biosurfactants',* owing to their attractive properties (e.g.
easy production conditions, low toxicity, biodegradability,
biological activity) compared to most synthetic surfactants.
MELSs are abundantly produced by the yeast strain Candida
antarctica T-34,22 and mainly consist of three components:
MEL-A, -B and -C.2> These yeast glycolipids show not only
excellent surface-activity2c but also remarkable cell differ-
entiation and growth inhibition activities against human
leukemia2d and mouse melanoma cells.2e On the other hand,
glycolipids have received much attention as leading materials
for drug-carrying microcapsules and artificia cells,3 owing to
their stabilizing effect on liposomes.# Finally, glycolipids aso
carry out vital functionsin biomembranes, e.g. cell recognition,
histocompatibility, antigenicity, and are of particular interest in
studying surface recognition processes.4c.5

Here we report the complete structural characterization of the
MEL glycolipids(MEL-A, -B and -C). We also describe, for the
first time the spontaneous formation of giant vesicles from each
of these glycolipids; finally, we show that these giant vesicles
show an excellent binding affinity towards a mannose-binding
protein, concanavalin A (Con A).

Thethree MEL s consist of 4-O-[[3-p-mannopyranosyl] meso-
erythritol, esterified by two medium-chain fatty acids (Cg to
Cy2) and one or two acetic acids; the individua esterified
positions, however, remained to be determined precisely.2?
Further structural characterization of the MELswasthus carried
out. The mixture of MELs was obtained as reported pre-
viously,22 and purified by silica-gel column chromatography
with modifications of the elution conditions.

The esterified positions of the individual acetyl and acyl
groups on the mannosy! back-bone were determined by 1H and
13C 2D NMR (CDCl3, 500 MHz) (Fig. 1). HMBC (hetero-
nuclear multiple bond connectivity) long-range correlations
(3Jc_) between the carbony! carbons of the acyl groups and H-
2’ and H-3’ of mannose wereclearly observed onall theMEL s,
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Flg. 1 Structure of diacylmannosylerythritols.

T Electronic supplementary information (ESI): preparation, optical micro-
scopy details and NMR data for MELSs. See http://www.rsc.org/suppdata/
cc/b0/b000968g/
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indicating that the fatty acids are linked to the hydroxy groups
at C-2’ and C-3’ of mannose. 3Jc_ correlations between the
acetyl carbons (dco 169.6 and 170.9) and the mannose protons
(0. 524 and On.e 4.23), respectively, were observed
exclusively on MEL-A, which was thus shown to be 4-O-
[(4,6'-di-O-acetyl-2’,3'-di-O-a kanoy!)-[3-p-mannopyranosyl]
meso-erythritol. On the other hand, a3Jc_ correlation between
the acetyl carbon (6co 171.8) and H-6" (6 4.44) was observed
with MEL-B, while a correlation between the acetyl carbon
(6co 170.1) and H-4’ ( 5.16) was observed only with MEL-C.
From these results, MEL-B and -C were shown to be 4-O-[(6'-
O-acetyl-2’,3'-di-O-a kanoyl)-f-p-mannopyranosyl] meso-ery-
thritol and 4-O-[(4’-O-acetyl-2’,3'-di-O-alkanoyl)-B-p-manno-
pyranosyl] meso-erythritol, respectively. It was a so confirmed
that none of the three hydroxy groupsin the erythritol moiety is
esterified in any of the MELSs.

Membrane-forming properties of these MELs were then
examined by phase contrast microscopy. All the MELSs, when
dispersed in water (pH 7.0) at 25 °C, spontaneously formed
giant vesicles.§ Unilamellar vesicles of diameter larger than 10
um were observed, beside multilamellar structures and tubules.
Vesicle formation was confirmed by fluorescence microscopy,
after addition of the lipophilic fluorescent probe Nile Red to the
pre-formed vesicles (5 mol% to MEL) (Fig. 2). Some synthetic
and natural glycolipids bearing a disaccharide or larger
hydrophilic head group have been reported to form by
themselves vesicular systems;3 however, with the only excep-
tion of rhamnolipids,3e microbial glycolipids do not appear to
have been reported to do the same.

Formation of giant vesicles should lead to surfaces covered
by the multiantennary mannopyranoside residues, which could
act as high affinity receptors for mannose-binding proteins. We
therefore investigated the interaction between these giant
vesicles and concavalin A. Succinyl Con A% labeled with a
fluorescence probe (FITC), was dissolved in a phosphate buffer

Fig. 2 Phase contrast (left) and fluorescence (right) microscope images of
MEL-C giant vesicles stained with Nile Red. The bar represents 10 um.
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Fig. 3 Phase contrast (left) and fluorescence (right) microscope images of
MEL-B giant vesicles coated with FITC-labeled concanavalin A. The bar
represents 10 um.

(pH 7.0) and added to the pre-formed vesicles, and were
observed under fluorescence microscope. With MEL-B and -C
vesicles, aclear fluorescent ring was observed around the outer
edge of the vesicle. Thisclearly indicates the recognition by the
fluorescence labeled Con A of the mannose residues of the
glycolipid head-groups that are located on the vesicular surface
(Fig. 3). The coating, asjudged by the abundance of fluorescent
vesicles, appeared to be efficient on the giant vesiclesof MEL-B
and -C; however, no clear coating was observed on those made
of MEL-A.

Interactions of Con A with disk-like assemblies?c or small
vesicless of synthetic glycolipids have been previousy re-
ported. However, these small lipidic assemblies showed a
tendency to aggregate and precipitate when treated with Con A,
presumably due to interactions of one ConA molecule with
severd lipidic systems.57 In the case of giant vesicles of MEL-
B and -C, coating of the outer surface was not accompanied by
aggregation and precipitation : the giant vesicles presumably
provideavery large surfacerel ative to the molecular size of Con
A, which probably impedes the binding of the lectin to more
than one vesicle at the sametime, and thus aggregation does not
occur.

In addition, most of the carbohydrate—receptor interactions
observed are weak,8 and in order to compensate for this low
binding affinity, different strategies based on multivalent
interactions have been designed, including carbohydrate clus-
ters, glycopolymers and glycodendrimers.5c® Our work de-
scribes yet another way of enhancing the interaction between a
receptor (Con A) and a carbohydrate moiety (mannose), which
is based on the spontaneous self-assembly of the glycolipids
onto vesicles, thereby generating a multivalent surface. It
should be noted that only the giant vesicles prepared from MEL -
B and -C, both of which carry afree OH at C-4’ or C-6’, bind
efficiently with Con A. There must therefore be a specific mode
of binding, like multivalent interactions, on the vesicular
surface, because Con A mainly recognizes and binds to the
hydroxy groups at C-3’, C-4’ and C-6’ in p-mannose or p-
glucose.10

We thank Dr R. Graf for NMR experiments, and Drs K.
Haraya and H. Y anagishita, National Institute of Materials and
Chemical Research, Japan, for helpful discussions.
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Notes and references

1 The following correlations (3Jc_) were observed between the carbonyl
carbon of acyl groups and mannose protons: MEL-A, (8co 173.8 and 8.
5.51) and (6co 172.9 and -3 5.06); MEL-B, (8co 173.8 and . 5.49)
and (5(;0 173.7 and 6.3 491), MEL-C, (5(;0 173.6 and 6. 550) and (500
172.8 and 9.3 5.09).

§ A typical procedure was as follows: MEL (10 mg) was dissolved in 1 mL
of a2:1 mixture of chloroform and methanol. An aliquot (5-10 uL) of the
solution was dropped on a glass microscope slide with a well of 15 mm
diameter. After 10 min drying (argon flow), 0.5 mL of water or abuffer (137
mM NaCl, 2.7 mM KCI, 4.3 mM Na,HPOy,, 1.4 mM KH,PO,, pH 6.98) was
added to the film, and the slide was incubated for 30 min at 25 °C to alow
lipid hydration. Optical (phase contrast) and fluorescence microscopies
were carried out according to the procedures described in ref. 11.

This showed unilamellar and multilamellar vesicles (diameter > 10 um)
as well as tubules. This was confirmed by the fluorescence observed after
addition of Nile Red (5 mol%/MEL) to the pre-formed vesicle suspen-
sion.

The vesicles observed retained their structures at room temperature for at
least 2 days.
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