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Vesicle formation from a synthetic adenosine based lipid
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Abstract—We report the synthesis of a novel purine based amphiphile; di-oleyladenosinephosphocholine (DOAPC). Light micro-
scopy, TEM and QELS studies on DOAPC in aqueous media support the formation of lamellar systems. These investigations indi-
cate that the presence of adenine does not prohibit the formation of lamellar organizations. Stable small unilamellar vesicles can be

prepared by using extrusion techniques.
© 2005 Elsevier Ltd. All rights reserved.

Multiple noncovalent interactions including hydrogen
bonds, m-stacking, and salt bridges play a critical role
in the structure and function of many small molecules
and macromolecules. By mimicking and manipulating
these interactions, chemists have synthesized molecules
that self assemble into supramolecular architectures of
varied size, shape, and function.! For example, the fun-
damental information units of molecular recognition
found in nucleic acids have been inserted in amphiphile
structures to create hybrid molecules such as nucleoside
based lipids that form supramolecular assemblies in
aqueous solution.”? These molecules feature both the
molecular characteristics of nucleic acids and the com-
partmentalization capabilities of lipids. Within this fam-
ily, natural phosphocholine lipids possessing a uridine
head group have been recently reported.? Interestingly,
these amphiphiles spontaneously formed self-assemblies
including vesicles, fibers, hydrogels, and organogels. Be-
cause these pyrimidine based amphiphile exhibited
unique behaviors we have incorporated a purine moiety
in the zwitterionic phosphocholine amphiphile structure
to further elucidate the properties of these amphiphiles.
To compare the physico-chemical behavior of the ade-
nine and uridine derivatives, the oleyl chains were
selected as the hydrophobic segment since a liquid
lamellar phase was previously observed at room temper-
ature for the dioleyl uridine amphiphile.? In this study,
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we describe the synthesis and preliminary physico-chemi-
cal investigations of a purine nucleoamphiphile possess-
ing two oleyl fatty acid chains.

A nucleoside-phosphocholine amphiphile derived from
adenosine was synthesized following a four-step route
as shown in Scheme 1. The adenosine acetonide deriva-
tive 1 was reacted with an excess of chloro-oxo-dioxa-
phospholane in THF at 0 °C to afford the phosphate
nucleoside derivative 2. Note that this reaction was
selective to the 5’ primary hydroxyl.* The phosphoryl-
ated intermediate 2 was transferred to a pressure tube
and heated for one day with trimethylamine in aceto-
nitrile to give the 2’,3’-(isopropylidene)-5’-(phosphocho-
line)-adenosine 3. The 5’-phosphocholine intermediate
4 was obtained after cleavage of the isopropylidene pro-
tecting group. The oleyl fatty acids were coupled to 4.
Note that the synthesis of 5 was started from the ammo-
nium salt 4 without protecting the amino group belong-
ing to the nucleobase. The chain grafting reaction was
achieved in acidic conditions using an imidazole activa-
tion of the fatty acids.” Under these esterification condi-
tions the adenosine amino group was protonated, and
thus did not participate in the nucleophilic reactions.
This synthetic strategy used simple and abundant mate-
riaéls to afford the expected adenosine based amphiphiles
5.

The adenine-based zwitterionic amphiphile possessing
oleyl acid chains self-assembles into liposome-like aggre-
gates when dissolved in aqueous solutions. Similar
results were observed for the uridine analog (DOUPC).?
Supramolecular assemblies were obtained following
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Scheme 1. Synthesis of the dioleyl adenosine phosphocholine (DOAPC). (a) Chloro-oxo-dioxaphospholane, THF, 0 °C, 24 h; (b) trimethylamine,
acetonitrile, 75 °C, 24 h (yield for a) and (b): 87%; (c) APTS, MeOH, reflux 4 h (yield = 83%); (d) activated oleyl APTS, DMF (yield = 24%).

four different experimental procedures; (1) formation of
a thin film by evaporation under vacuum of an organic
solution containing the amphiphile (procedure A), (2)
hydration of the amphiphile directly on a glass slide
(procedure B), (3) sonication of an aqueous amphiphile
solution (procedure C), and (4) high-pressure extrusion
of an aqueous amphiphile solution (procedure D).
Depending on the polycarbonate filter size, this latter
technique (D) afforded unilamellar vesicle sizes from
30 nm to 5 pm.

Procedures A, B, C, and D can be used to obtain vesic-
ular systems, but heterogeneous multilamellar aggre-
gates are usually observed using the first three
conditions (Fig. 2a). For procedure A, a typical experi-
ment involves forming a thin film of phosphocholine
derivatives in 50 mL round-bottom flask by dissolving
3 mg of amphiphile 5 in 1 mL of chloroform and subse-
quently removing of solvent by rotoevaporation. A
phosphate buffer (Phosphate buffer 8.3 mM, pH 7.2) is
then added and the solution is stirred for 30 min at room
temperature. When DOAPC is hydrated directly on a
glass slide (procedure B), the hydration phenomenon
can be followed by light microscopy. As shown in Fig-
ure 1, vesicular organizations and/or lamellar systems
are observed for DOAPC. However, small differences
in behaviors are noted during the hydration phenomena
between DOAPC and DOUPC. The DOUPC samples
exhibit rather large vesicles and/or ‘worms’ like struc-
tures, which are slowly hydrated compared to the
DOAPC. It appears that the hydration phenomena is
faster for DOAPC than for DOUPC as a result of the
more hydrophilic character of the DOAPC head group.
The protonated amino group affects the hydrophilicity
of the polar head in this amphiphile (pKa adeno-
sine = 9.2). Typically, DOAPC first forms myelin like
organisations (Fig. la), which evolve quickly to giant
vesicles (Fig. 1b). Procedure C affords heterogeneous
unilamellar vesicles. In that case, aqueous solutions of
DOAPC are sonicated in a Branson 3200 cleaning bath
for 15 min. To prepare homogeneous populations of
small unilamellar vesicles the extrusion technique (pro-
cedure D) is employed. As shown in Figure 2, extruding
DOAPC through a 50 nm polycarcarbonate filter at
room temperature affords a vesicle population of 25—
65 nm in size with an average particle size of 45 nm as
determined by Transmission Electronic Microscopy

Figure 1. Light micrographs of hydrated DOAPC prepared using
procedure (B), (bar 14 um. Phosphate buffer 8.3 mM, pH 7.2).

experiments (TEM). This vesicle population is con-
firmed by QELS (Quasi Elastic Light Scattering) experi-
ments, which indicate the presence of vesicles in
solution having an average diameter () of 33 nm. After
1 h the vesicles composed of adenosine-based lipids are
slightly smaller than those prepared from uridine nucleo-
amphiphiles () =40 nm) under similar conditions.?
Likewise the stability of the DOAPC vesicles is similar
to DOUPC, with an average diameter of () = 65 nm after
7 days.

In summary, a convenient synthetic route involving
unprotected intermediates for the preparation of adeno-
sine-based amphiphiles is reported. This strategy should
extend to other fatty acids chain length including linear,
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