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Most of the current research on synthetic bilayer membrane 4 ©o1)  PoPA after preparation &
nucleic acid complexes (lipoplexes) is fostered by their potential o -« POPA after annealing
application in the biomedical field as nonviral vectors for gene, ]
antisense oligonucleotides, or si-RNA delivédThe vast majority
of synthetic nonviral vectors consists of cationic lipid assemblies
where nucleic acids bind to cationic liposomes because of the charge
interaction between the negative polyelectrolyte and the cationic
headgroup of the lipid. A large number of novel cationic lipids so
far considered have been designed and assayed in transfection
protocols?® Structural studies on these lipoplexes have shown that

I[a.u]

DNA is complexed into lamellar and inverted hexagonal lipid E . . ; :
phase<:8 The main drawback of this approach is the cytotoxicity, 01 02 q [A.?f 04 05
the immunogenic effects associated with some formulations, and

the possible binding to serum proteins, mostly negatively charged N TO0 rommpoy2:1 afterpreparstion 6
at physiological pH. Recent studies have exploited that divalent | /% . POPA:polyU 2:1 after annealing

cations can mediate the interaction between DNA and zwitterionic
natural phospholipids (i.e., lecithins) leading to the formation of
Ca-mediated lipoplexe< It is common knowledge that, without
divalent bridging, no interaction would occur between DNA and
neutral lipid assemblies. A novel approach relies on the design of
cationic or neutral lipids with nucleic functionalities to complex
and transfect nucleic acids.

More challenging is nucleic acids complexation by anionic self-
assemblied? One possible strategy relies on molecular recognition :
and is directly inspired from nature: in DNA or RNA, two like- 01 02 93 04 05
charaed ) . . q[A]

ged strands pair thanks to chemical selectivity that overcomes ] ) )
electrostatic repulsion. As a first step toward the engineering of Fgure 1. Small-angle X-ray diffraction spectra of pure POPA and mixtures
nucleic acid/nucleolipid complexes, we present in this study the of POPA/PolyU (2:1) bilayers.
evidence of the formation of an ordered lamellar phase of the type gmectic period of 57 A, higher than that found for the pure POPA
L, without any mediation from divalent cations, where polyuridylic bilayers (48 A).
acid (polyU, an RNA homopolymer), spontaneously orders in @  The most remarkable feature of this spectrum is the appearance
lamellar fluid phase formed by the anionic 1-palmitoyl-2-oleoyl-  f 5 proad peak between the first and the second lamellar Bragg
phosphatidyl-adenosine nucleolipid, POPA. This nucleolipid has reflections. This behavior has first been observed for DOTAP/
full biological compatibility and can be enzymatically cleaved by popc/DNA system$4 and has been attributed to spontaneous
phospholipasésonce in living organisms to release the polynucle- ordering of DNA in between the lamellae; the additional peak is
otide. due to the formation of a 1D lattice of polynucleotide chains, with

We have recently reported that polynucleotides bind to small g characteristic spacing in our case of 38 A. To support the
like-charged globular micelles formed by 1,2-dioctanoyl-phosphati- assignment of this broad peak, we have varied the lipid/polynucle-
dyl-adenosine, we report here the evidence that this behavior isotide mole ratio, as reported in Figure 2. The correlation distance
present even in very different suprastructures as bilayer membranesjecreases as the polynucleotide mole ratio is increased supporting
from long-chain derivative¥: that the reflection can be attributed to the ordering of single strands

Figure 1a shows the SAXD pattern of POPA bilayers swollen in between nucleolipid membranes, similarly to the “classical
with TRIS buffer (0.1M pH 7.5) to reach 50% w/w, corresponding lipoplexes”.
to 47% viv. The membrane is fully hydrated and in the liquid  However, our system substantially differs from conventional
crystalline phase at room temperature. If heated af&01 h and lipoplexes, where the driving force leading to the polynucleotide/
then cooled down to room temperature, the smectic period (48 A) membrane interaction is mainly of electrostatic nature. In our case
and line shape are fully recovered from the usual lamellar shrinkage the presence of like charges on membranes and on the polyelec-
owing to the temperature increasé*From the known lipid volume trolyte excludes the aspecific charge contribution. Considering that
fraction a membrane thicknessy, of 22.5 A can be evaluated. adenosine and uridine are complementary bases in RNA, a possible

Interestingly the addition of polyU, dissolved in the hydrating working hypothesis is the presence of molecular recogriftitn
buffer in a 1:2 ratio (on a monomer basis with respect to the lipid) between the bases decorating the anionic bilayer and the comple-
to swell the membrane, produces, upon the same thermal treatmenimentary bases on the strand that contribute to the formation of a
as for the pure POPA, a novel lamellar phase (Figure 1b) with a novel mesostructure. This is strengthened by the fact that the
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Figure 2. Comparison of SAXS spectra of POPA/polyU complexes at
different molar ratios. The arrows indicate the broad peak assigned to
polynucleotide ordering between the bilayers.
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Figure 3. FTIR spectra of POPA/polyU/TRIS buffer (50% w/w) after
preparation (black line) and POPA/polyU/TRIS buffer (50% w/w) after
annealing (gray line). £=O and G=O0 carbonyl stretching bands (sketched
lines) are the deconvolved bands by Gaussians.

addition of the noncomplementary polyA to POPA bilayers does
not produce structural evolution upon annealing (see Supporting
Information).

To infer direct evidence of the interactions between the comple-
mentary bases, we have performed FTIR spectroscopy on the
lamellar phase hosting the polynucleotide, Figure 3.

The assignments of the broad band between 1800 and 1600 cm
have been obtained by comparison with classical nucleic acid
literaturé®19 using a convolution of Gaussian absorptions (see
Supporting Information). The evolution of the ternary system during
the annealing procedure, which yields the structural transformation
observed with SAXD, can be illuminating. In the freshly prepared
sample, characteristic bands, due =0 and G=0O stretching
of the uridine moiety, can be noticed at 1660 and 16907¢m
respectively (black arrows Figure 3); after the annealing, these
bands, that are diagnostic for H-bonding with adenosine, shift to
1675 and 1712 cmi, that is, in the direction expected for the
formation of a WatsonrCrick pair (gray arrows in Figure 3).
Evidence of excess base stacking, due to insertion of polyU in the
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Figure 4. lllustrative cartoon for a possible polyU arrangement in a
nucleolipoplex. For the sake of clarity polyU is here represented as a rigid
rod.

The above finding opens up new perspectives in the fabrication
of lipid/nucleic acid complexes up to now obtained by favorable
columbic interactions or the presence of divalent cations. The proof
of principle that chemical design based on molecular recognition
can be the driving force for bioconjugate constructs establishes a
new paradigm with potentially important impact both in a biomedi-
cal field and in supramolecular chemistry.
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