contact sites between DNA and biomembranes.
We study the microstructure of aggregates prepared by DNA interaction with neutral phospholipids (dipalmitoyl-, dioleoyl-phosphatidylcholine) DPPC and DOPC in solutions of divalent metal cations (Ca2+, Mg2+, Zn2+). Highly
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The neutron scattering function
I(q) = N . |F(q)|2 . S(q)
(1)
N is the number density of particles,
F(q) is their form factor and S(q) is
the interparticle structure factor,
S(q)=1, for dilute and weakly interacting particles, q is the scattering vector.
For unilamellar vesicles, the bilayer is
represented by a strip model given by
(Kučerka et al., 2004):
3 Ri
sin(qr)
F(q) = 4π Σ∆ρi qr r2dr
i=1 R
i-1
where ∆ρi(r) is the SLD contrast and
∆di=Ri-Ri-1 is the thickness of the i-th
strip. The total lipid bilayer thickness
dL is then given by dL=2dH+dC, where
dH and dC are thicknesses of the polar

A small increase in Ca2+ concentration improved
the organization of DNA strands inside the Lx
phase, although broad DNA peak indicates a
poor organization of the DNA lattice. Heating
the aggregate, the LDPPC phase is “dissolved”.
The diffractogram of the aggregate at 37 °C
shows only the condensed lamellar Lc phase
(sandwich-like structure).

DNA+ DPPC+20 mM Zn2+ 5.2±0.2 0.57±0.04

0.83±0.01*

-

References: Kučerka N., Nagle J.F., Feller S.E., Balgavý P.: 2004.
Models to analyze small-angle neutron scattering from unilamellar
lipid vesicles. Phys. Rev. E 69, 0519031-0519039.

A small peak in the SANS curve of DNA+ DPPC+20
mM Zn2+ indicates the presence of organized structure
in the dispersion. Fitting of the curve, including the
structure factor S(q)=1+G(q), G(q) is Gaussian (Eq. 1)
revealed a phase with the periodicity d ~ 7.6 nm, identified as a minor volume fraction of DNA bounded to
the lipid bilayer.

*the center of Gaussian
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Liquid-crystalline phase

Neutral phospholipids and divalent
metal cations can compact DNA into
structures with morphologies similar to
those observed for DNA-lipid-cationic
surfactant aggregates, however, the
aggregates show higher structural
variety.

Conclusion:

Structural parameters are refined in
terms of an iterative model-fitting
approach that results in the bilayer
SLD profile. Experimentally obtained
scattering curves have been fitted with
those calculated theoretically using the
function minimization and error analysis program Minuit (CERN Program
Library entry D506).

Strip-function model of the lipid bilayer

Calf thymus DNA ~12 kbp

With increasing
temperature,
we can observe
an increase of
the width and
a decrease of
the intensity of
DNA peak.The
DNA peak
merges in the background when the samples
are heated up to 70 °C and above.

Structural parameters at 50 °C:

SANS data analysis

In the liquid – crystalline
phase, the DNA+DPPC+Zn2+
aggregates with DNA of
shorter fragments (salmon
sperm, 1~kbp) show no long
range organization in SAXD.
SANS curve shows scatter on
a polydisperse hollow sphere
– unilamellar vesicles.

head group region and hydrocarbon
part, respectively. In addition to dL,
the model includes the number of
water molecules nW located in the
head group of the lipid, and the surface area per 1 lipid molecule on lipidwater interface AL.

SANS at 50 °C (liquid – crystalline phase)

DNA : DPPC = 1 : 3 base/mol, 20 mM ZnCl2

DNA:DPPC=1:3 base/mol, 20 mM ZnCl2, DNA ~1kbp

Salmon sperm DNA ~1kbp

Gel phase

5.24 nm

DNA : DPPC = 1 : 3 base/mol, ~ 5 – 30 mM CaCl2, the condensed lamellar phase Lc

5.18 nm

20 °C

DNA : DPPC = 1 : 3 base/mol, 2 mM CaCl2

The coexistence of two phases in one aggregate can be explained by a lateral segregation of DNA and metal cations to minimize electrostatic energy of the whole system.

The L(1)PC and L(2)PC
reflections were identified
as reflections due to the
lipid bilayer stacking,
dPC ∼6.5 nm. The reflections
L(1)x and L(2)x correspond
to a lamellar phase with
DNA (dLx ∼8 nm). Packing
of DNA in this phase is
unknown.

DNA : DPPC = 1 : 3 base/mol, 1 mM CaCl2, 20 °C

Similar structure show also
DNA:DOPC = 1:1 base/mol
aggregates in the concentration
range 0–80 mM Ca2+ or Mg2+.

polymerised calf thymus (~12kbp) or salmon
sperm DNA (~1kbp) were used in experiments.
SAXD and WAXD experiments were performed
at the beamline A2 at HASYLAB, DESY
Hamburg. SANS experiments were done at
PAXE spectrometer, LLB CEA Saclay.

The structural variety of DNA-phospholipids-Ca 2+ aggregates:

In presence of metal cations, DNA aggregates
with electrostatically neutral phospholipids dispersed in the aqueous phase. These aggregates
can be used as nonviral vectors for transfer
and expression of DNA in cells. Structures of
aggregates are of interest also as models of
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