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Formacion de un Liposoma

Energéticamente desfavorable

Vesicula lipidica
l Bicapa plana de fosfolipidos con los bordes (L| posoma)

expuestos al agua
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Aplicacion: liberacion controlada
de quimicos encapsulados

Monitoreo: RMN,
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(trigger & control)

“The ideal scenario for targeted drug delivery would be to sequester the drug within a
container where it could remain until released in a spatially and temporally controlled
manner”, G. A. Husseini et al., J. Contr. Release 69, 43 (2000).



Estimulacion acustica

No invasivo

Baja atenuacion

Estimula la permeabilidad de
la membrana celular
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contenedor en la permeabilidad
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Proton Spin Relaxation Dispersion Studies of Phospholipid Membranes
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This paper presents measurements of the-proton spin T, relaxation dispersion of phospholipid membranes of 1,2-di-

m:,'ristu}']-m-gl;.rcernd-phnsphnchn]in'. er a very broad Larmor frequency range (100 Hz = w/2x = 300 MHz).

pEERTions in the I1te.r:|ture., collective molecular reortentations ( urder fluctuations)

contribute to the proton relaxation process only at extremely low frequencies in the kilohertz regime, whereas the conventional

hlgh frequ:n-:xr range is dominated by reorientation of individual molecules. The order fluctuations are observed by a characteristic

) ' dispersion at low frequencies for both the liquid crystalline and intermediate phases of the model membranes,
which is completely absent for the "crystalling™ gel phase and for sotropic liquid phases of DMPC molecules.

DMPC: 1,2-Dimyristoyl-sn-glycero-3-phosphocholine- 1:1 in D,0.

Multilamellar _



Following these arguments we present a quantitative evaluation
of the data of the liquid crystalline phase in terms of relaxation
by smectic order fluctuations of groups of molecules (relaxation
rate 1/7,'°"), 1112 internal and overall molecular rotations of
individual molecules (relaxation rate 1/T'™MRY) 33 [ateral diffusion
of molecules in the bilayer plane (relaxation rate 1/ 7T,TDP) 3%

and rranslationally induced rotations of molecules on curved bilayer

regions (relaxation rate 1/7,'T*} .47 This model] implies a cor-

* Order fluctuations (smectic)

» Translationally induced
rotations (diffusion on curved
surfce)

* 3 rotational terms (Lorentzian)

* Lateral diffusion (Vilfan’s for
smectic)
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* Interpretations based on available
‘ theoretical models

* Too many fitting parameters

* Model-free approach

' » Evidence-based interpretation.

Model refinement
when needed.

Simulation
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BENDING ELASTICITY AND THERMAL EXCITATIONS OF LIPID
BILAYER VESICLES: MODULATION BY SOLUTES
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Physics Depariment, Biophysics Group, Technische Universitit Miinchen,
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ARTICLE

Jonas Henriksen - Amy C. Rowat - John H. Ipsen

Vesicle fluctuation analysis of the effects of sterols
on membrane bending rigidity

The vesicles undergo undulations m shape which can be
observed using hght microscopy and subsequently

excitations of quasi-spherical vesicles are described in terms of a
spherical harmonics expansion (Y, (3, ¢)) of the middle surface separating the
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" Fig. Ja-c The membrane position in the focal plane is analysed.
a A 2Sqm diameter vesicle and the comesponding mace of the
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Viscoelastic dynamics of spherical composite vesicles
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PHYSICAL REVIEW E. VOLUME 64, 022002
Nuclear-spin relaxation induced by shape fluctuations in membrane vesicles

M. Vilfan."! G Althoff? I Vilfan! and G. Kothe’
J ofan Institute, Jamova 39, SE1000 Liubijana, Slovenia
*Department of Physical Chemistry, University of Freiburg, Albertstrasse. 21, D-79104 Freiburg, Germam)
(Recetved 31 March 2001; published 26 July 2001)

MNuclear-spin relaxation rates resulting from shape fluctuations of unilamellar quasispherical vesicles are
calculated. We show that in the kHz range these fluctuations vield—in contrast to previeus conclusions on
planar membranes — a relaxation rate proportional to the inverse Larmor frequency and provide direct infor-
mation on the bending ngidity of membranes.
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Fast motions

e vibrational fluctuations

 BPP processes e librations
* isomerizations
» Arrhenius behavior - fast rotational processes

* hydrocarbon chains fluctuations
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Lipid Dynamics and Domain Formation in Model Membranes
Composed of Ternary Mixtures of Unsaturated and Saturated
Phosphatidylcholines and Cholesterol
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Theory of spin relaxation by diffusion on curved surfaces

Bertil Halle
Physical Chemisiry I, Unfversity of Lund, Chemical Center, ¥, U, Box 124, 5-22100 Lund, Sweden

B. lzotrapic micellar solutions
In isotropic systems, where the tensorial spin-lattice departure from a Lorentzian l.ll&p';lEIlIJJ.l can be substantial

coupling is isotropically averaged by sufficiently fast mo already at p = 1.3. Fora prolate micelle, this corresponds to
tions, there is only one lab-frame spectral density function. an increase in the aggregation number by 309%. While
According to (3.6) changes in aggregation number of this order of magnitude

1 7o ,; can probably be determined by other technigues, such as

jﬂ(ﬂ,] = .,_Si - —

1
5 MY (wm)? s = fluorescence quenching®' and neutron scattering,* nuclear

spin relaxation appears to be a unique method for revealing
f dt cas(wtlexp( — 1 /7, )gm (1), (7.3) small deviations from spherical shape.

where the symmetric top correlation times 7., are related to
the rotational diffusion coefficients Dy and D, through
{3.5).

In the sphere limit, (3.5) and (5.14) show that (7.3}
reduces to the Lorentzian

ol I rn\.
Jlw)=— - (7.4
5 1+ (wr,)?’
with the joint correlation time 7, being related to the rota-
tional-diffusion correlation time 7., and the surface-diffu-
sion covrelation thne vy by

—-—l—i —1- (7.5)
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FIG. 7. Mormalized frequency dispersion of isotropic lopgitudinal relaxa-

tion rate due to surface diffusion on fresly rotating spheres {dazhed curves)
andd |_'.|:r|:_:-'|a.l|: :-p'l'u:l: wicks ol magal Lu.lJ'ulr..- = 1.3 {solid cuives ). The eotaticual
3160 J. Chern. Phys. 84 (4), 15 Fﬂhﬂ.JEH':u' 1891 correlation time is v, = 20 ns,
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Interpretation of Molecular Dynamics on Different Time Scales in Unilamellar Vesicles
Using Field-Cycling NMRE Relaxometry
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More on the motional state of lipid bilayer membranes: interpretation of
order parameters obtained from nuclear magnetic resonance experiments
Nils O. Petersen, and Sunney |. Chan
Biochemistry, 1977, 16 (12), 2657-2667 - DOI: 10.1021/bi00631a012

Kroon, 1976

) = 1079-2 X 10~105

However, the origins of these time scales were not fully un-
derstood at that time. We suggest now that the faster time
scale, 71, 18 assﬂ-clated with rotational isomerization whereas
s ts primarily the rate of chain
rearientation. For the bilayer systems under consideration here,

reflecting barriers .

polar headgroups alkyl chaing polar headgroups
+ water (fatty acid residues) + water

ig. 6. Schematic representation of the limited defect diffusion model used
r the description of motions in the hydrocarbon part of individual
olecules in lipid bilayers. x, is the instantaneous position of a structural
fect (kink, torsion). r is the position of the reference nucleus. and & is the
vidth of the diffusing structural “defect” [227-229],

[227] K. Kimmich, . Naturforsch 31a (1976) 693,

[22%] R. Kimmich, G. Voigt, Z. Naturforsch 33a (1978) 1294, Klnk dlffus'°"

[229] K. Kimmich, A. Peters, J. Magn. Reson. 19 (1973) 144,
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Relaxometria estimulada por sonicacion
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| — Interaccion sonido - director

Bonetto-Anoardo-Kimmich (2002)
Selinger-Spector-Greanya-Weslowski-Shenoy-Shashidhar (2002)
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Conclusiones

* La tecnica experimental empleda ofrece
la posibilidad de caracterizar liposomas
con diametros en el rango 50 — 200nm.

 Permite estudiar procesos de
interaccion acustica a baja potencia.



