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1D potential well describes the interaction of amphipathic peptides 
mediated by membrane elastic deformations 
O. Kondrashov, T. Galimzyanov, O. Batishchev, S. Akimov. 
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry, Russian 
Academy of Sciences, Moscow, Russian Federation. 
Amphipathic alpha-helical peptides are considered as effective antimicrobial 
agents. In such peptides one side-surface of the helix is enriched by hydrophobic 
aminoacids, while polar or charged amonoacids are exposed on the opposite side-
surface. Amphipathic peptides can electrostatically interact with lipid 
membranes. Upon adsorption, their hydrophobic aminoacids can be buried into 
the hydrophobic core of lipid monolayer. Such partial incorporation causes 
elastic deformations of the membrane in the peptide vicinity. If two peptides are 
far separated, their induced deformations are independent, and the corresponding 
elastic energy is additive. When the peptides come closer, the deformations 
overlap, leading to effective lateral interaction. Utilizing the theory of elasticity 
of liquid crystals adapted to lipid membranes, we calculated the energy of elastic 
deformations for discrete set of arbitrary configurations of two amphipathic 
peptides adsorbed to the membrane. The global minimum of the energy is 
achieved in the configuration of aligned parallel peptides separated by about 6 
nm. We analytically obtained the expression for the interaction potential in 
unidimensional approach. The potential well approximates the interaction energy 
profiles, obtained numerically for peptides of different lengths arbitrary oriented 
with respect to each other. The effective interactional length of aligned parallel 
peptides for the unidimensional approach slightly exceeds their actual length. 
When the peptides are mutually shifted along their axis, the effective interaction 
length appears to be close to the length of projection of one peptide onto the 
other. If longitudinal axes of the peptides cross at substantial angle, the 
interaction is mainly governed by the peptide edges; the effective interaction 
length in this case is determined by characteristic length of deformation decay, 
i.e. by the membrane elastic properties rather than peptide geometry. We thus 
conclude that deformation-mediated interaction of membrane inclusions can be 
adequately described by the potential calculated in the unidimensional approach. 
The work was supported by the Russian Foundation for Basic Research grant 
#17-04-02070. 
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Self-assembly of 10-N-nonyl acridine orange (NAO) creates 
molecular zippers promoting cell death by adhesion of membranes  
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Albuquerque4, A. Guerrero Martínez1, F. Monroy1, P. Lillo2, I. López-
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(CSIC), Madrid, Spain; 3Instituto de Investigación Hospital Doce de Octubre, 
Madrid, Spain; 4Liverpool John Moores University, Liverpool, United 
Kingdom. 

 
The fluorescent dye 10-N-nonyl acridine orange (NAO) is widely used as a 
mitochondrial marker. Very early, NAO was reported to have cytotoxic effects 
in cultured eukaryotic cells when incubated at high concentrations. Although 
the biochemical response of NAO-induced toxicity was well identified, the 
underlying molecular mechanism has not been yet explored in detail. Here, by 
using giant unillamelar vesicles and fluorescence confocal microscopy, we 
have obtained direct evidence that NAO promotes strong membrane adhesion 
of negatively charged vesicles. The attractive interactions between adhering 
membranes derive from van der Waals interactions between antiparallel H-
dimers of NAO molecules from opposing bilayers, as revealed by fluorescence 
lifetime imaging microscopy. Semiempirical calculations have confirmed the 
supramolecular scenario by which antiparallel NAO molecules form a zipper of 
bonds at the contact region. The membrane remodelling effect of NAO, as well 
as the formation of H-dimers, was also confirmed in cultured fibroblasts, as 
shown by theultrastructure alteration of the mitochondrial cristae. We conclude 
that membrane adhesion induced by NAO stacking accounts for the 
supramolecular basis of its cytotoxicity.  
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Structural changes in biomimetic myelin membranes induced by Myelin 
Basic Protein 
B. Krugmann1, A. Stadler2, A. Radulescu1, A. Koutsioumpas1, M. Dulle2, M.S. 
Appavou2, S. Förster1. 
1Forschungszentrum Juelich, Garching, Germany; 2Forschungszentrum Juelich, 
Juelich, Germany. 
The myelin sheath plays an important role in nerve signal conduction. It acts as 
an insulating layer around axons which enables fast signal transport by reducing 
conduction losses. In demyelinating diseases like multiple sclerosis, this 
membrane is damaged which leads to severe problems in nerve conduction. In 
literature, different values for the lipid composition of healthy and modified 
membranes have been found. Based on these results we investigate the 
membrane structure of the respective lipid compositions. As next step we add 
Myelin Basic Protein (MBP) to the membranes and investigate the induced 
structural changes. Small angle neutron scattering (SANS) and cryo-
transmission electron microscopy (cryo-TEM) data show the structure of 
vesicles with healthy and modified membrane composition and the strong 
structural change induced by MBP. In detail, we see as well multilamellar 
structures as vesicle fusion and aggregation. Neutron Reflectometry (NR) data 
shows how the interaction of healthy and modified myelin membranes with MBP 
differs, respectively. 
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NMR Studies of Phospholipid Motion using Lanthanide Induced Shifts  
L. Rowlands, C. Wrobel, R.V. Law. 
Imperial College London, London, United Kingdom. 
Biological membranes are made up of phospholipids, which form a bilayer 
structure along with proteins and carbohydrates. In order to study the behaviour 
of these membranes, phospholipid vesicles have long been used as models. 
Whilst they may be a far cry from the complexity of a cellular membrane, their 
simplicity allows researchers to study individual biophysical effects in isolation. 
However, NMR of phospholipid vesicles presents many challenges, one of the 
most notable is the difficulty of distinguishing between the inside and outside 
leaflets of the bilayer. To address this, we utilised ytterbium ions to induce a 
pseudocontact shift on the lipids, which results in two separate signals for the 
head group of the lipid. This was then used to differentiate between the outer and 
inner leaflets of a unilamellar vesicle, and observe molecular motion using 1H 
NMR. Specifically of interest is trans-bilayer movement, which is fundamental 
to biological activity, but remains difficult to observe and characterise. It was 
found that the ratio of the lanthanide to lipid was shown to influence the splitting, 
and the magnitude of the splitting was also dependent on the lipid. By 
introducing lyso lipids, the membrane was perturbed and increasing the 
temperature past the transition temperature showed merging of signal from the 
head group, which we believe to indicate trans-bilayer movement. This work 
demonstrates the utility of the lanthanide shift reagents. It has been shown that 
they are sensitive to differences in lipid formulations and capable of elucidating 
molecular motion previously unobserved by NMR.    
  
 
 




