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Probing photoinduced lipid hydroperoxidation in Langmuir monolayers 

Pedro Aoki 
Departamento de Biotecnologia, Faculdade de Ciências e Letras, UNESP - Universidade Estadual 

Paulista 

Photodynamic therapy (PDT) efficiency depends on many factors including the incorporation of the 
photosensitizer (PS) in cell membranes and possible lipid hydroperoxidation. Herein, we show that 
hydroperoxidation may be photoinduced when eosin Y is incorporated into Langmuir monolayers 
that serve as cell membrane models. This occurs for Langmuir monolayers of 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 
which have unsaturation in their hydrophobic chains. In contrast, light irradiation had no effect on 
monolayers of saturated 1,2-dipalmitoyl-sn-glycero-3- phosphocholine (DPPC). Evidence of hy-
droperoxidation was obtained from the area increase in eosin-containing DOPC and POPC mono-
layers upon irradiation, which was accompanied by a decrease in monolayer thickness according 
to grazing incidence X-ray off-specular scattering (GIXOS) data. Furthermore, the changes in po-
larization-modulated infrared reflection absorption spectroscopy (PM-IRRAS) induced by irradiation 
were consistent with hydroperoxide migration toward the lipid hydrophilic heads. In summary, this 
combination of experimental methods allowed us to determine the effects of eosin Y interaction 
with cell membrane models under irradiation, which may be associated with the underlying mech-
anisms of eosin Y as photosensitizer in PDT. 



Photochemistry of photoinduced membrane leakage 

Maurício S. Baptista 
Institute of Chemistry, Universidade de São Paulo 

Irreversible membrane damage, which lead to membrane leakage, is key to the efficiency of cell 
death caused either by photosensitizers (PS) used in Photodynamic Therapy (PDT) or by PS natu-
rally present in the skin. Experiments based in absorption/emission and mass spectroscopic, as 
well as, theoretical simulations, showed that lipid aldehydes have a key role in the formation of 
transmembrane pores. Processes depending on direct contact between photosensitizers and lipids 
were revealed to be essential for the progress of peroxidation and for aldehyde formation, provid-
ing a molecular-level explanation of why membrane binding is so well correlated with the efficiency 
of photosensitizers. Consequences of this find will be showed and discussed in experimental mod-
els of PDT and of skin aging.  



In situ characterization of lipid vesicle dynamics undergoing photooxidation 

Stéphanie Bonneau 
Sorbonne Université 

Due to their macrocycle, tetrapyrrole molecules - porphyrins, chlorins, phthalocyanines ... - present 
very special photo-physical properties. Their light irradiation generates, through their triplet state, 
reactive species such as singlet oxygen or oxyradicals. These species cause, in the area both irra-
diated and marked by the tetrapyrrole (photosensitizer), molecular alterations. Specific targeting 
photosensitizers to one or the other cell compartments thus is the basis of their potential to modify 
and control the physiology of the cells. For example, the photo-chemical internalization (PCI) of 
macromolecules into cells is based on the photo-induced alteration of endosomal membranes - 
before their maturation in lysosomes - allowing the escape of the macromolecules, free to reach 
their targets within cell. More extensive photo-induced changes, in particular to the mitochondria, 
lead to cell death by necrosis or apoptosis. This photo-induced cell death is basis of an anticancer 
therapy so-called PDT. 
To better apprehend such complex effects, we turned to model systems. In particular, we focussed 
on photo-oxidation of membranes lipids, that are important targets of the photodynamic effect, as 
well as for photodynamic therapy than for photochemical internalization. We extensively studied 
their modifications under photo-oxidation, involving major différentes modifications within the 
membranes which can be highly destabilized. Our purpose is to demonstrate that the photo-indu-
ced permeabilization of the membranes is correlated with a deep physical stress, which can be re-
laxed by various pathways, depending on its lipids composition, which is characteristic of  the tar-
geted cellular compartment. 



Upconversion at lipid bilayers: sensitivity to dioxygen and ROS production 

Sylvestre Bonnet 
Leiden Institute of Chemistry, Leiden University, Einsteinweg 55, 2333 CC Leiden, The Nether-

lands    bonnet@chem.leidenuniv.nl  

Photoactivated chemotherapy (PACT) and photodynamic therapy (PDT) consists in a range of 
techniques aimed at activating with light photosensitive medicinal compounds, either in oxygen-
poor or oxygen-rich tumors, respectively. These techniques are regarded as a promising alterna-
tive to chemotherapy as it might limit side effects and increase treatment efficacy. However, many 
photosensitive compounds require UV or blue light to be activated, which penetrates sub-optimally 
in biological tissues. We have developed upconverting liposomes, polymersomes, and lipid-coated 
upconverting nanoparticles, that can produce blue light upon red or near infrared light irradiation, to 
activate blue-light sensitive ruthenium-based anticancer compounds. In upconverting vesicles, the 
triplet-based upconversion emission is quenched in presence of O2 (Figure 1a). However, antioxi-
dants simply added to the solution can stabilize for hours the upconversion intensity in air. By in-
troducing antioxidants in the membrane composition of polymersomes, it is even possible to stabi-
lize upconversion in air without a need for exogeneous antioxidants (Figure 1b). In lipid-coated up-
converting nanoparticles, ruthenium PDT sensitizers added to the lipid formulation generate reac-
tive oxygen species upon 980 nm light irradiation, but it is difficult to detect the primary nature of 
the light-generated ROS because we miss the appropriate probe. In this presentation I will com-
pare the lipid-containing upconverting nanosystems developed in Leiden and their interactions with 
dioxygen and ROS.  

!  
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Electrostatic interactions in phospholipid membranes: influence of ions and hydroxyl 
radicals 

Christiane A. Helm 
Institute of physics, University of Greifswald, Felix-Hausdorff-Straße 6,  

17489 Greifswald, Deutschland. 

Electrostatic interactions in monolayers of acidicphospholipids are studied by thermodynamical 
and optical techniques inconjunction with model calculations. The focus is the LE/LC (liquid ex-
panded/liquid condensed) phasetransition. The phase transition pressure depends on the compo-
sition of the aqueoussolution. For cardiolipins and monovalent cations (Na+, K+, Cs+) weak bind-
ing and anonmonotonic behavior of the phase transition surface pressure is found:Raising the 
monovalent salt concentration increases the transition surfacepressure by charging the TMCL 
monolayer until 0.1 mol/l, then screening effectsdominate and decrease the transition surface 
pressure by reducing electrostaticrepulsion between lipid head groups. Strong binding for divalent 
cations isfound, in the sequence Sr2+< Mg2+ < Ca2+ ≈Zn2+ ≈ Mn2+. 
The reaction of DPPC monolayerswith hydroxyl radicals(HO˙fromFenton solutions) was investigat-
ed using infrared reflection absorption spectroscopy (IRRAS), grazing incidence X-ray diffraction, 
X-ray reflection and fluorescence microscopy. The DPPC monolayer is exposed to different 
HO˙concentrations.The decrease in the lateral pressure was used as a measure of the efficiency 
ofthe HO˙attack. With increasing HO˙concentration,the surface transition pressure decreased; 
eventually it disappeared. Fluorescence microscopy during the HO˙attack showed that new do-
mains in the condensed phase nucleate immediately. In the LC phase a reduced tilt angle of the 
alkyl chains was found. IRRAS experiments indicated a partial cleavage of the head group leading 
to a reduced head group size, the reduced phase transition pressure is attributed to Fe2+ binding.  



Molecular Simulations of Oxidised Phospholipids 

Himanshu Khandelia 
Campuvej 55, Odense 5230 M, Denmark 

I will first provide a perspective of our prior work on oxidized lipids, which includes the first demon-
stration of reversal1 and reorientation2 of oxidized acyl chains in lipid bilayers, the pairing of choles-
terol and fully oxidized lipid species in bilayers3, and the unusual conformation of double-headed, 
4-tailed Schiff base oxidized lipids4. In particular, I will focus on the protective property of choles-
terol on oxidized membranes, and make the unusual claim that the protection arises not from the 
ordering effect of cholesterol, but from complementary shape factors of cholesterol and oxidized 
lipid species which drive them closer together, preventing membrane leakage by an excess of non-
cylindrical surfactant-like polar lipids in the membrane. The simulations have consistently been 
complemented by biophysical experiments demonstrating a critical need for theoretical and exper-
imental biophysicists to work together. 

[1] Khandelia, H., and Mouritsen, O. G. (2009) Lipid gymnastics: evidence of complete acyl chain 
reversal in oxidized phospholipids from molecular simulations, Biophys. J. 96, 2734-2743. 
[2] Conte, E., Megli, F. M., Khandelia, H., Jeschke, G., and Bordignon, E. (2013) Lipid peroxida-
tion and water penetration in lipid bilayers: A W-band EPR study, Bba-Biomembranes 1828, 
510-517. 
[3] Khandelia, H., Loubet, B., Olzynska, A., Jurkiewicz, P., and Hof, M. (2014) Pairing of choleste-
rol with oxidized phospholipid species in lipid bilayers, Soft Matter 10, 639-647. 
[4] Hermetter, A., Kopec, W., and Khandelia, H. (2013) Conformations of double-headed, triple-
tailed phospholipid oxidation lipid products in model membranes, Biochim. Biophys. Acta 1828, 
1700-1706. 



Imaging lipid oxidation using molecular rotors 

Marina K. Kuimova 
Department of Chemistry, Imperial College London, 

Exhibition Road, London, SW7 2AZ, UK 
e-mail: m.kuimova@imperial.ac.uk 

Molecular rotors are small synthetic fluorophores, in which the speed of rotation about a sterically 
hindered bond is viscosity-dependent [1-2]. We have demonstrated that molecular rotors allow 
imaging of the oxidative stress in lipid membranes, live cells and in atmospheric aerosols, upon 
exposure to ozone, singlet molecular oxygen, or radicals. We find that in an environment where 
cross linking or oligomerisation are possible, viscosity increases significantly following oxidative 
stress, and can be quantitatively imaged using molecular rotors combined with either Fluorescence 
Lifetime Imaging (FLIM) or ratiometric detection. [3-8] 

M. K. Kuimova, Phys Chem Chem Phys, 2012, 14, 12671 
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A. Vyšniauskas, et al, Chem. Eur J, 2016, 22, 13210–13217   
N. A. Hosny, et al, Faraday Discussions, 2013 165, 343-356 
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Microdomain structure and mechanical properties of lipid monolayer mimicking red cell 
membranes: influence of oxidative stress  

B.-D. Lechner, C.P. Winlove, P.G. Petrov 
Department of Physics and Astronomy, University of Exeter, EX4 4QL Exeter UK. 

 Red blood cells (RBCs) have remarkable mechanical properties that are major determi-
nants of blood flow. This is made possible by the unique structure of the erythrocytes. The bilayer 
lipid membrane accounts for the bending rigidity of RBCs whereas the membrane skeleton, built 
mainly of spectrin dimers in the form of a network sparsely anchored to the lipid bilayer, regulates 
the shear elasticity.[1] Deformation of RBC is a key property to ensure efficient passage through 
the microcirculation. A number of diseases such as diabetes may cause changes in the RBC’s de-
formability and the physical properties of the erythrocyte plasma membrane due to oxidative and 
other chemical stresses.[2] To reduce the complexity of the system, model membranes and lipid 
monolayers have been used to determine membrane properties.[3]  
 Figure1. Langmuir monolayer compression isotherms, storage moduli from dilational rheol-
ogy experiments and fluorescence micrographs at 25 mNm-1 for the RBC inner leaflet mixture with 
cholesterol (grey) or 7-ketocholesterol (black).We investigate the microdomain structure of synthet-
ic lipid monolayers mimicking the composition of the inner or outer leaflet of the erythrocyte plasma 
membrane by means of the Langmuir trough technique coupled with fluorescence microscopy, 
gracing incidence X-ray diffraction (GIXD) and X-ray reflectivity (XRR) to study domain structures. 
Surface relaxation (dilational rheology) is used to quantify the dynamic interfacial rheological prop-
erties of the lipid film and Molecular Dynamics (MD) simulations reveal details in monolayer orga-
nization at molecular length scales. In particular, we investigate the effect of oxidation of key mem-
brane constituents to clarify the role of oxidative stress on the plasma membrane organisation and 
physical properties. 
 We show that a replacement of cholesterol by 7-ketocholesterol as a main oxidation prod-
uct leads to a significant stiffening of the monolayer at surface pressures above 20 mN/m 
(Figure1), in the range of the bilayer equivalence surface pressure (π ≈ 30 mN/m). Fluorescence 
imaging was used to reveal crystallite-like microdomain structures of the monomolecular layers 
containing 7-ketocholesterol whereas the monolayer with non-oxidized cholesterol features more 
circular domain shapes. We also report differences in the monolayer organisation as detected by 
GIXD and XRR.  
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Consequences of oxidation of plasma membrane lipids in cultured cells 

Noah Malmstadt 

Mork Family Dept. of Chem. Eng. & Mat. Sci., University of Southern California 

The lipid bilayer is a key site for oxidative damage; unsaturated lipids are particularly labile to oxi-
dation. In vitro models have demonstrated that oxidation alters key properties of the lipid bilayer 
including permeability, morphology, and phase state. However, it remains unclear to what extent 
oxidation persists in the membranes of living cells, which incorporate mechanisms for preventing 
oxidative damage and regenerating plasma membrane lipids. Here, we expose cells in culture to a 
variety of oxidative environments, extract lipids from their plasma membranes, and use lipidomic 
techniques to quantify the extent of oxidation. 

In our previous work, we have shown that at low degrees of oxidation (fewer that 3% of unsatura-
ted lipids oxidized), bilayers demonstrate radically increased permeability to small molecules. This 
represents a potentially catestrophic compromising of the barrier properties of the plasma mem-
brane. Oxidation is also capable of radically altering the morphology of lipid bilayers, altering the 
dimensions of lipids in a manner that leads to changes in membrane tension and subsequent pore 
formation. Similary, oxidation can lead to processes that inhibit the capacity of lipid bilayers to form 
high-curvature structures. 

To better model modes of oxidative damage to the cellular plasma membrane, we have exposed 
cells in culture to both chemical oxidation and growth in a high oxygen partial pressure environ-
ment. Cell viability was analyzed and lipids were extracted from the cell to assess the mechanical 
properties and permeability of lipid bilayers constructed from them. Extracted lipids were also sub-
ject to lipidomic analysis to clarify the compositional changes that occur in plasma membranes in 
an oxidative environment. 



Spatially Resolved Optical Experiments to Monitor the Singlet Oxygen Initiated Oxidation of 
Lipid Droplets in Oil-in-Water Emulsions 

Peter R. Ogilby 
Department of Chemistry 

Aarhus University 
Aarhus, Denmark 

progilby@chem.au.dk 

We have established that singlet molecular oxygen, O2(a1Δg), can be selectively produced 
with high spatial localization in micro- and nano-heterogeneous samples using a variety of laser-
based methods.  For lipid droplets in oil-in-water emulsions, this means that we can produce 
O2(a1Δg) inside a droplet or in the aqueous medium right next to the oil-water interface.  We 
then use fluorescent probes to monitor the resultant oxidation reactions in spatially resolved 
imaging experiments.  By using a hydrophobic probe, we monitor oxidation inside the droplet.  
With an amphiphilic probe, we monitor oxidation at the oil-water interface.  With this approach, 
we can monitor the spatial evolution of an oxidation reaction in/on a given droplet, and the evo-
lution from one droplet to another droplet. 

C. Banerjee, T. Breitenbach, and P. R. Ogilby, ChemPhotoChem, 2018, 2, 586-595.  Spatially Re-
solved Experiments to Monitor Singlet Oxygen Initiated Oxidation of Lipid Droplets in Emul-
sions. 

C. Banerjee, M. Westberg, T. Breitenbach, M. Bregnhøj, and P. R. Ogilby, Anal. Chem., 2017, 89, 
6239-6247.  Monitoring Interfacial Lipid Oxidation in Oil-in-Water Emulsions Using Spatially 
Resolved Optical Techniques.     
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Lipid oxidation in cellular delivery applications 

Jean-Philippe Pellois 
Texas A&M University 

Department of Biochemistry and Biophysics, Department of Chemistry 

Delivery agents cross cellular membranes to penetrate cells. Membrane translocation may take 
place on the surface of the cell or, following endocytic uptake, within the endosomal pathway. 
Notably, lipid oxidation can modulate these various translocation processes. In particular, I will 
describe how membrane oxidation modulates the extent by which cell-penetrating peptides 
traverse the plasma membrane of live human cells. I will also describe how lipid oxidation can be 
exploited to mediate the selective permeation of endosomal membranes.  



2D Time-resolved singlet oxygen luminescence scanning on microorganisms on surfaces  

Beate Röder, Jan Schlothauer, Steffen Hackbarth, Tobias Bornhütter  
Humboldt-Universität zu Berlin, Germany  

The concept of monitoring the distribution of photosensitizers (PS) in biological systems is a well-
known and common procedure but it is limited to obtaining information about its localization only. 
Even evaluating the PS fluorescence does not necessarily correlate one-to-one with singlet oxygen 
(1O2) generation efficiency. 

It is well accepted that 1O2 is the main mediator of the photodynamic effect.1 For this reason, nume-
rous efforts have been made to detect 1O2 in vitro as well as in vivo. The detection methods of 1O2 

range from indirect methods using monitor molecules, other indirect methods that do not require 
additional drugs, to direct 1O2 detection via its weak near-infrared (NIR) phosphorescence at 
around 1270 nm.2-8 Beside using the photodynamic effect in photomedicine for the treatment of 
different diseases it is also important for the inactivation of microorganisms like bacteria, phototro-
phic organisms and fungi.  
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Frontiers in Peroxidation of lipid membranes:  Key molecular level aspects using 
computational chemistry 

Mounir Tarek  
Centre National de La Recherche Scientifique (CNRS) Université de Lorraine, Nancy FRANCE 

Membrane oxidative stress is connected to the emergence of various diseases ranging from 
inflammation to cancer and ageing. While lipid oxidation is an active field of research, there is an 
ever-increasing need for understanding the microscopic details involved in its occurrence in cell 
membranes. Recently, we have been investigating membranes peroxidation in realistic 
environments using state of the art Quantum Mechanics/Molecular Mechanics modeling. In the 
spirit of this workshop, we will present our most recent efforts in understanding and characterizing 
several key steps of the phenomena in order to convey the exquisite predictive power or today’s 
computational techniques and some aspects of the results that could greatly benefit from 
experimental validation. 



Structural and dynamic changes in photo-oxidized membranes: insights from a coarse-
grained model, and a kinetic puzzle 

Fabrice Thalmann 

Institut Charles Sadron, Université de Strasbourg, France 

A few years ago, the in-situ photo-oxidation of POPC and DOPC vesicles brought a proof of the 
stability of fully peroxidized lipid bilayers and provided an estimate of their relative increase in area 
per lipid [1,2]. These results were comforted by self-consistent mean-field Monte-Carlo simulations. 
A coarse-grained model was then introduced, which reproduces semi-quantitatively the experimen-
tal findings [3]. We will review the main predictions of this model in terms of membrane structure 
and mechanics. 

When photo-oxidation is not restricted to peroxidation, irreversible damages to the bilayer occur. 
Different experiments point to a non trivial relationship between the rate of lipid alteration and the 
time of occurrence of the damages in DOPC bilayers, as inferred from the sudden increase in 
membrane porosity [4,5]. We argue that a lateral lipid separation mechanism could account for this 
non-trivial kinetics of the membrane degradation. 

[1] G. Weber et al, Soft Matter, 10, p4241 (2014) 
[2] P.H.B. Aoki et al, Soft Matter, 11, p5995 (2015) 
[3] Y.Guo et al, Soft Matter, 12, p263 (2016). 
[4] O. Mertins et al., Biophysical Journal, 106, 162–171 (2014) 
[5] I.O.L. Bacellar et al., BBA, 1860, p2366 (2018) 



How do the membranes sense the oxidation of cholesterol? 

Ilpo Vattulainen 

Department of Physics, University of Helsinki 

Cholesterol is one of the vital components in regulating the physical properties of animal cell mem-
branes. There are further numerous membrane proteins whose function is dependent on choleste-
rol. Given the importance of cholesterol in regulating cellular function, it is tempting to ask how its 
oxidation due to enzymes or oxygen radicals would be sensed in cells, and how these structural 
modifications would alter cholesterol function. In this talk, we consider these two topics on the ba-
sis of recent computer simulation studies. We discuss how oxysterols resulting from the oxidation 
of cholesterol affect membrane properties in a manner that is distinct from cholesterol, and how the 
oxidation of cholesterol alters the binding affinity for proteins that have allosteric cholesterol-speci-
fic binding sites. 



Plasma-induced oxidation of the lipid bilayer: 
Insights from molecular level modeling 

Maksudbek Yusupov, Jamoliddin Razzokov and Annemie Bogaerts 
Research Group PLASMANT, Department of Chemistry, University of Antwerp, Universiteitsplein 1, 

B-2610 Antwerp, Belgium 
e-mail: maksudbek.yusupov@uantwerpen.be 

Near room temperature or cold atmospheric plasmas (CAPs) are gaining increasing interest for 
cancer treatment [1-3]. The underlying mechanisms, however, are still not fully understood, but 
they are important in terms of safe utilization. It is largely accepted that CAP-generated reactive 
oxygen and nitrogen species (RONS) play a key role [3-5]. Indeed, a noticeable rise of intracellular 
ROS has been observed in cancer cells compared to normal cells upon CAP treatment [6-9], which 
can eventually result in oxidative damage inside the cells. The CAP-generated species first interact 
with the cell membrane, thereby oxidizing its lipids, and it is important to study the behavior of the 
oxidized membrane and its effect on the penetration abilities of the RONS across the oxidized lipid 
bilayer. 

This talk will give an overview of our recent simulation results on the interaction of ROS with the 
lipid bilayer which causes lipid oxidation, thereby leading to increased membrane fluidity. 
Moreover, insights on the permeation of various (hydrophilic and hydrophobic) RONS through both 
oxidized and non-oxidized membranes will be provided, and the synergistic effect of the electric 
field and lipid oxidation, both arising from CAP, on the permeability of cell membranes, will be 
explained, as well as the phosphatidylserine (PS) flip-flop induced by lipid oxidation, which plays a 
vital role in apoptosis signaling. Finally, the results on the different permeability of H2O2 across 
aquaporin transmembrane channel vs. the lipid bilayer will also be demonstrated. 
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Permeation of RONS and glucose across native and oxidized membranes: answers from 
molecular dynamics simulations 

A poster by Jamoliddin Razzokov, Maksudbek Yusupov and Annemie Bogaerts 
Research Group PLASMANT, Department of Chemistry, University of Antwerp, Universiteitsplein 1, 
B-2610 Antwerp, Belgium 
e-mail: jamoliddin.razzokov@uantwerpen.be 

Cold atmospheric plasmas (CAPs) are being used in various medical applications, such as 
bacterial decontamination, wound healing [1, 2], blood coagulation [3], as well as cancer treatment 
[4-6]. CAP-generated reactive oxygen and nitrogen species (RONS) interact with and permeate 
through the cell membrane, inducing modifications in cellular components, thereby influencing 
signaling processes. In order to better understand the transfer of RONS through native and 
oxidized membranes (induced by CAP), we performed umbrella sampling (US) molecular 
dynamics [7]. 

The calculated free energy profiles show that hydrophobic species, like NO, NO2, N2O4, O2 and 
O3, can significantly better penetrate across both native and oxidized membranes, compared to 
hydrophilic ROS, such as OH, HO2 and H2O2, due to the considerably lower free energy barriers 
[7]. Oxidation of the membrane does not strongly affect the free energy barriers of NO, NO2, N2O4, 
O2 and O3, whereas it reduces the barriers of OH, HO2 and H2O2, thereby increasing their 
translocation probability across oxidized membranes [7]. 

Recent experiments have evidenced that CAP can also enhance the intracellular uptake of 
glucose molecules, important in diabetes therapy [8]. In this respect, it is essential to understand 
the underlying mechanisms of intracellular glucose uptake induced by CAP, which is still unclear. 
Hence, we elucidated the possible mechanism of glucose uptake by cells, performing again US 
simulations. Specifically, we studied the transport of glucose through native and oxidized 
membranes. Our simulation results show that the free energy barrier for the permeation of glucose 
molecules across the membrane decreases upon increasing degree of oxidized lipids in the 
membrane [9]. 

[1] Bekeschus S, Schmidt A, Weltmann K-D and von Woedtke T 2016 The plasma jet kINPen–a powerful tool for wound healing 
Clinical Plasma Medicine 4 19-28 

[2] Haertel B, von Woedtke T, Weltmann K-D and Lindequist U 2014 Non-thermal atmospheric-pressure plasma possible 
application in wound healing Biomolecules & therapeutics 22 477 

[3] Kalghatgi S U, Fridman G, Cooper M, Nagaraj G, Peddinghaus M, Balasubramanian M, Vasilets V N, Gutsol A F, Fridman A 
and Friedman G 2007 Mechanism of blood coagulation by nonthermal atmospheric pressure dielectric barrier discharge 
plasma IEEE Transactions on plasma science 35 1559-66 
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[6] Vermeylen S, De Waele J, Vanuytsel S, De Backer J, Van der Paal J, Ramakers M, Leyssens K, Marcq E, Van Audenaerde J 
and LJ Smits E 2016 Cold atmospheric plasma treatment of melanoma and glioblastoma cancer cells Plasma Processes and 
Polymers 13 1195-205 
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A Versatile Molecular Toolbox for Membrane Investigations 

A poster by Line BOUREL, Maria Vittoria SPANEDDA and Benoît FRISCH 
UMR 7199 CNRS / Unistra, Equipe "3Bio"  
Faculté de Pharmacie, 74, route du Rhin, F - 67400 ILLKIRCH 

As chemists working at the interface of molecular biology and biophysics, we have gained a strong 
experience in the design, the synthesis and the characterization of a large set of original molecular 
tools. Over the years, unique lipid tools based either on fluorescence, photochemistry or nanophy-
sics experiments, were specially developed to image, target and/or characterize in vitro or reconsti-
tuted cellular events. Examples of molecular contributions to membrane investigations - especially 
in the field of fusion peptide identification, viral entry simulation, molecular motors study and intra-
cellular trafficking modeling - will be given.  



Effect of reactive oxygen and nitrogen species on gold supported POPC and POPC:Coen-
zyme Q10 lipid bilayers 
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Effect of reactive oxygen and nitrogen species on lipids have been implicated in several human 
diseases and exposures such as cancer, diabetes, and neurodegenerative disorders. Efforts have 
been devoted to understanding the mechanism of lipid peroxidation and preventing the deleterious 
effects of this process1. The current study reports antioxidant protection of lipid bilayer by coen-
zyme Q10 against reactive species generated by the kINPen cold atmospheric plasma jet2. Q10 is 
mostly known for its role in electron and proton transfer in aerobic cellular respiration, and its func-
tion as a powerful antioxidant3. POPC and POPC:Q10 liposomes were formed by sonication tech-
nique and then the structure and morphology of small unilamellar vesicles (SUV) were character-
ized with cryogenic transmission electron microscopy (Cryo-TEM). Generalized polarizations for 
POPC and POPC:Q10 were calculated based on Laurdan assay experiments which shows that 
the addition of Q10 to a lipid film leads to a more fluid bilayer. In the next step, a gold supported 
lipid bilayer was prepared by the potential assisted vesicle fusion method4. After formation of the 
lipid bilayer, a decrease in the oxidation and reduction peak currents of redox probe [Fe(CN)6]4− 
were observed. Electrochemistry and high-resolution mass spectroscopy were used to monitor ef-
fect of ROS and RNS generated by kINPen on lipid bilayer. According to the electrochemical re-
sults, the peak current of redox system increased during plasma treatments which indicates the 
degradation and hole formation in lipid bilayer. However, incorporation of Q10 into lipid bilayer was 
accompanied by a dramatic decrease in the electrochemical peak current. The results confirm the 
antioxidant activity of Q10 in protecting lipid bilayer against reactive species. The result of MS and 
tandem MS/MS spectroscopy in positive and negative modes showed that there were less modifi-
cations on head group (phosphocholine) but several modifications and fragmentations on alkyl 
chains during plasma treatments. For instance, a peak at 649.5 m/z indicates formation of Poxno 
(16:0-09:0) PC lipid after peroxidation of POPC lipid bilayer by reactive oxygen species such as 
singlet oxygen. 
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Yin, H., et al. Free Radical Lipid Peroxidation: Mechanisms and Analysis. Chem. Rev. 2011, 111, 
5944–5972 
Reuter, S., et al. The kINPen—a review on physics and chemistry of the atmospheric pressure 
plasma jet and its applications. 51 (2018) J. Phys. D: Appl. Phys 233001. 
Agmo Hernández, V., et al. Ubiquinone-10 alters mechanical properties and increases stability of 
phospholipid membranes. Biochimica et Biophysica Acta 1848 (2015) 2233–2243. 
Mårtensson, C., et al. Ubiquinone-10 in gold-immobilized lipid membrane structures acts as a sen-
sor for acetylcholine and other tetraalkylammonium cations. Bioelectrochemistry 88 (2012) 171–
180. 
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Red Cell Mechanical Properties and Biochemical Signalling in Health and Disease 

A poster by Beth McGill 
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Red blood cells (RBCs) are highly specialised for transporting oxygen around the body. Their 
unique composite membrane (lipid bilayer and membrane skeleton) provides the elasticity required 
to maintain shape and withstand deformation by external forces throughout the microcirculation. A 
number of diseases, such as diabetes mellitus, may cause an alteration of the RBC deformability 
and membrane physical properties due to oxidative and other chemical stresses. 
Here, we investigate the role of the RBC as an effective regulator of vascular tone, by its ability to 
release the vasodilator ATP as a result of mechanical deformation. We correlate the amount of re-
leased ATP with relevant mechanical parameters of the membrane, i.e. membrane bending and 
shear moduli.  Further, we investigate how this control mechanism is compromised in disease, 
mimicking elevated oxidative stress with chemical treatments that selectively alter specific mem-
brane components. RBCs from blood samples of healthy volunteers were analysed by thermal 
fluctuation spectroscopy to quantify the bending and shear moduli of individual cells. Whole blood 
preparations were then treated with an in vitro shearing device (producing physiologically-relevant 
shear stress) and subjected to testing via a chemiluminescence assay to determine the total ATP 
release induced by the shear deformation. 
The chemical treatments increase the bending and/or shear moduli, stiffening the membrane, 
which in turn causes a reduction in the amount of released ATP after shearing. The results suggest 
that in disease, cells could show a reduced ability to release ATP and hence reduced control of 
blood flow. This could be a contributing factor to complications observed in a number of conditions 
characterised with increased levels of oxidative stress. 



The impact of lectin valence and structure on the organization of the plasma membrane 
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The plasma membrane represents an outstanding example of self-organization in biology. Lipids 
and proteins assemble this semi-permeable barrier between the cytosol and extracellular fluid. The 
variety of membrane components is impressive, and their distribution in the lipid bilayer is not ho-
mogeneous. Highly dynamic, ordered plasma membrane nanodomains, so-called lipid rafts, are 
involved in a plethora of cellular processes, such as cell adhesion, signaling and endocytosis. The 
spatial organization of the plasma membrane is being adjusted constantly in order to maintain cell 
integrity, especially during the exchange of material with the extracellular space. For instance, the 
lipid environment responds to the interaction of host cell glycosphingolipids (GSL) with various 
carbohydrate binding proteins (lectins). The membrane reorganization induced by specific GSL-
lectin interactions can be thoroughly studied by the reconstitution in synthetic membrane systems. 
In such systems, the microscopic “raft-like” (i.e. liquid-ordered – Lo) phase domains can be ob-
served and characterized using conventional fluorescence microscopy techniques. In addition, re-
building allows isolating single membrane components in order to elucidate their unique functions. 
We use Supported Lipid Bilayers (SLBs) that contain the GSL globotriaosylceramide (Gb3) to mim-
ic the plasma membrane. Gb3 is known as host cell receptor for the lectins Shiga toxin (Stx) from 
S. dysenteriae and LecA from P. aeruginosa. Both lectins bind to the Gb3 carbohydrate moiety and 
cluster on the lipid bilayer surface. However, the subsequent behavior of the lectins differs. The 
homopentameric B-subunit of Shiga toxin (StxB) with in total 15 binding pockets binds to pre-
formed Lo domains and also induces the formation of novel ones. On the contrary, the homote-
trameric LecA with 4 binding sites decreases the size of preformed Lo domains until they com-
pletely disappear. Furthermore, huge membrane defects emerge and, as a result, the lipid bilayer 
is destroyed. Sharing the same receptor, both lectins induce different (maybe even opposite) 
events. This can be explained by variations in the number of binding pockets, their positions and 
orientations. 



Red wine tannins protect membrane lipids from oxidation: a proton NMR study 
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Polyphenols supplied by foods have been reported to possess antioxidant properties that could 
have positive effects on human health by protecting cell membranes from lipid oxidation damages. 
In this study, we propose a new in situ and non-invasive method based on proton liquid-state nu-
clear magnetic resonance (NMR) to determine the antioxidant efficiency of red wine tannins on a 
twice-unsaturated phospholipid, 1,2-dilinoleoyl-sn-glycero-3-phosphocholine (DLiPC), embedded 
in isotropic bicelles used as membrane model. Four tannins were studied: (+)-catechin (C), (-)-epi-
catechin (EC), (-)-epicatechin gallate (ECG), and (-)-epigallocatechin gallate (EGCG). The kinetics 
of lipid degradation induced by a radical initiator, 2,2’-Azobis(2-methylpropionamidine) dihydrochlo-
ride (AAPH) was determined by measuring the loss of the bis-allylic methylene moiety, an indicator 
of lipid oxidation. The antioxidant efficiency, i.e. the ability of tannins to slow down the lipid oxida-
tion rate, was shown to be higher for galloylated tannins, ECG and EGCG. Furthermore, the mix-
ture of four tannins was more efficient than the most effective tannin, EGCG, demonstrating a syn-
ergistic effect. To better understand the antioxidant action mechanism of polyphenols on lipid 
membranes, the tannin location was investigated by NMR and molecular dynamics. The location of 
tannins at the membrane interface (inserted at the glycerol backbone level) certainly plays a key 
role in their antioxidant action and their protective effect on membranes. 



Probing phase separation on DOPC/DPPC/cholesterol ternary systems as outcome of 
hydroperoxidation 
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Challenged by the recent progress on unraveling ternary phase diagrams of lipid mixtures, we 
have probed here the membrane phase behavior of DOPC/DPPC/cholesterol ternary system un-
der oxidative stress induced by the photo-activated erythrosin. Excited states of erythrosin can 
transfer energy to the surrounding oxygen (O2) towards single oxygen (1O2) generation, a very 
reactive specie capable of hydroperoxidize both DOPC and cholesterol. Indeed, membrane fluc-
tuations followed by a surface area increase was observed as result of hydroperoxidation, inde-
pendently of the evaluated composition. Besides, the liquid-ordered (Lo) and liquid-disordered (Ld) 
coexistence emerged from lipid compositions originally in a uniform liquid phase, suggesting a dis-
placement at the boundary lines of Lo-Ld phases. This phase behavior was dictated by the hydro-
peroxidized species of DOPC rather than cholesterol, as revealed by the DOPC-OOH(2)/DPPC/
cholesterol ternary diagram built. In summary, this combination of experimental methods allowed 
us to determine the effects of the photo-induced hydroperoxidation of ternary lipid mixtures, which 
may be associated with the underlying mechanisms of biological signaling. 



Oxidation-responsive polymersomes based on amphiphilic diblock polypeptoids 
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Stimuli-responsive polymersomes formed in water by amphiphilic block copolymers have at-
tracted much attention as nano- or micro-containers for drug delivery and nano/micro-reactors. We 
developed amphiphilic diblock copolypeptoids, poly(N-3-(methylthio)propyl glycine)-block-polysar-
cosine (PMeSPG-b-PSar) that self-assemble into unilamellar vesicles. These vesicles can be 
destabilized under the action of reactive oxygen species (ROS) either triggered by hydrogen per-
oxide or by light in the presence of a photosensitizer, with spatiotemporal control. We selected 
polysarcosine (also called poly N-methyl glycine) as the hydrophilic block, due to its resistance to 
protein adsorption and low toxicity, similar to poly(ethylene glycol) (PEG). As hydrophobic block, 
we synthesized a new polypeptoid, poly(N-3-(methylthio)propyl glycine), because of its hydropho-
bicity, its structure with the same backbone as PSar, and most importantly its N-substituted 
thioether side-chains that can be oxidized and transformed from hydrophobic moieties to hy-
drophilic sulfoxide ones. This new oxidation-responsive polymersome based on polypeptoids may 
find applications as nano-/micro-containers in drug delivery, biosensing, biodetection and nano-/
micro-reactors. 



Voltage-dependent formation of stable, ion conductive pores in suspended lipid bilayers 
from oxidized lipids. 

A poster by André P. Schroder, Ekaterina Zaitseva, Carlos M. Marques and Jan C. Behrends

Oxidation of membrane lipids is a ubiquitous phenomenon in eukaryotic cells occurring as a 
consequence of the generation of reactive oxygen species by mitochondrial or peroxisomal activity 
and irradiation with photons or ions. Lipid hydroperoxidation, the primary step of the oxidative reac-
tions, has been shown to induce molecular area increase, enhanced fluctuations and tube forma-
tion in giant unilamellar vesicles. Surprisingly, however, despite a 75% loss of elastic modulus, 
even fully hydroperoxidized membranes can remain effective barriers against the small molecule 
diffusion1, contrary to membranes including other downstream oxidation products2,3,4.  We were 
therefore interested to ascertain whether membrane permeability to ions of pure lipid bilayers is 
affected by lipid hydroperoxidation. Using a chip-based device for automated bilayer formation and 
parallel recording from suspended synthetic lipid bilayers (Orbit-16, Nanion), we compared res-
ponses to positive and negative voltages in the range of 50 to 200 mV of POPC- and 100% hydro-
peroxidized POPC (POPC-OOH)1 membranes formed on 50 µm-diam. microelectrode cavities of 
the MECA16 chip (Ionera). While control POPC membranes showed a stable conductance in the 
range of a few pS without evidence for pore-formation, POPC-OOH membranes responded with 
fluctuating conductance increases of conductance already at 50 mV. This conductance increased 
in a voltage and time-dependent manner, reaching values of several nS at +/-150 mV. Remarkably, 
the voltage induced conductance fluctuations were stable over time and did not recover during a 1 
s waiting period between pulses. Conductance fluctuations were characterized by multiple prefer-
red conductance levels separated by several tens of pS without evident equidistant periodicity. Ta-
ken together, these findings suggest that in response to voltage, hydroperoxidized POPC mem-
branes form stable voltage-dependent, ion-permeant pores with conductances similar to protein 
ion channels.  

(1) Weber, G.; Charitat, T.; Baptista, M. S.; Uchoa, A. F.; Pavani, C.; Junqueira, H. C.; Guo, Y.; 
Baulin, V. A.; Itri, R.; Marques, C. M.; et al. Lipid Oxidation Induces Structural Changes in Biomime-
tic Membranes. Soft Matter 2014, 10, 4241-4247. 
(2)  Caetano, W.; Haddad, P.S.; Itri, R.; Severino, D.; Vieira, V.C.; Baptista, M.S.; Schröder, A.;  
Marques, C.M. Photo-induced Destruction of Giant Vesicles in Methylene Blue Solutions. Lang-
muir, 2007, 23, 130-137. 
(3) Mertins, O.; Bacellar, I. O. L; Thalmann, F.; Marques, C. M.; Baptista, M. S.; Itri, R. Physical 
Damage on Giant Vesicles Membrane as a Result of Methylene Blue Photoirradiation, Biophys. J.  
2014, 106, 162–171.  
(4) Runas, K. A.; Malmstadt, N. Low Levels of Lipid Oxidation Radically Increase the Passive 
Permeability of Lipid Bilayers. Soft Matter 2015, 11, 499–505. 



Photo-Induced Lipid Oxidation Studies by High-Resolution NMR Spectroscopy  

A poster by Yu. E. Moskalenko, M. S. Baptista, C. M. Marques

Departamento de Bioquímica, Instituto de Química, Universidade de São Paulo, São Paulo, Brazil, 
and Institut Charles Sadron, CNRS, Strasbourg, France
Email: moskalenko.yulia@gmail.com

Lipid oxidation plays a central role in the life of the eukaryotic cells [1]. The products of lipid oxida-
tion, if uncontrolled, can have a deleterious effect on the functioning of the cell, and are known to 
be involved in a variety of diseases. Photosensitization reactions producing excited triplet oxygen 
species cause the chemical transformation of biological tissues and have been practically em-
ployed in photo-dynamic therapy, PDT. This work aims at understanding chemical and structural 
changes in phos-pholipids caused by photo-induced oxidation and seen in 1H, 13C, 2H and 31P 
NMR spectra.  
We study mono-unsaturated phospholipids in isotropic solutions, liposome suspensions and lamel-
lar phases being subjected to Methylene Blue (MB) photosensitization under red light illumination 
(630 nm). Under irradiation MB can interact with the molecular O in the solution and generate sin-
glet oxygen 1O2 species with high quantum yield. The reactive 1O2 species can further react with 
unsaturated bonds of phospholipids leading to a number of products [2,3,4]. As we show in this 
work, the type of oxidation products and their relative amount is regulated by the medium and by 
lipid organisation.  

[1] B. Halliwell, and J. M. C. Gutteridge. Free radicals in biology and medicine, 4th ed ed. Oxford 
University Press, Oxford, 2007. 
[2] G. Weber et al., Soft Matter (2014), 10, 4241. [3] J. Gabrielska et al. FEBS Lett. (2006) 580, 
2677. [4] D. Massiot et al. Magn. Res. Chem. (2002), 40, 70.  



Massive release of extracellular vesicles: a major side effect of photodynamic therapy 
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Photodynamic therapy (PDT) is an emerging cancer treatment that is particularly adapted for loca-
lized malignant tumor. Photo-activation of the photosensitive drug induces a massive production of 
reactive oxygen species, which are cytotoxic. In the clinical workflow, the phototherapeutic agent is 
generally injected in the bloodstream and circulates in the whole organism as a chemotherapeutic 
agent. Once activated through light triggering, localized therapeutic effects are induced. In addition 
to cytotoxic effect, we found that photodynamic therapy activated a massive production and emis-
sion of extracellular vesicles (EVs) from cancer cells. Only 1 hour after the photo-activation of 
meso-tetrahydroxyphenylchlorin (m-THPC or Foscan ®) photosensitizer, thousands of vesicles per 
cell were emitted in vitro, in the extracellular medium. Furthermore, we found that the released EVs 
could transfer extracellular membrane components, drugs and even intracellular objects to naive 
target cells. In vivo, photodynamic treatment increased the levels of circulating EVs in the blood-
stream several fold, confirming the vast induction of cancer cell vesiculation triggered by this can-
cer therapy. EV is the main messenger for cell- cell communication and exchange between intra-
cellular and extracellular compartments. In the context of cancer, EVs are known to be involved in 
the onset of metastasis, in particular by shaping pro-metastatic niches. Therefore, this massive re-
lease of cancer extracellular vesicles could have a dramatic impact of PDT-treated patient’s clinical 
outcome. 


