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Welcome from the Organisers
Dear Colleagues,
It is with great pleasure that we welcome you to Helsinki for the 6th European Joint Theoretical/Experimental Meeting on Membranes –
EJTEMM2018. We are happy that 64 participants from 14 countries are
meeting in Helsinki to share their knowledge, learn, discuss, and present
the results of their research.
The Meeting provides an active and interdisciplinary forum for exchanging
information and expertise, and to create personal contacts between
experimentalists, computational modellers and theoreticians interested in
lipid membrane based systems. The goals of the Meeting are to
strengthen links between research groups and promote closer
collaboration among experimentalists and theoreticians for developing
and utilizing novel methodological approaches for investigating and
building a better understanding of the structural, dynamic and functional
aspects of biomembranes.
We believe that the diverse range of oral and poster presentations will be
inspiring for all participants. We thank the speakers, those who have contributed posters and attendees for coming to the Meeting, and especially
the invited speakers for accepting our invitation despite financial
restrictions.
We wish you all an enjoyable time in Helsinki and a fruitful and stimulating
meeting.
Alex Bunker
Tapani Viitala
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Organisers
Local Organising Committee
Alex Bunker
Tapani Viitala
University of Helsinki
Faculty of Pharmacy
Drug Research Program
e-mail: alex.bunker2@gmail.com and tapani.viitala@helsinki.fi
tel.: +358 44 579 8997 and +358 50 415 4529

International Advisory Board
Burkhard Bechinger – CNRS and University of Strasbourg, France
Agnès Girard-Egrot – Claude Bernard Lyon University, France
Martin Hof – Czech Academy of Sciences, Czech Republic
Stefan Knippenberg – Royal Institute of Technology, Sweden
Alexander Lyubartsev – Stockholm University, Sweden
Michal Otyepka – Palacky University Olomouc, Czech Republic
Patrick Trouillas – University of Limoges, France

4

Acknowledgements/Sponsors
The EJTEMM2018 is organised by the support of University of Helsinki who have
generously provided their premises for organizing the meeting. We gratefully
acknowledge the support of the Doctoral Programme in Drug Research and the
Doctoral Programme in Materials Research and Nanosciences.
A special thanks goes to our great company sponsors – Bionavis, Kibron and
Larodan - for their support that enabled us to organize the Meeting.

Bionavis is a Finnish manufacturer of scientific
instruments based on Multi-Parametric Surface
Plasmon Resonance. The MP-SPR Navi
instruments are used for real-time label-free
measurements of molecular interactions as well
as nanolayer characterization. Besides traditional measurements of affinity and kinetics, MPSPR provides also insight into conformation changes via thickness and refractive index of the
nanolayers. MP-SPR allows experimental work directly on targets, on liposome vesicles, on
supported bilayers, on tethered bilayers and even on whole living cells. www.bionavis.com/life
Kibron was established in 1994 by some of the leading scientists
in the field of lipid films, with the aim to manufacture easy to
use, fast and accurate tensiometers and Langmuir
instruments. With the iterative nature of our research users and
their feedback we continually strive to improve our Langmuir
Trough products including engineering bespoke customer
systems specific to their application. We like to think of ourselves
as the “GOTO Experts” in the field of Langmuir Troughs and Thin Films so put us & our
technology to the test and see how Kibron Langmuir Troughs can help you.
http://www.kibron.com/
Larodan makes a comprehensive range of research grade
lipids for use as analytical standards and reagents for
customers all over the world. Our products include all sorts
of lipids, from simple fatty acids and methyl esters to
complex oxylipins, glycerides and phospholipids.
https://www.larodan.com/
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General information
Date and location
The 6th European Joint Theoretical/Experimental Meeting on Membranes –
EJTEMM2018 will take place from 12th to 14th December 2018 at the main
building of University of Helsinki (Fabianinkatu 33). The main building is entered
from the Fabianinkatu side (see Floor 1 plan below).

Language
The official language of EJTEMM2018 is English.
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Registration desk
The registration desk will be situated on the 2. floor of the main building of
University of Helsinki (see FLoor 2 plan below). The 2. floor is also the main
meeting floor where catering, exhibition and poster presentations are taking
place.

Hotel accommodation
Participants are requested to organize their accomodation by themselves.
Recommended hotels are:
 Original Sokos Hotel Helsinki, Kluuvikatu 8, Helsinki (200 m from meeting
venue, https://www.sokoshotels.fi/en/helsinki/sokos-hotel-helsinki)
 Hotel Arthur, Vuorikatu 19, Helsinki (500 m from meeting venue,
http://www.hotelarthur.fi/en/)

Oral presentations
Oral presentations on Wednesday 12. December takes place in the Small Hall
(Room 4050) on the 4. floor of the main building of University of Helsinki. Oral
presentations on Thursday 13. – Friday 14. December takes place in the Lecture
hall 13 on the 4. floor of the main building of University of Helsinki.
 The time allocated for each invited presentation is limited to 35 minutes,
plus 10 minutes of discussion (45 min in total). These are marked with
yellow colours in the ”Programme at a glance”.
 The time allocated for other oral presentations is limited to 20 minutes
plus 10 minutes of discussion (30 min in total, marked with green colours
in the ”Programme at a glance”) or 15 minutes plus 5 minutes of discussion
(20 min in total, marked with blue colours in the ”Programme at a glance”).
 A sponsor session where the meeting sponsors presents their products is
also scheduled for Thursday 13th December between 16:25-17:00 and is
marked with a pink colour in the ”Programme at a glance”.
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Posters
The poster sessions will take place on Wednesday 12th December and Thursday
13th December between 17:00 and 19:30. All posters will be presented on the 2.
floor of the main building of University of Helsinki. Posters should be mounted
before start of the first poster session on Wednesday 12th December and taken
The numbers found in the list of poster presentations (see pages 36-38)
correspond to the numbers on the poster boards.

Coffee breaks and lunches
Coffee, tea and cookies during coffee breaks and lunches will be served on the
2. floor of the main building of University of Helsinki.

Meeting Dinner
The meeting dinner will be held on Thursday 13th December between 20:00 –
23:30 at Restaurant Loiste located 700 m from the meeting venue (Address:
Asema-aukio 2). The restaurant is entered by taking the elevators in the main
lobby of the hotel.

Liability: The organisers cannot be held responsible for damage, loss or theft
during the conference.
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Program
Wednesday, 12. December
13:15 – 13:30
13:30 – 14:15

EJTEMM2018 Opening
Session 1 – Chair Alex Bunker
OP1 - Computer simulations and membranes: drug delivery
using pac-man like molecules and other stories
Mikko Karttunen, University of Western Ontario, Canada

14:15 – 15:00

OP2 - Scale-independent production of nanomedicines
Yvonne Perrie, University of Strathclyde, Scotland

15:00 – 15:30
15:30 – 16:00

COFFEE BREAK
Session 2 – Chair Krzysztof Murzyn
OP3 - Sodium and calcium cations interactions with neutral
phospholipid membranes and how to correctly simulate
them
Hector Martinez-Seara, Czech Academy of Sciences, Czech Republic

16:00 – 16:20

OP4 - The role of temperature and lipid composition in
modulating the interaction of gold nanoparticles with
model membranes
Fabio Lolicato, University of Helsinki, Finland

16:20 – 16:40

OP5 - Effect of Microfluidizer® pressure and cycle number
on AmB-liposome homogenisation and amphotericin B
incorporation
Rachel Donaghey, University of Strathclyde, Scotland

17:00 – 19:30

POSTER SESSION
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Thursday, 13. December
9:00 – 9:45

Session 3 – Chair Marta Pasenkiewicz-Gierula
OP6 - Regulation, functional analysis and assembly of
dimeric ATP synthases in mitochondria: the involvement of
cardiolipin
Sir John E. Walker, MRC Mitochondrial Biology Unit, United Kingdom

9:45 – 10:30

OP7 - Cell penetration and membrane fusion: Two sides of
the same coin
Pavel Jungwirth, Czech Academy of Sciences, Czech Republic

10:30 – 11:00
11:00 – 11:30

COFFEE BREAK
Session 4 – Chair Florent Di Meo
OP8 - MolMeDB - Molecules on membranes database
Karel Berka, Palacký University Olomouc, Czech Republic

11:30 – 11:50

OP9 - Antimicrobial agents targeting phospholipid bilayer
Daniela Uhríková, Comenius University in Bratislava, Slovakia

11:50 – 12:10

OP10 - Distinct roles of SNARE-mimicking lipopeptides
during initial steps of membrane fusion
Radek Šachl, Czech Academy of Sciences, Czech Republic

12:10 – 13:40
13:40 – 14:25

LUNCH
Session 5 – Chair Stefan Knippenberg
OP11 - Coarse-grained molecular simulation study of
liposomal stability
Wataru Shinoda, Nagoya University, Japan

14:25 – 14:55

OP12 - Particle-based membrane model for large-scale
reaction-diffusion simulations
Mohsen Sadeghi, Freie Universität Berlin, Germany

14:55 – 15:15

OP13 - Surface roughness and palmitoylation of
transmembrane helices influence membrane properties
Lukasz Cwiklik, Czech Academy of Sciences, Czech Republic

15:15 – 15:45
15:45 – 16:05

COFFEE BREAK
Session 6 – Johana Kuncova-Kallio
OP14 - N-terminal charge and C-terminal residues of
influenza fusion peptide are essential for membrane fusion
Remigiusz Worch, Polish Academy of Sciences, Poland

16:05 – 16:25

OP15 - Xenobiotics transport through membrane proteins
(ABC and SLC): A molecular dynamics simulation
Petra Čechová, Palacký University/University of Limoges, , Czech
Republic/France

16:25 – 17:00
17:00 – 19:30
20:00 – 23:30

Sponsor session
POSTER SESSION
Meeting Dinner (Restaurant Loiste, Asema-Aukio 2)
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Friday, 14. December
9:00 – 9:45

Session 7 – Chair Tapani Viitala
OP16 - Model development for multiscale modeling of
lipids and their interactions
Roland Faller, UC Davis, USA

9:45 – 10:30

OP17 - Single nanoparticle analytics: from viruses via
exosomes to drug carriers
Fredrik Höök, Chalmers University of Technology, Sweden

10:30 – 11:00
11:00 – 11:30

COFFEE BREAK
Session 8 – Chair Norbert Kucerka
OP18 - Combining NMR experiments and MD simulations
with open collaboration to model complex biomembranes
Samuli Ollila, Czech Academy of Sciences/University of Helsinki, Czech
Republic/Finland

11:30 – 11:50

OP19 - Computer assisted drug design: first steps towards
simulating drug targets against Alzheimer’s disease
Inna Ermilova, Stockhom´s University, Sweden

11:50 – 12:10

OP20 - Are nanodomains inter-leaflet coupled? An MC-FRET
study
Ivo Vinklárek, Czech Academy of Sciences, Czech Republic

12:10 – 13:40
13:40 – 14:25

LUNCH
Session 9 – Chair Patrick Trouillas
OP21 - How relevant are experimentally determined “inmembrane” oligomerization numbers of proteins for their
function? A lesson from the Fibroblast Growth Factor 2
Martin Hof, Czech Academy of Sciences, Czech Republic

14:25 – 14:55

OP22 - Effect of Lipid Phase on the Fluorescent and Nonlinear Optical Properties of Membrane Probes
Markéta Paloncýová, KTH Royal Institute of Technology, Sweden

14:55 – 15:15

OP23 - Partitioning of catechol derivatives in supported
lipid bilayers: implications for neurotransmitter
metabolism
Petteri Parkkila, University of Helsinki, Finland

15:15 – 15:30

EJTEMM2018 CLOSING
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Oral presentations

Oral presentation abstracts

The abstracts for oral presentations are presented in the same
order as in the conference program.
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Oral presentations

OP1
Computer simulations and membranes: drug delivery using pac-man like
molecules and other stories
Mikko Karttunen1,2
1

2

Department of Chemistry, the University of Western Ontario, London, Ontario, Canada
Department of Applied Mathematics, the University of Western Ontario, London, Ontario, Canada

E-Mail address: mkarttu@uwo.ca

The past 20 years have manifested the rise of computer simulations as a predictive tool in science and
engineering. No field demonstrates this better than biomolecular systems: simulations have allowed
for identification and discovery of molecular mechanisms and processes, and have created new
directions from research as beautifully demonstrated by the 2013 Nobel Prize in Chemistry for
“multiscale methods in complex systems”. Membranes pose lots of challenges for both experiments
and simulations. One advantage of simulations is, however, that they allow for investigations of
molecules that are inside membranes and on membrane surfaces, and subsequent identification of
the relevant interactions. Here, I will discuss our efforts in developing molecules for drug encapsulation
and delivery. We have used simulations to design new porphyrins for drug delivery liposomes. We used
atomistic molecular dynamics simulations to establish how the new porphyrins modify the bilayer
properties, can be used in light-triggered nanocarriers [1]. Their utility was then demonstrated
experimentally [1]. As a second topic, I will discuss modelling of membrane proteins, in particular ATPbinding cassette transporters. By combing atomistic simulations and EPR spectroscopy, we were able
to uncover the mechanisms controlling the dynamic conformational transitions of the ABC exporter
TM287/288 [2]. Finally, I will also provide some insight as how simulations should not be used [3,4].
References
[1] K. Carter, S. Shao, Matthew I. Hoopes, W. Song, H. Huang, G. Zhang, B. Asan, R.K. Pandey, B.A Pfeifer, J. Ortega,
M. Karttunen, J.F Lovell, Nat. Comm. 5, 3546 (2014).
[2] H. Göddeke, M. Hadi Timachi, C.A.J. Hutter, L. Galazzo, M.A. Seeger, M. Karttunen, E. Bordignon, L.V. Schäfer,
J. Am. Chem. Soc. 140, 4543-4551 (2018).
[3] J. Wong-ekkabut and M. Karttunen, BBA Biomembranes 1858, 2529 (2016).
[4] J. Wong-ekkabut, M.S. Miettinen, C.L. Dias and M. Karttunen, Nature Nanotech. 5, 555 (2016).

13

Oral presentations

OP2
Scale-independent production of nanomedicines
Yvonne Perrie
Strathclyde Institute of Pharmacy and Biomedical Sciences, The University of Strathclyde, Glasgow,
Scotland.
Email address: Yvonne.perrie@strath.ac.uk

Effective transport and delivery of active pharmaceutical ingredients is often key to ensuring a positive
patient outcome. A wide range of delivery systems have been developed to tackle the challenges and
biological barriers faced which can include non-specific distribution and inadequate accumulation of
therapeutics. This can result in higher doses being required and off-site toxicity. To address this, a wide
range of nanoparticle-based drug delivery platforms, such as liposomes, have been investigated.
Liposomes have been extensively investigated for the delivery of both hydrophobic and hydrophilic
drugs due to their hydrophilic core and hydrophobic bilayer structure. However, despite these
advantages, their wide-scale use as clinically approved products has remain limited to a small number
of high-cost products: key issues that has hindered their application is their cost-effective manufacture
and purification. This is also is a key limiting to the development of many other nano and micro-particle
based formulations.
Within our laboratories, we have been working to directly address this by developing new methods for
the rapid and cost-effective manufacture of liposomes and nanoparticles. We have explored a range
of microfluidic-based systems which can produce single dose samples through to continuous
manufacture of these drug delivery systems. During this presentation, different manufacturing and
purification methods will be discussed and considered for their ability to address the cost-effective and
scalable production of nanoparticulate drug delivery systems. Both point-of-care production and scaleindependent manufacturing will be explored with effective production methods and purification tools
outlined for liposomal and polymeric nanoparticles outlined.
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OP3
Sodium and calcium cations interactions with neutral phospholipid
membranes and how to correctly simulate them
Hector Martinez-Seara1
1

Institute of organic chemistry and biochemistry of the Czech academy of sciences, Prague, Czech
Republic

E-Mail address: hseara@gmail.com

The adsorption of metal cations modulates crucial biological functions to cellular membranes. Some
of these functions involve the interaction of membranes with charged moieties, the cell membrane
potential, or variations of cell volume. Cations such as sodium and calcium do this by altering surface
charge, head group region presentation, and membrane ordering in different ways. Therefore, if the
cells would be capable of regulating the absorption of cations to its surface, it could use this as a
mechanism to regulate all these structural features and related functions. One possible way for the
cell to do this is by adjusting the local lipid composition of their membranes. We have employed both
computer simulations and fluorescence techniques to study the adsorption of sodium and calcium
cations on neutral phosphatidylcholine (PC) bilayers. We find that whereas the stronger adsorption of
calcium is determined only by the available surface area of the membrane at a given cation
concentration, the transient sodium binding depends only on the number of PC head groups. We also
studied the effect of cholesterol in PC membranes. We observe an indirect role for cholesterol where
it enlarges the total membrane area, therefore, increasing calcium adsorption. However, it does not
affect the adsorption of sodium [1]. This difference suggests a potential mechanism for cells to
modulate ion–membrane interaction by optimizing their lipid composition.
This study also shows that slipids and charmm36 simulation force fields overbind sodium and calcium
cations to membranes when compared to experiments. This overbinding, standard in all non-tempered
(e.g., NBFIX) classical force fields, amplifies in simulations the impact of these cations to the membrane
structure and properties. Still, when using non-polarizable force fields, we can minimize this problem
by using the electronic continuum correction (ECC). This correction is a well-founded mean-field
correction where we introduce the missing electronic polarizability by scaling the partial charges in the
charged groups. The behavior of current force fields is drastically improved when charge-charge
interactions are critical with a zero overhead cost in the simulations. [2]
References
[1] M. Javanainen, A. Melcrová, et al A. Magarkar, P. Jurkiewicz*, M. Hof, P. Jungwirth and H. Martinez-Seara,
Chemical Communications, 53, 5380-5383 (2017)
[2] J. Melcr, H. Martinez-Seara, R. Nencini, J. Kolafa, P. Jungwirth, and O. H. S. Ollila, The journal of physical
chemistry B, 122, 4546-4557 (2018)
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OP4
The role of temperature and lipid composition in modulating the interaction
of gold nanoparticles with model membranes
F. Lolicato1, L. Joly 2, H. Martinez-Seara3, G. Fragneto3, J. Akola4 , M. Maccarini5 and I.
Vattulainen1
1University

of Helsinki, Helsinki, Finland
di Milano, Italy
3Academy of Sciences of the Czech Republic, Prague, Czech Republic
2Politecnico

4Institut
5Norwegian

Laue-Langevin, Grenoble, France

University of Science and Technology, Trondheim, Norway
6Université Grenoble Alpes, France

E-Mail address: Ilpo.Vattulainen@tut.fi

Monolayer-protected gold nanoparticles are emerging as promising candidates for drug delivery due
to their ability to permeate through plasma membranes [1-2]. Understanding the molecular
mechanisms of such complex systems is crucial to control cell permeation and to develop efficient
biomedical delivery applications based on nanoscale gold nanoparticles. Here, neutron reflectometry
(NR) and molecular dynamics (MD) simulations were used to shed light on the interaction between
cationic gold nanoparticles (AuNPs) and model lipid membranes and the consequences thereof.
Atomistic simulations predicted that there is a free energy barrier that has to be overcome to enforce
AuNPs to partition into a DSPC bilayer. NR experiments confirmed the prediction, showing that AuNP
encapsulation takes place only at temperatures higher than ~330 K. Meanwhile, in a mixture of DSPCDSPG (3:1), experiments showed that the adsorption of AuNPs to the membrane is weak; the
nanoparticles were readily released during annealing. Coarse-grained MD simulations used to
interpret this behaviour indicated that in this mixture DSPGs migrate around AuNPs, thereby
weakening their interaction with the surface and leading to detachment of AuNPs at high
temperatures. NR experiments also confirmed this by showing that in the presence of negative lipids
(DSPG), desorption of AuNPs is associated with a reduced coverage of the floating bilayer, suggesting
that some lipids, which comprise both DSPC and DSPG, are extracted and left the bilayer. Finally, the
results indicated that the crowding of lipids over the nanoparticles shields the electrostatic interaction
between cationic nanoparticles, thus fostering their aggregation on the membrane surface and driving
the membrane composition to be locally asymmetric, causing membrane instability.
References
[1] G.Rossi and L. Monticelli, Gold nanoparticles in model biological membranes: A computational perspective ,
Biochimica et Biophysica Acta 1858, 2380–2389 (2016).
[2] Authors, Book title, Editors, Publisher, City (Year).
C. Dreaden, et al. The golden age: gold nanoparticles for biomedicine, Chem. Soc. Rev. 41, 2740–2779 (2012).
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OP5
Effect of Microfluidizer® pressure and cycle number on AmB-liposome
homogenisation and amphotericin B incorporation
Donaghey, R1, Berrie, G1, Sorrentino, A1, Webb, C1, Su, Y2, Perrie, Y1
1

Strathclyde’s Institute of Pharmacy and Biomedical Science, The University of Strathclyde, 161
Cathedral Street, Glasgow, UK G4 0RE
2
Microfluidics International Corporation, Westwood, Massachusetts, 02090, United States

E-Mail address: Yvonne.perrie@strath.ac.uk

Introduction: Liposomes are vesicular structures which mimic the cell membrane. These can be used
to deliver drugs leading to improved safety and bioavailability. A key factor limiting their clinical
availability is the lack of industrial-scale manufacturing processes. The aim of this research is to test
the suitability of Microfluidizer® technology for scale-independent liposome processing.
Methods: Amphotericin B (AmB)-liposomes were synthesised and subsequently processed using a
Microfluidizer (M-110P) at pressures ranging from 15-30k psi, for up to 5 cycles. The effect of pressure
and cycle number on size, polydispersity index (PDI) and AmB entrapment was determined.
Results: The Microfluidizer technology significantly reduced liposome size and PDI with increasing
cycle numbers until a plateau was reached (Fig. 1A and B). The minimum size achieved at each pressure
was 265 ± 27, 268 ± 48, 227 ± 15 and 164 ± 19 d.nm at 15, 20, 25 and 30k psi, respectively. Regardless
of pressure, processing for 5 cycles was observed to increase AmB incorporation to ~100 % (Fig. 2).
Conclusions: Homogeniser technology using Microfluidics offers a method to control liposomal
particle size and improve the incorporation of lipophilic drugs such as amphotericin B.

Fig. 1: Effect of pressure and Microfluidizer cycle number on AmB-liposome A) size and B) PDI (n = 3; ± SD)

Fig. 2: Effect of pressure and Microfluidizer cycle number on AmB entrapment within liposomes
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OP6
Regulation, functional analysis and assembly of dimeric ATP synthases in
mitochondria: the involvement of cardiolipin
John E. Walker
MRC Mitochondrial Biology Unit, Cambridge CB2 0XY, UK
E-mail: walker@mrc-mbu.cam.ac.uk

Several recent contributions contribute towards a molecular description of the interface between the
membrane domain of the rotor of ATP synthase where the trans-membrane proton pathway is thought
to lie, including our own studies by X-ray crystallography [1] and electron cryo-microscopy [2,3] of
various intact ATP synthases. They indicate that the proton pathway is provided by polar residues in
trans-membrane α-helices in the a-subunit that are tilted at 30o to the plane of the membrane.
Cardiolipin molecules that bind briefly to specific sites near to the exit of the pathway are likely to
participate in the release of the protons in the mitochondria [4], but not in chloroplasts. One important
issue is how is this proton pathway assembled? Recent experiments show that the proton pathway in
human mitochondria is assembled so as to avoid the partially assembled enzyme acting in hydrolytic
mode, and also to avoid the proton motive force being dissipated. Dimerisation of the complex is
coincident with formation of the proton channel, and dimers associate into oligomers of dimers in a
subsequent step [5]. It is increasingly unlikely that the necrotic cell death mechanism via the
permeability transition pore is associated with the ATP synthase complex [6,7].
References
1. Morales-Rios, E., Montgomery, M. G., Leslie, A. G. W. & Walker, J. E. (2015). Structure of ATP synthase from
Paracoccus denitrificans determined by X-ray crystallography at 4.0 Å resolution. Proc. Natl. Acad. Sci. U. S. A.
112, 13231-13236.2.
2. Zhou, A., Rohou, A., Schep, D. G., Bason, J. V., Montgomery, M. G., Walker, J. E., Grigorieff, N. & Rubinstein, J.
L. (2015). Structure and conformational states of the bovine mitochondrial ATP synthase by cryo-EM. eLife. 4.
3. Vinothkumar, K. R., Montgomery, M. G., Liu, S. & Walker, J. E. (2016). Structure of the mitochondrial ATP
synthase from Pichia angusta determined by electron cryo-microscopy. Proc. Natl. Acad. Sci. U. S. A. 113,
12709-12714.
4. Duncan, A. L., Robinson, A. J. & Walker, J. E. (2016). Cardiolipin binds selectively but transiently to conserved
lysine residues in the rotor of metazoan ATP synthases. Proc. Natl. Acad. Sci. U. S. A. 112, 8687-8692.
5. He, J., Ford, H. C., Carroll, J., Douglas, C., Gonzales, E., Ding, S., Fearnley, I. M. & Walker, J. E. (2018). Assembly
of the membrane domain of human ATP synthase. Proc. Natl. Acad. Sci. U. S. A. 115, In press.
6. He, J., Ford, H. C., Carroll, J., Ding, S., Fearnley, I. M. & Walker. J. E. (2017). Persistence of the mitochondrial
permeability transition in the absence of subunit c of human ATP synthase. Proc. Natl. Acad. Sci. U. S. A. 114,
3409-3014.
7. He, J., Carroll, J., Ding, S., Fearnley, I. M. & Walker. J. E. (2017). Permeability transition in human mitochondria
persists in the absence of peripheral stalk subunits of ATP synthase. Proc. Natl. Acad. Sci. U. S. A. 114, 90869091.
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OP7
Cell penetration and membrane fusion: Two sides of the same coin
Pavel Jungwirth
Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Flemingovo nám. 2,
16610 Prague 6, Czech Republic
E-mail: pavel.jungwirth@uochb.cas.cz

Cell penetrating peptides have a unique potential for targeted drug delivery, therefore, mechanistic
understanding of their membrane action has been sought since their discovery over 20 years ago.
While ATP-driven endocytosis is known to play a major role in their internalization, there has been also
ample evidence for the importance of passive translocation for which the direct mechanism, where
the peptide is thought to directly pass through the membrane via a temporary pore, has been widely
advocated. In this talk, I will question this view and demonstrate that arginine-rich cell penetrating
peptides can instead enter vesicles and cells by inducing multilamellarity and fusion, analogously to
the action of calcium ions. The molecular picture of this penetration mode, which differs qualitatively
from the previously proposed direct mechanism, is provided by molecular dynamics simulations. In
addition, the kinetics of vesicle agglomeration and fusion by nonaarginine, nonalysine, and calcium
ions are documented in real time by fluorescence techniques and the induction of multilamellar phases
in vesicles and cells is revealed both via electron microscopy and fluorescence spectroscopy. We thus
show that the newly identified passive cell penetration mechanism is analoguous to vesicle fusion
induced by calcium ions, demonstrating that the two processes are of a common mechanistic origin.

19

Oral presentations

OP8
MolMeDB - Molecules on membranes database
J. Juračka, M. Šrejber, V. Bazgier, K. Berka
1

Regional Centre of Advanced Technologies and Materials, Department of Physical Chemistry,
Faculty of Science, Palacký University Olomouc, tř. 17, listopadu 12, 771 46 Olomouc, Czech Republic
E-Mail address: karel.berka@upol.cz

Biological membranes act as a barriers or reservoirs for many compounds within a human body. They
play an important role in pharmacokinetics of drugs and other molecular species. Until now, most
membrane/drug interactions are still inferred from simple partitioning between octanol and water
phases. However, the variability among membrane composition and among compounds themselves is
beyond such simplification as there are multiple drug-membrane interactions [1]. Nowadays there is
also a numerous experimental and theoretical approaches how to obtain them with variable accuracy,
but there is no resource for their critical comparison. For this reason, we have built “Molecules on
Membranes Database” (MolMeDB), that collects data about compound-membrane interactions
including partitioning, penetration, and free energy profiles of drug crossing the membrane along
membrane normal (Figure 1). Input info is collected from scientific articles published in peer-review
journals and we added our inhouse calculations of free energy profiles and relevant partitioning and
penetration properties from high-throughput COSMOmic [2] approach to set up a baseline for further
comparison. Data in the MolMeDB are fully searchable and browsable by means of name, SMILES,
membrane, method, or dataset and we offer collected data openly for further reuse. MolMeDB
(http://molmedb.upol.cz) is a powerful tool for better comparison of individual approaches used for
study of molecule/membrane interactions and for the community to evaluate the role of membranes
in pharmacology.

Fig. 1: Comparison of free energy profiles of estrone and estriol shows that estriol penetration is hindered by
higher penetration barrier in the middle of the membrane.
References
[1] Di Meo F et al. Pharmacol. Res., 111, 471–486 (2016).
[2] Klamt A et al. J. Phys. Chem. B, 112, 12148-57 (2008).
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OP9
Antimicrobial agents targeting phospholipid bilayer
D. Uhríková1, M. Bastos2, L. Hubčík1, A. Čalkovská3, J. Teixeira4, S.S. Funari5
1

Department of Physical Chemistry of Drugs, Faculty of Pharmacy, Comenius University in Bratislava,
832 32 Bratislava, Slovakia
2
Department of Chemistry and Biochemistry, Faculty of Sciences, University of Porto, 4169-007
Porto, Portugal
3
Department of Physiology, Jessenius Faculty of Medicine in Martin, Comenius University in
Bratislava, 036 01 Martin, Slovakia
4
Laboratoire Leon Brillouin (CEA-CNRS), CEA Saclay, 91191 Gif sur Yvette Cedex, France
5
HASYLAB, DESY, 226 07 Hamburg, Germany

E-Mail address: uhrikova@fpharm.uniba.sk

The World Health Organization recognizes antimicrobial resistance as alarming threat to human
health. Emergence of bacterial pathogens with acquired resistance to almost all available antibiotics is
a growing medical concern. The major challenge is regarding the treatment of multidrug resistant
Gram-negative bacteria. Consequently, there has been a resurgence of old antibiotics, such as
polymyxins discovered in the 1940s, despite their toxicity. These facts have made it necessary to launch
efforts towards discovering new substances and their antimicrobial mechanism. We will discuss
similarity in the mechanism of antimicrobial activity of two different agents:
Cecropin A-melittin (CAM) is hybrid peptide composed of the cationic region of cecropin A and the
hydrophobic and non-haemolytic region of melittin. We studied the mechanisms of antimicrobial
activity of CAM using small angle X-ray (SAXS) and neutron scattering (SANS). Unilamellar vesicles
prepared from a mixture of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine and 1-palmi-toyl2-oleoyl-glycero-3-phosphoglycerol (POPE/POPG=3:1 mol/mol) were used as a model of bacterial
membrane. SAXS experiments revealed that CAM destroys the vesicle due to adsorption to its surface,
and induces a tightly packed multilamellar arrangement. SANS revealed changes in the lipid bilayer
thickness and the membrane stiffening [1].
Polymyxin B (PxB), a cyclic amphipatic decapeptide, is primarily used in clinical practice as drugs of last
resort for the treatment of infections caused by Gram-negative pathogens. In addition, PxB improves
the surface properties of exogenous pulmonary surfactant. Pulmonary surfactant (PS) is a mixture of
lipids and four lung specific proteins that lines the interior of the lung alveoli and acts to lower
interfacial tension. After inhalation, bacterial endotoxin, lipopolysaccharide (LPS) interferes with PS.
We evaluated functional and structural changes of a clinically used modified porcine pulmonary
surfactant (PPS) in the presence of LPS and PxB using pulsating bubble surfactometer, optical microscopy,
and X-ray scattering (SAXS/WAXS). LPS bound to the lipid bilayer of PPS and disturbed its lamellar
structure by swelling. The structural changes were attributed to the surface charge unbalance of the
lipid bilayers due to LPS insertion. PxB acts as an inhibitor of structural disarrangement induced by LPS
and restores original lamellar packing, as we detected by SAXS [2].
Acknowledgements. SAXD experiments were performed at BL11-NCD beamline at Alba Synchrotron with the
collaboration of Alba staff. Experiments were supported by projects APVV-17-0250, JINR 04-4-1121-2015/2020
and VEGA 1/096/16.
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A model system for membrane fusion, inspired by SNARE proteins and based on two complementary
lipopeptides CPnE4 and CPnK4, has been recently developed [1]. It consists of cholesterol (C), a
poly(ethylene glycol) linker (Pn) and either a cationic peptide K4 (KIAALKE)4 or an anionic peptide E4
(EIAALEK)4. In this work, fluorescence spectroscopy is used to decipher distinct but complementary
roles of these lipopeptides during early stages of membrane fusion. Molecular evidence is provided
that different distances of E4 in CPnE4 and K4 in CPnK4 from the bilayer represent an important
mechanism, which enables fusion. Whereas E4 is exposed to the bulk and solely promotes membrane
binding of CPnK4, K4 loops back to the lipid-water interface where it fulfils two distinct roles: it initiates
bilayer contact by binding to CPnE4 containing bilayers; and it initiates fusion by modulating the bilayer
properties. The interaction between CPnE4 and CPnK4 is severely down-regulated by binding of K4 to the
bilayer and possible only if the lipopeptides approach each other as constituents of different bilayers.
When the complementary lipopeptides are localized in the same bilayer, hetero-coiling is disabled.
These data provide crucial insights as to how fusion is initiated and highlight the importance of both
peptides in this process.
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I would like to talk on our recent research activities to construct a quantitative coarse-grained force
field for a simulation of a large-scale membrane system containing heterogeneous vesicle. The CG
model, coined as SPICA (Surface Property fItting for Coarse grained) force field, is designed to
reproduce several key thermodynamics properties to characterize the membrane morphology, such
as surface/interfacial tension, solvation/transfer free energies, area expansion and bending moduli, as
well as detailed molecular structure as obtained from all-atom molecular dynamics simulations. [1] We
have launched a web page that provides information on the SPICA force field. (http://www.spicaff.org)
This CG model allows us to investigate (semi-)quantitatively the effect of lipid components on the free
energy changes due to the membrane deformation and the topological changes (membrane fusion).
Lipid sorting observed in response to the change in membrane curvature does affect the free energy
barrier importantly. Domain formation induced by sphingomyelin and/or cholesterols were also well
reproduced in the present CG model. Discussion will be made for registered/anti-registered domain
formation, depending on the lipid components. Time permitted, extension of our CG model to
protein/peptides as well as polar water modelling will also be presented.

Fig. 1: Multilamellar vesicle formation during 2 μs (effectively 20μs) CG-MD simulation
References
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We have developed a computationally efficient coarse-grained membrane model, to be used in
concert with particle-based reaction-diffusion simulations [1]. The model is purely based on
nearestneighbor interactions between particles that each represent a coarse patch of a lipid
monolayer. Interaction potentials are parameterized so as to reproduce the local membrane
mechanics, whereas the in-plane fluidity is implemented with Monte Carlo bond-flipping moves. To
tackle different kinetics of in-plane and out-of-plane degrees of freedom, and to achieve a realistic
model of membranes suspended in solvents, we have also developed an anisotropic Langevin solver.
Exact solutions of Stokes equations are used to obtain diffusion tensors for membrane particles in
different geometries. While drastically increasing the available integration time step, this approach
also allows for modeling hydrodynamic interactions mediated by the solvent. Different aspects of the
model are put to the test through studying equilibrium thermal undulations, isothermal area
compressibility, diffusion and viscosity, dispersion relations, and interaction of the bilayer membrane
with nanoparticles (Fig. 1a) or curvature-inducing proteins (Fig. 1b). We expect this model to be of high
practical usability in the context of ultra coarse-grained interacting particle reaction-diffusion (iPRD)
simulations of biological systems [2].

Fig. 1: Examples of simulations performed using the particle-based membrane model: (a) spherical nanoparticle
being wrapped by the membrane due to surface adhesion, (b) clustering of curvature-inducing membrane
bound proteins pointing to attractive membrane-mediated interactions.
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It is widely accepted that large multi-pass proteins influence membrane structure and dynamics. On the other
hand, biological membranes are densely populated by small single-pass proteins. While such bitopic species may
constitute up to half of all transmembrane proteins, their influence on membrane properties is not well
understood. Moreover, transmembrane proteins are commonly post-translationally palmitoylated. It is
postulated that palmitoylation plays a crucial role in helix-membrane interactions, yet the details are still elusive.
To address these issues, we study small transmembrane helical peptides in model lipid bilayers using combined
experimental and computer simulation approaches.
We demonstrate that synthetic single-pass transmembrane helices interfere with the mobility of membrane
components via trapping of lipid acyl chains at their rough surface resulting in increased local membrane
viscosity. The effect is more pronounced in membranes containing cholesterol which segregates from the rough
surface of transbilayer helices. This may contribute to the formation or stabilization of membrane
heterogeneities.
Regarding palmitoylation, we reveal that palmitoyl chains of the naturally doubly-palmitoylated PAG peptide
have a complex influence on the membrane. In particular, they cause local membrane thickening, interleaflet
coupling and, somewhat counterintuitively, increased membrane hydration.
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Influenza virus hemagglutinin is a trimeric, single-span transmembrane protein and is solely involved
in membrane fusion between the viral envelope and the endosomal membrane of the infected host
cell. It is composed of two subunits, HA1 and HA2, which are created by the proteolytic cleavage of
hemagglutinin precursor HA0. The N-terminal fragment of the viral hemagglutinin HA2 subunit is
termed a fusion peptide (HAfp). It possess a charged, amine N-terminus and contains three C-terminal
W21-Y22-G23 residues which are highly conserved among serotypes of influenza A. HAfp1-23 has
been shown to form a tight helical hairpin very distinct from the boomerang structure of a shorter
HAfp1-20.
We studied the effects of peptide length and N-terminal charge on fusion properties, structural
dynamics, and binding to the membrane interface by means of various fluorescence microscopic and
spectroscopic techniques [1, 2]. We developed a novel fusion visualization and quantification assay
based on FLIM microscopy on giant unilamellar vesicles (GUV) and observed that amine-termed HAfp123 possesses the highest fusogenic activity among all peptides studied. We found that stronger binding
of peptides to membrane interface, measured by means of intrinsic tryptophan fluorescence, does not
correlate with fusogenic activity. Higher fusogenity was related with stronger induction of membrane
disorder measured by fluorescence lifetime of tail-labeled lipid analogue (C6-NBD-PE) what was also
corroborated by molecular dynamics simulations, performed in parallel. Moreover, we report
cholesterol-enriched domain formation induced exclusively by the longer fusion peptide with
positively charged N-terminus [1]. We speculate that lipid sorting activity of HAfp1-23 may be an
important factor inducing non-planar conformations of lipids what may contribute to lowering of
energy barrier for membrane fusion.
Acknowledgements.
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The cell membrane is a complex system containing a broad range of lipids and proteins, which
constitutes a barrier/filter from outer to inner compartments. When approaching membranes,
xenobiotics can either affect the membrane itself (membrane proteins or even lipid bilayer) or cross
the membrane (either passively or through membrane proteins) to reach the cytoplasm where they
produce their biological activity [1]. Thanks to the continually growing number of membrane protein
X-ray structures available in databases, a molecular understanding of xenobiotic membrane crossing
through membrane proteins is now achievable. However, experimental data still provide fragmented
knowledge and molecular dynamics (MD) simulations can support the description of this process by
using robust molecular models of membranes. MD simulations have allowed study xenobioticmembrane or xenobiotic-protein interactions with increasing space and time resolution.
There are two major superfamilies of membrane xenobiotic transporters, namely ATP-Binding Cassette
(ABC) and Solute Carrier (SLC) transporters. ABC transporters use the energy from ATP-hydrolysis to
transport xenobiotics across membranes through process which requires large conformational
changes. Here, we show how biased-MD simulations can provide relevant milestones of this
supramolecular process. Based on a prototypical example, namely the exporter ABCC4/MRP4, we
show how MD simulations allow deciphering the impact of polymorphisms on drug efflux and related
toxicity [2].
The SLC superfamily consists of 65 families, which are either facilitative or secondary transporters.
However, only 57 crystal structures of SLC proteins are currently available, giving space to homology
models and MD simulations to evaluate the structural properties of the rest of the group members.
The Organic Anion Transporting Polypeptides (OATPs, family SLC21) are ATP and sodium independent
influx carriers of charged organic molecules, including bile acids, thyroid hormones and a variety of
drugs. Here we present a homology model of the OATP1B1 transporter, embedded in a membrane,
which allows to describe the structure-function relationship and drug-protein interaction.
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We present the development and application of different models for lipids and their interactions with
the environment on different scales.
Particularly supported Lipid Bilayers are an abundant research platform for understanding the
behavior of real cell membranes. We studied systematically the changes that a support induces on a
phospholipid bilayer using coarse-grained molecular modeling on different levels. We characterize the
density and pressure profiles as well as the density imbalance inflicted on the membrane by the
support. Changes in the pressure profile can explain the problems of integrating proteins into
supported membranes. These results are allowing us to more rationally design biosensors and drug
delivery vehicles and even propose a novel class of drug delivery vehicles.
We also present a coarse-grained MARTINI model for methylene blue (MB) and investigate the
interactions of MB with lipid bilayers. Our results show that the charge state of MB and the oxidation
degree of the DOPC bilayer play critical roles on membrane properties. Oxidation of the DOPC bilayer
significantly increases permeability of water and MB molecules, irrespective of the charge state of MB.
The most significant changes in membrane properties are obtained for peroxidized lipid bilayers in the
presence of cationic MB, with ∼11% increase in the membrane area per lipid head group and ∼7 and
44% reduction in membrane thickness and lateral diffusivity, respectively
Using an atomic-level molecular dynamics model we studied the effects of a plant sterol (sitosterol)
and glucosylceramide (GlcCer) on a 1,2-dilinoleoylposphocholine (DLiPC) membrane. Initially, a
membrane containing 50 mol% sitosterol was compared with that containing the same ratio of
cholesterol. These simulations showed differential condensing and ordering effects of sitosterol and
cholesterol, with cholesterol being slightly more efficient than sitosterol in packing the membrane
more tightly to a liquid ordered phase. By incorporation of 9.3% GlcCer on DLiPC/sterol membrane no
notable change was observed in terms of area per lipid, bilayer thickness, order parameter and lateral
diffusion. Some clusters of GlcCer/sterol were observed at higher ratio of GlcCer (15.5%), supporting
the existence of GlcCer/sitosterol-enriched Lo-domains on the nanometer scale in the plant lipid
mixture.
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Next generation drug-delivery vehicles aimed to carry biological drugs, such as proteins or nucleic
acids, are often designed to mimic how natural biological nanoparticles, such as viruses and exosomes,
transfer genetic information between cells in vivo. Due to the large heterogeneity of nanoparticles
irrespective of whether they are of biological or artificial origin, it is crucially important to advance
analytical instrumentation to complement ensemble averaging methods[1] with single nanoparticle
analytical approaches. A large set of tools with single-nanoparticle sensitivity is now available, to which
we recently contributed a concept that enables simultaneous fluorescent and scattering-based labelfree imaging of surface-bound biological nanoparticles [2]. Examples will be shown that illustrate the
use of this scattering microscopy concept to i) investigate supported lipid bilayer formation, ii) labelfree measurements of protein binding to individual liposomes, iii) characterize DLVO-controlled nonspecific interactions at cell-membrane mimics,[3] and detergent free enrichment of pre-defined
membrane proteins in crude cell membranes.[4] By using a two dimensional fluid supported lipid
bilayer, to which biological nanoparticles are directly anchored and imaged, we have also developed a
new means to simultaneously determine both nanoparticle size and fluorescence / scattering
intensity,[5] which may potentially offer flow-cytometry-like sorting based on distinct features of
individual nanoparticles. This 2D flow nanometry concept will be discussed in the context of improved
characterization of individual biological nanoparticles of diagnostic and therapeutic significance.
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Chemical details of lipid headgroups and their interactions with ions are of paramount importance in
biological signaling processes. NMRlipids (nmrlipids.blogspot.fi) is an Open Collaboration project to
understand lipid headgroup structures and ion binding to lipid bilayers with unprecedented detail by
combining NMR data and molecular dynamics simulations. The massive amount data of data collected
using the Open Collaboration method has revealed, for example, that none of the available MD
simulation models correctly reproduced the lipid headgroup structures or cation binding details, the
main artefact being the overestimated cation binding affinity to lipid bilayers [1,2]. Recently we were
able to correctly reproduce the cation binding details to PC lipid bilayers by implicitly including the
electronic polarizability into the MD simulation models using the electronic continuum correction [3].
Similar studies are ongoing within the NMRlipids project for membranes containing cholesterol, PE, PS
and PG lipids [4,5]. The detailed intermolecular interactions between different lipid species, revealed
by these studies, pave the way for accurate modeling of complex biomembranes. We have also
collected the largest publicly available database of MD simulations which can be accessed via
www.nmrlipids.fi. The database can be used not only in force field comparison and development, but
also in novel machine learning applications. It also brings the high-quality MD simulation data available
for wide range of audience beyond MD simulation experts.
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Diseases such as Alzheimer’s (AD) and Parkinsson’s diseases, cancer, Down’s syndrome, diabetes and
even cardiovascular diseases are related to one known chemical phenomenon which is the aggregation
of amyloid-β (Aβ) proteins [1-2]. The chemistry behind this process is not known for sure that makes
it very attractive for studies by computer simulations. For this purpose, we have carried out molecular
dynamics simulations using several different models and approaches. Since Aβ proteins are quite large
molecules Aβ peptides (Aβ(25-35), Aβ(1-28) and Aβ(26-40)) were used instead of them. Our model
membranes had various compositions: from mono-lipid systems to systems consisting of four lipids
loaded with cholesterol. The idea behind more complex membranes have been to come closer to the
composition of real neural membranes in a grey matter of a healthy and AD human brains [3-4]. Allatomistic molecular dynamics and well-tempered metadynamics simulations using SLipids force field
(FF) [5] for phospholipids and General Amber FF [6] for peptides and drug-molecules have been used
to understand behaviour of different species depending on environment and determine possible drug
targets for treating the disease.
All peptides have shown a tendency to aggregate but different preferential positioning towards the
membrane. Saturation of lipid bilayer “makes” the peptide to stay closer to the bilayers’ surfaces and
even residing in water while the lack of saturation is driving the peptides closer to the bilayer centre.
High content of cholesterol “prevents” the peptides from coming closer to the bilayers’ centres.
From the drug testing we can note compounds such as Δ9-tetrahydrocannabinol (THC-9) and
Simvastatin: they have shown possibilities for stronger interactions with peptides. Simvastatin has
even decreased the aggregation of Aβ(25-35) and Aβ(26-40) in complex systems loaded with
cholesterol.
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Department of Biophysical Chemistry, J. Heyrovský Institute of Physical Chemistry of the Academy
of Sciences of the Czech Republic, 182 23 Prague, Czech Republic;
2
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Science,
Moscow, GSP-7, Russian Fed

E-Mail address: vinklarekivo@gmail.com

Plasma membranes of living cells are compartmentalized into small sub-microscopic structures
(nanodomains) with potentially relevant biological functions. Despite this fact very little is known
about these nanodomains, mainly due to difficulties to characterize such small dynamic entities. For
instance, it is totally unclear whether nanodomains found in the upper bilayer leaflet are transversally
registered with those found in the lower leaflet. Experiments performed on large microscopically sized
domains indicate that coupling between the leaflets is strong, forcing the domains to be in perfect
registration. But can the same thing be said about biologically more relevant nanodomains? This work
provides an experimental evidence that even the small nanodomains of variable sizes between 10 and
160 nm are inter-leaflet coupled. Importantly, the remaining scenarios of partially registered,
independent or anti-registered nanodomains could unambiguously be excluded.

Fig. 1: Basic principles of FRET underlying the detection of nanodomains.
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In-membrane aggregation of peptides and proteins is in many cases related to their function. As
examples may serve the antibacterial peptide alamethicin active against Gram-positive bacteria and
fungi, the Bcl-2 associated X protein (BAX) which is one of the most important proteins in the intrinsic
pathway of apoptosis or the Fibroblast Growth Factor 2 (FGF2), a protein that has many biological
functions from wound healing, cell differentiation to functioning as a signalling molecule in tumorinduced angiogenesis. All these three examples have in common that a key step connected to their
function is that the in-membrane oligomerisation of the peptide/proteins is leading to pore formation.
Consequently, researcher have used all kind of microscopic or spectroscopic techniques to characterize
such in-membrane aggregates of such peptides and proteins and intuitively connected the obtained
aggregation numbers with the formation of a functional pore. The question however is, whether this
intuitive connection indeed holds?
We address this question investigation the FGF2 [1], which is in order to execute its extracellular
functions secreted from cells by an unconventional, ER/Golgi-independent pathway. Based on mainly
biochemical assays, it has been suggested that FGF2 oligomerizes into pores at cellular plasma
membranes from which it is released into the extracellular space. To study the process of
oligomerization in detail we have developed a fluorescence approach which combines determination
of protein oligomeric state by the analysis of brightness of individually diffusing oligomers and a
leakage assay performed on giant unilamellar vesicles (GUVs) [2] into a single method. This enables to
monitor FGF2 oligomerization selectively on leaky vs. non-leaky GUVs, i.e. on such GUVs that are
containing or missing membrane pores. Moreover, the oligomerization state of FGF2 can be monitored
on the same GUV over time, which allows for correlating the formation of pores to the oligomerization
of FGF2.
We show that solely determining aggregation numbers gives very limited information on the
characteristics of the pore formation process. On the contrary the statistics of our data implies that
some published in-membrane aggregation numbers might be not really physiological relevant.
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In order to study bioenvironments and processes in them, one should pay a significant attention to
lipids: although biotransformation takes place mostly in enzymes, a large part of the enzymes is
attached to lipid membranes. Further, both biomolecules and xenobiotics need to cross a variety of
lipid membranes in order to reach their biological target. Therefore, the behaviour of lipids in terms of
formed phases, or the interactions of molecules with lipids and impact of these phenomena on other
properties, is of a crucial importance in molecular cell biology.
For studying membrane phases, a diphenylhexatriene (DPH) probe is often used. DPH partitions in
both liquid-disordered (Ld, Lα) and liquid-ordered (Lo) phases, but its spectroscopic properties in these
phases differ and therefore could be used for phase recognition. Up from the end of the 1970s, the
behaviour of DPH in lipid membranes has been described by a wobbling-in-a-cone model [1] where
restriction of the probe motion by the environment is proposed, which affects the fluorescence
anisotropy both in terms of its steady-state value, as well as its decay. According to experimental
results, DPH has two populations in the membrane – one parallel to the lipid tails and one parallel to
the membrane plane which is located in the membrane middle. Although in some other studies this
has been discussed, in our molecular dynamics (MD) simulations, we also observe a population of DPH
which lies in the membrane middle and stays there for several ns, in agreement with experiments. We
analyse in detail the individual terms of the predicted anisotropy decay, the wobbling-in-a-cone model
and the impact of membrane phase in which DPH is present.
We investigate in detail the behaviour of DPH in order to evaluate the usefulness of the wobbling-ina-cone model for other fluorescent membrane probes, especially DiD derivatives. Compared to the
DPH probes, DiDs are differently oriented in lipid membranes: the transition dipole moments of the
DiDs are oriented almost parallel with the membrane plane. We place the DiDs in lipid membranes of
different phases [2], where the fluorescence anisotropy decay has been modelled: We extract the
residual anisotropies, cone angles, and rotational correlation times and relate them to the lipid phase.
The application and interpretation of the wobbling-in-a-cone model is indeed not straightforward for
DiD, which is due to the differences in behaviour with respect to the role model of DPH.
Furthermore, we extract various snapshots from the obtained MD simulations and apply an extensive
hybrid quantum mechanics/molecular mechanics (QM/MM) approach to investigate the impact of the
environment on the probe’s fluorescent properties as well as on the non-linear optical properties. We
simulate two photon absorption (TPA) and second harmonic generation, and evaluate the effect of the
membrane and the membrane phase upon the spectra and optical properties [3]. In general, through
the impact of the surrounding environment, we find that the significant changes in spectroscopic
properties can be used to identify the lipid phase and lipid bilayer composition.
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Membrane-bound isoform of catechol-O-methyltransferase (MB-COMT) has a key role in the
metabolism of catechol-group-containing substrates in the endoplasmic reticulum of postsynaptic
nerves. Inhibitors of COMT have been traditionally utilized to prevent the methylation of L-dopa,
currently the most effective drug in the treatment of Parkinson’s disease. However, mechanisms for
the specificity of drugs towards MB-COMT versus its soluble form (S-COMT) have been unknown. MBCOMT has 100-fold higher affinity towards the catecholamine substrates [1]. We have recently
suggested that a favorable orientation of the substrates and inhibitors in the lipid membrane
headgroup region is a crucial feature for MB-COMT specificity [2]. Increased hydrophobicity of the
catalytic site upon binding of S-adenosyl methionine cofactor brings the site closer to the membrane
where these compounds reside. In addition to the orientation of the compounds in the lipid bilayer,
strength of partitioning in the seems to be another important feature in determining the efficacy of
catechol derivative metabolism by MB-COMT. The previous study concluded that dopamine and Ldopa have a strong preference towards lipid head groups [3].
We use impedance-based quartz crystal microbalance (QCM-Z) and surface plasmon resonance (SPR)
techniques to study partitioning of neuroactive compounds relevant to the catalysis of catechol
derivatives: dopamine, L-dopa, 3-methoxytyramine (methylated form of dopamine), entacapone and
tolcapone (inhibitors). As model membranes, we used DOPC, DOPC/DOPS (negatively charged),
DOPC/Sphingomyelin/Cholesterol (outer leaflet model) and DOPC/DOPE/DOPS (inner leaflet / ER
model).
From initial studies using QCM-Z, we have found that the partition coefficients of dopamine range from
50 to 160, depending on the membrane composition. This supports the pioneering studies that have
found the catecholamine specificity towards MB-COMT being 100-fold compared to S-COMT. Clearly,
dopamine has the highest affinity towards the inner and outer leaflet membrane models. For L-dopa,
no preference between the different membrane types was observed. Tolcapone, which was suggested
as MB-COMT specific in our previous study due to its orientation in the membrane, had a preference
towards the inner leaflet membrane model. Entacapone, on the other hand, had a low affinity towards
the inner leaflet model. However, additional studies using technique are needed to conclude these
findings, due to the sensitivity of QCM-Z technique to the hydration-related variations in the lipid
bilayer morphology.
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Mag2 and PGLa are antibiotic peptides discovered in the skin of the African clawed frog (Xenopus
laevis). The mechanism of the synergism of the two peptides is still under discussion1,2. We present the
results of fluorescence experiments, which give new insights into the interaction of both peptides. The
labeling schemes, prerequisites of fluorescence experiments are presented. Whereas self quenching
experiments investigate the packing of the peptide on the membrane surface at high peptide to lipid
ratio3, fluorescence cross correlation experiments detects direct interactions at low peptide to lipid
ratio where statistic contacts become scarce.
Instead of competing for surface space the peptides adsorb into the membrane in a cooperative
manner and the complex of the two peptides remains stable upon high dilution on the membrane
surface.
The experiments suggest a mutual shift of the equilibrium towards the membrane bound form of the
two peptides. Hence the cooperatively has a strong thermodynamic component.
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Macromolecular therapeutics (recombinant proteins, antibodies, synthetic peptides, oligonucleotides,
cell penetrating peptide-drug conjugates, and others) are gaining considerable current interest owing
to their success rate in clinical development as compared to conventional small organic molecule
drugs. Macromolecular complexes display strong potential to cure diseases involving genetic
components, e.g. Rheumatoid arthritis, diabetes, Alzheimer's disease, Huntington's disease, Duchenne
muscular dystrophy, Retinitis pigmentosa, and several types of cancers. Bioavailability and enhanced
drug specificity necessitate the preparation of efficient carrier systems for the macromolecular drugs.
We highlight recent achievements in development of nanostructured lipid dispersions and biocolloids
for drug delivery applications. The nanoorganization of liquid crystalline carriers (spongosomes,
cubosomes, and hexosomes) is discussed in view of the successful encapsulation and protection of
therapeutic biomolecules of different sizes [1-5]. Tunable properties of the lipid carriers are imparted
through variations of the amphiphilic composition. Small-angle X-ray scattering (SAXS) and cryotransmission electron microscopy (cryo-TEM) provided insights into the mechanism of formation of
the self-assembled nanomedicine formulations.
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There is an urgent necessity for developing drug carriers that enable delivery of active compounds with
increased efficacy and reduced toxicity when comparing to conventional formulations. Such goal can
be achieved by encapsulation within nanoparticles, e.g. liposomes, that provide not only controlled
drug release and enhanced stability of the active compound, but also offer a possibility of precise
targeting. For specific retention and uptake, ligands that recognize surface exposed proteins of
diseased cells should be used.
We employed liposomes as multipurpose anticancer drug carriers. They can be decorated with a broad
range of targeting molecules (e.g. folate, therapeutic antibodies). We considered longcirculating
liposomes containing PEGylated lipids as one of the versatile “Lego® bricks”, which can be put together
with other “bricks”, such as active compounds (i.e. antisense oligonucleotides, plasmids containing
therapeutic genes, statins), drug-complexing molecules (i.e. polyethyleneimine - PEI) and targeting
ligands. The nanoparticle formulation developed in our laboratory carrying PEI-complexed BCL-2
antisense oligonucleotides and targeting CD20 molecules exhibited long-term stability, increased
specificity and efficiency against human leukemia cells, while displaying no observable side effects in
both in vitro and in vivo cancer models. Our statin-carrying liposomes armed with antibodies
recognizing CD340 were capable to deliver high doses of this hydrophobic compound to cancer cells
overexpressing the targeted antigen. Most recently, we developed folate-targeted liposomal carriers
bearing a tumor suppresor gene, which fulfilled criteria of particle size, stability and negligible
nonspecific toxicity.
W proved that the idea of bringing together several approaches that were already considered as the
most promising in drug carrier design (e.g. nucleic acid complexation, PEGylated liposomes, specific
targeting) to establish a platform for efficient and nontoxic delivery of various active substances could
be one of the most promising tactics for anticancer therapies.
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Forcing liposome to enter a pore with the defined diameter is critical element of the extrusion process.
Extrusion of liposome suspension requires a lipid to be above the main phase transition. The liposome
formation at temperatures below the temperature of the main phase transition is impossible due to
the limited deformation of multilayer structures. This indicates that the organization of the lipid bilayer
affects the liposome formation process. The formation of unilamellar liposomes from multilayer
structures is a complex process, in which membrane mechanics is only one of many factors.
The new design of the extrusion process has been used to study the stability of the lipid bilayer, when
exposed to mechanical stress. In the experiment, the extrusion through the filter with pores with the
diameter equal to 100 nm was used to formed DPPC liposomes. The extrusion process was carried out
at the temperature well above the DPPC main phase transition temperature. These liposomes were
next pressed through the filter with smaller pores (50 nm) using dedicated device producing
quantitative data on the applied pressure. Liposome sizes distribution was measured prior and after
the second phase of the experiment. The obtained results have shown that liposomes in the liquidcrystalline phase are completely susceptible to the recalibration process and organize themselves into
smaller liposomes showing that liposomes disintegrate when exposed to mechanical stress. Whereas,
when lipid was in the gel phase the recalibration process did not change liposome size distribution
showing the liposome deformation in this case didn’t compromise its integrity.
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Clusters of nanoparticles are being used as tools for studying synthetic and cellular membranes;
however, their applications are limited by the non-idealities of the physical properties of the
nanoparticles and by the difficulties of predicting and controlling their behaviour once they are
immersed in the biological and fluidic media that surrounds the membrane [1]. A lot of effort has been
made in the design of mechanisms that allow the dynamic control of nanoparticle clusters, one of such
effort is the dynamic modification of the number of atoms inside the nanoparticles [2].
In this work we present the results of our effort to try to control the distance of the nanoparticles in a
macromolecular cluster with the help of proteins. Our clusters are formed by the assembly of
nanoparticles aided by DNA templates, which is a method widely investigated due to its applications
in plasmonics [3-4]. We used the idea that the interaction between DNA and DNA binding proteins can
be employed in order to manipulate the relative position of nano- and micro-molecules inside a 3D
arrangement [5-6]. Between the proteins that interact with the DNA, the DNA polymerases are
enzymes involved in the synthesis of DNA. We chose the Taq polymerase, which has been object of
numerous studies in molecular biology due to its use in cloning and amplification of gens by PCR [7].
We present measurements done by small angle X-ray scattering (SAXS)[8], Raman spectroscopy and
absorption spectroscopy that show how the DNA-nanoparticles clusters are rearranged by the DNA
polymerases. The obtained results are important for membranology and pharmaceutical research in
particular.
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The surfaces of alveoli are lined by a thin layer consisting of lipids and surfactant proteins. This
pulmonary surfactant monolayer spreads rapidly onto the water–air interface and reduces its surface
tension, hence facilitating lung function. Insufficient performance of the surfactant can result in fatal
conditions, such as respiratory distress syndromes. Hence, understanding the mechanics of the lungs
is a crucial step towards better health.
Lipid assemblies — most notably lipid membranes — are nowadays commonly studied using particlebased classical molecular dynamics (MD) simulations. However, lipid monolayers pose a more difficult
case, as the commonly employed water models do not adequately describe the properties of the
water–air interface. Therefore, the lipids and proteins at the interface display unphysical behaviour,
which could be prevented by an improved simulation model.
In this work, we show that a combination of the recently introduced OPC water model [1] and the allatom CHARMM36 lipid model can overcome this issue [2]. Using the cut-off typical for CHARMM36
simulations, the OPC water model captures the experimental surface tension of the water–air
interface. Consequently, the monolayers of adsorbed lipid molecules display correct phase behaviour,
and the pressure–area isotherms are often in almost quantitative agreement with experimental ones.
Notably, the proposed model captures the coexistence of liquid expanded and liquid condensed
phases in DPPC monolayers — a feat not achieved by atomistic MD simulations before.
We also describe the extension of the model to multi-component lipid monolayers corresponding to
the protein-free pulmonary surfactant. Excellent agreement with experimental isotherms is again
achieved. Moreover, combining our results from single-component and multi-component monolayers
can greatly help understand the seeming controversy between atomic force microscopy images — in
which small domains are observed in this mixture — and pressure–area isotherms — in which no
coexistence plateau is observed.
All in all, our model will certainly pave way for future MD simulation studies on the health-wise
important monolayer structures in the lungs and in the eyes.
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Pulmonary surfactant as a mixture of lipids (~ 90%) and specific proteins decreases surface tension at
air-liquid interface in alveoli. We studied structural behaviour of two systems: porcine pulmonary
surfactant (PS) currently used in therapy of respiratory distress syndrome, and its model (MS)
composed of phospholipids DPPC/POPC/PLPC/POPG (50/24/16/10% w/w). The structure was
examined by small angle X-ray scattering (SAXS) at BL11-NCD beamline, Alba synchrotron, Barcelona.
Lipopolysaccharide (LPS) called endotoxin is a component of Gram-negative bacteria cells membrane.
LPS interferes with pulmonary surfactant, leading to its dysfunction [1]. An antimicrobial peptide based
antibiotic Polymyxin B (PxB) is able to bind to LPS. PxB prevents malfunction of LPS and restores the
original structure and function of PS [2]. PS at 37°C forms a lamellar phase Lα with repeat distance d =
7.93 - 8.39 nm depending on the production batches. Disbalance in the structure after insertion of LPS
(10% w/w) causes swelling the lamellar structure and growth its repeat distance in range 9.4 - 13 nm
(dependent on incubation time). PxB inhibits structural changes induced by LPS and stabilizes the
lamellar arrangement with d ~ 6.83 nm in a sample of PS containing 2% PxB and 10% LPS.
MS at 37 °C shows periodicity od lamellar phase d ~ 10.8 nm. Addition of a small amount of SP-B
protein, that is naturally present in PS, decreases d to 9 nm, near the values observed in PS. In the
presence of LPS 10 %, the structure swells up to ~ 13.4 nm. Finally, PxB 2% prevents swelling and the
repeat distance remains d = 8.8 ± 0.1 nm.
LPS induces structural changes in the lamellar packing of both studied systems, porcine pulmonary
surfactant and its model, as shown in our experiments. We found that Polymyxin B is efficient inhibitor
of structural disarrangement.
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The emergence of strains of bacteria resistant to even the most powerful current antibacterial agents
can be seen as one of the most serious crises facing humanity in the coming decades; the development
of novel antibacterial drug therapies is an urgent priority. A class of antibacterial agent that has seen
significant recent promise is 2,2-amino acid derivatives [1]. Their mode of action is thought to be
inducing a greater extent of leakage in prokaryotic (bacterial) membranes in comparison to their effect
on the eukaryotic (mammalian) cell membranes of the patient [2].
In order to gain further insight into the mechanism of action of this class of drug, we carried out
atomistic molecular dynamics simulations for four different 2,2-amino acid derivatives with different
potencies to selectively kill bacterial cells when compared their hemolytic activities. All four
compounds were simulated in mammalian- and bacterial-like lipid environments.
Our results indicate that, while, in all cases, these compounds rapidly locate to the water-lipid
interface, their conformation at the surface, including the solvent accessible surface, is dependent on
both the type of the compound and the composition of the lipid membrane. Particularly, the
hydrophobic arms of the different compounds show different conformational configurations at the
interface, which may be one of the leading factors behind their varying selectivity towards bacterial
cells.
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A drug combination strategy is a prominent method used to develop more effective antimicrobial
therapies towards antibiotic resistant bacteria. Synergistic interactions between two drugs allow to
enhance their antimicrobial potential and thus significantly reduce effective doses. There are many
reports on synergistic combinations of drugs that result in antimicrobial therapy improvement [1][2].
One of the mechanisms that underlies phenomenon of the synergy is the enhancement of drug
absorption by cell membrane disruption [3]. Silver nanoparticles (AgNPs) are one of antimicrobial
agents interacting with bacterial cell surface [4]. We investigated the role of their membrane-damaging
potential in previously reported synergistic anti-staphylococcal effect in combination with
naphthoquinones (NQ) [5].
Antimicrobial potential of agents and their combinations was studied by Broth Microdilutions Method
and Checkerboard Titration technique as it was previously described [5]. Reference strain of
Staphylococcus aureus (ATCC 25923) was used in all experiments. Membrane-disrupting agents,
daptomycin (DAP) or protegrin-1 (PR), were used as control. We used propidium iodide (PI)/Syto9
staining procedure [6] and method based on 8-Anilino-1-naphthalenesulfonic acid (ANS) uptake [7] to
measure bacterial cell membrane permeability. Transmission Electron Microscopy (TEM) was
employed to detect structural changes in bacterial cells treated with antimicrobials.
PI/Syto9 staining revealed significant reduction of membrane integrity in S. aureus cells treated with
AgNPs and membrane-disrupting peptide PR. What is more, in the presence of AgNPs or PR, the
permeability measured by ANS uptake was also significantly enhanced. Any changes in the membrane
stability were observed when S. aureus cells were treated with DAP. Consequently, we observed the
enhancement of NQs activity only when they were used simultaneously with AgNPs or PR. AgNPs and
PR reduced the minimal bactericidal concentration of NQs by 87.5 and 75%, respectively. TEM analysis
revealed non negligible structural changes in S. aureus cells treated with AgNPs: mesosome-like and
exosome-like structures formed from the bacterial cell membrane.
An event of bacterial cell membrane disruption caused by nanoparticles is a meaningful element of
synergistic bactericidal interaction of AgNPs and NQs. AgNP-NQ combination provides a new effective
anti-staphylococcal approach based on the multitarget synergistic effect.
Acknowledgements. This work was supported by the grant from the National Science Centre in Poland
(PRELUDIUM 10 grant no. 2015/19/N/NZ7/02802).
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Various experimental data reveal intriguing peculiarities in structural properties of biomimetic
membranes. Interestingly, one of the common alterations that is observed at the membrane-water
interface underlines the important role of membrane hydration properties. A plausible mechanism of
action in the case of many membrane additives seems to be in shifting the water encroachment the
way that bilayers absorb more or less water molecules - one of the smallest and often neglected
biomolecule. The difference in water interactions with different lipids has been noted at the interface
and up to the bilayer center [1], the ion depending interplay between lipid-water and ion-water
hydrations has been shown (Figure A) [2], and the anaesthetic effect also appears to link tightly to
hydration (Figure B) [3], to discuss but a few examples. Although a complete understanding of the
physicochemical processes taking place in biomembranes is not established fully, the understanding
of lipid bilayer structural changes as a result of different properties of environment outside and/or
inside the membrane provides a foundation for better insights into the structure-function relationships
that most certainly take place in complex biomembrane systems.

Fig. 1: Schematics of water-altered membrane interactions. (A) Zinc attracts more water molecules (represented
by red balls on top and shaded areas on bottom), while less hydrated calcium can interact closer with the
membrane’s atoms. (B) Illustration of water encroachment showing increased water penetration and enlarged
lateral area when alcohol molecule is present in membrane.
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Respiratory complex I is a large, membrane-bound enzyme, which plays a vital role in energy
production in both mitochondria and bacteria. The enzyme pumps protons across a membrane, which
results in the formation of an electrochemical gradient. This electrochemical gradient is what drives
the synthesis of ATP. Within complex I, energy is released on the reduction of quinone to quinol, which
allows the protons to be pumped across the membrane. Currently, it remains uncertain what the
precise mechanism of the reduction of quinone is, and how it is coupled to proton translocation [1].
Recently, a cryo-EM structure of yeast complex I has been resolved, which shows the first example of
a bound quinone near the active site of quinone reduction [2]. In order to further probe this binding
site, density functional theory (DFT) cluster calculations and atomistic classical molecular dynamics
(MD) simulations have been performed on the observed quinone binding site, as well as other
potential binding sites within complex I [1]. The results will be presented on both structural changes
and energetics at these sites. Our work provides insights into the electron-proton coupling in complex
I and the characterization of its quinone binding sites.
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The enzyme protein kinase C (PKC) has a plethora of roles in human physiology, and thus plays also a significant
role in pathologies of many diseases, such as cancer and Alzheimer's disease [1, 2]. This enzyme is activated when
its C1 domain interacts with an intracellular membrane that incorporates the lipid second messenger
diacylglycerol (DAG) [3]. In cancer research PKC was previously thought to be an oncoprotein, however, upon
discovering that PKC associated cancer activity is in fact associated with loss-of-function mutations in PKC,
moderate activation could actually be tumour suppressing [4]. The PKC enzyme’s activation is also involved in
cholinergic muscarinic receptor mediated effects in the brain, which is not being properly activated in Alzheimer’s
disease, and therefore drugs that activate PKC could additionally be used in this capacity [5].
In studies performed by Boije af Gennäs et al. and R. Provenzani et al. isophthalate derivatives and pyrimidine
analogs, respectively, were tested to target PKC [2, 6]. Both sets of compounds were predicted to bind well to
the C1 domain based on their structure, however, only isophthalate derivates showed in vitro binding in a
standard assay with phosphatidylserine membrane present. The in vivo potency of different isophthalate
derivative compounds was discovered to vary in a cell line-dependent manner.
These behaviors are not completely explained by just the fit of the molecule to the binding site of the PKC C1
domain, and thus we hypothesized that the interaction of the drug molecules and the respective inner plasma
membrane is of importance for activation. Since lipid composition and thus fluidity varies greatly in different
cells, the effect of the membrane interaction could also prove to be an explaining factor for the cell variant
potency. Therapeutic activation of PKC would thus require a combination of the drug mimicking DAG in both
binding and orientation in the respective environment.
Preliminary results using molecular dynamics simulations suggest that isophthalate derivatives do orient similarly
to DAG in a physiological membrane environment, but simulations for both isophthalate and pyrimidine
compounds are still ongoing at the time of writing this abstract. The information gained here will give good
guidelines on how to better target PKC at the molecular level.
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Antimicrobial resistance is a global problem which will impact the life of millions of people if we do not
find solutions to battle this issue [1]. DigiBiotics is a multidisciplinary research project at UiT The Arctic
University of Norway, the goal of which is to build a pipeline for discovery of new antimicrobial
molecules. The project will develop novel experimental and computational methods for determining
molecular structure and dynamics of discovered molecules, and their
interplay with bacteria.
We will search for novel antimicrobial compounds using marine
bioprospecting as well as synthetic design. Suitable candidates will go
through conformational studies to determine the absolute
configuration. The compounds and their interactions with relevant
biological membranes will be studied with experimental and
computational methods. Lastly, the active compounds will be tested for
microbial responses.
One important part of drug discovery is the knowledge of atomic scale
mode-of-action, as shown for a membrane model system in Figure 1 [2].
Our goal is to create realistic computer models of bacterial membranes
which can be utilized to develop in-depth understanding of structureactivity relationship of potential antimicrobial molecules, and to design
novel antimicrobial agents. The main computational methods used for
bacterial membranes will be molecular dynamics and coarse-grained
Figure 1: Figure illustrating
simulations.
the potential effect of a
cluster of two antimicrobial
peptides on the surface of a
membrane model [2].
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Gene therapy has tremendous potential for acquired and inherited diseases. Efficient delivery of
plasmid DNA into cells is achieved via viral as well as nonviral vectors. Viral vectors have higher
transfection efficiency, but on the other side experiments have shown their high cytotoxicity.
We studied nonviral liposomal DNA vectors composed from homologous series of N,N-(dimethyl)-Nalkanamine-N-oxides (CnNO, n = 8 - 18) and neutral phospholipid DOPE (dioleoylphosphatidylethanolamine). Our previous experiments detected low cytotoxicity of the prepared complexes
on HepG2 cells [1]. We focused our attention on relationship between transfection efficiency and
physicochemical properties of the complexes. Physicochemical properties were studied by using
several methods (UV/Vis spectroscopy, RTG diffraction, microscopy). The transfection efficiency was
tested on different cell lines using flow cytometry and fluorescence microscopy. The transfection
efficiency of CnNO/DOPE for pEGFP-N to U2OS cells increases, following quasi-parabolic dependence
with maximum at n = 16. CnNO/DOPE (n = 12 - 18) show better transfection efficiency than
LipofectAmine 2000. C16NO/DOPE liposomes transfected positively cells of HeK 293T, HCT 116, HeLa
and also K562. Small-angle X-ray diffraction (SAXD) shows structural diversity of the complexes
depending on their composition, pH and temperature. We observed Lα, HII, and cubic Pn3m phases for
complexes at neutral pH. The coexistence of Lαc and HIIc was dominant in complexes prepared at molar
ratio CnNO/DOPE = 0,4 and acidic pH (at 20°C). Depending on the molar ratio of CnNO/DOPE, we
observed the phase transition HII + HIIc → Lαc + HIIc → Lαc at acidic pH and 20°C. At molar ratio
CnNO/DOPE = 1 and 20°C only the Lαc was present.
We found out that the complexes with condensed lamellar phase Lαc and condensed inverted
hexagonal phase HIIc have similar transfection efficiency. The observed bicontinuous cubic Pn3m phase
can facilitate the DNA release from the complex in cytoplasm at neutral pH and increases the
transfection efficiency. The ability of CnNO/DOPE for DNA binding depends significantly on pH and
time. More than 90 % of total DNA is complexed at acidic pH. The amount of complexed nucleic acid
increased ~ 30 – 40 % in 5 weeks since the samples preparation.
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Presence of cholesterol hemisuccinate (CHS), in the structure of liposomes make them PH-sensitive in
a way that the ionic state of the CHS determines the phase behavior of lipid ensemble [1]. CHS in its
anionic form stabilize DOPE lipids in a lamellar form. liposomes are unstable in blood and are rapidly
cleared from the circulation. One way to increase their circulation half-life is to include lipid derivatives
of PEG in the liposome formulations, but this leads to a decrease in the pH-dependent release of drug
from these liposomes [2]. In this study we have been looking for the answers to the question that what
are the mechanisms behind pH-sensitivity removing effect of PEG.
In this study, 18 systems with different lipid compositions (DSPC, DOPC or DOPE), in different states of
ionization of CHS were simulated using the Gromacs 4.6.7 software package. Seven analysis were
conducted on each of the 18 systems which are as follows: Calculation of percentage of Na ions in
contact with different components of each system, area per lipid, solvent accessible surface area, the
deuterium order parameters for the lipid acyl chains, the electrostatic potential along the membrane
normal, mass density and charge density of all the components of the bilayers.
The analysis of this study are still under evaluation however the results so far indicate the role of
penetration of PEG into the bilayer and interactions of PEG oxygen atoms with Na ions as contributing
factors in PH-sensitivity removing effect of PEG.
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Carotenoids are the second largest group of plant pigments. They are part of the photosynthetic
complex, responsible for light harvesting and energy dissipation. They also play an important role as
membrane photoprotectors. Carotenoids are synthesised only by plants and bacteria, while animals
have to receive them as food. Animals need carotenoids as light filters and membrane protectors.
Decreased consumption of lutein is associated with increased risk of eye diseases, especially age
related macular degeneration.
Carotenoids are divided into two major groups – apolar carotenes and polar xantophyls. Lutein and
zeaxanthin are two main xantophyls of the human retina. Although they have similar structures, they
localisation within the retina is different – concentration of zeaxanthin is higher in the middle and that
of lutein is higher in the outer regions of retina. Moreover, model studies indicate that their orientation
in the lipid bilayer is different. It is suggested that the difference is caused by different orientation of
polar part of these very similar xantophyls. To verify this, computational methods were used to analyse
the orientation of lutein and zeaxanthin in the phosphatidylcholine bilayer. For lutein, both
transmembrane and horizontal orientations were observed. In contrast, for zeaxanthin only
transmembrane orientation was observed. Orientation of carotenoid molecules in the membrane may
affect the fluidity of the membrane as well as their interactions with potential partners.
Here we focus on energetic aspect of lutein intercalation and rearrangement in lipid bilayer. Both
intercalation and rearrangement of the xantophyl were investigated with in-silico molecular dynamics
approach. Several microsecond long molecular dynamics and umbrella sampling simulations were
conducted using GROMACS simulation package.
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Mitochondrial cytochromes P450 (CYPs) are enzymes involved in the biotransformation of many
endobiotic compounds secreted from adrenals and gonads. The major reaction performed by
mitochondrial CYPs is steroidogenesis mediated by CYP11A1, CYP11B1 and CYP11B2 [1]. The CYP11A1
catalyses the cholesterol cleavage towards precursor of steroid hormones – pregnenolone and it is
located on the inner mitochondrial membrane. The interaction with mitochondrial membrane is
represented by several regions on the distal side of the CYP11A1 such as F/G-loop, G and A-helices
which has been observed experimentally [2], but not with otherwise typical N-terminal anchor as Nterminus is cleaved as a signal peptide during protein transfer to mitochondria. The composition of the
membrane significantly alters the behaviour of the attached CYPs. In case of the CYP11A1, the
cardiolipin in the inner mitochondrial membrane plays important role in the stability and even activity
of the enzyme. Cardiolipin may affect the mobility of the CYP11A1 which is dependent on the
concentration of the cardiolipin in the membrane. The embedding of the CYP11A1 is also altered by
cardiolipin content and is most probably caused by the interaction of the membrane-faced residues
and the negatively charged head groups of the cardiolipin [3]. For purpose of this study, we carried out
molecular dynamics simulations of the CYP11A1 on mitochondrial membrane (POPC:POPE:cardiolipin
in 2:2:1 ratio) and on the pure dioleoylphophatidylcholine (DOPC) membrane model. We compared
behaviour of mitochondrial CYP11A1 and microsomal N-terminal membrane anchored CYP3A4
simulated in same conditions. We observed significant changes in the CYP11A1 immersion and the
membrane orientation in comparison to the microsomal CYPs.
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Lung surfactant (LS), secreted by type II cells in the alveolar epithelium, is a complex lipid-protein
mixture that spreads as a surface active film at the air-water interface of alveoli. Its primary role is a
reduction of surface tension at the alveoli-air interface during inspiration. Additionally, the film
protects the alveoli from collapse when they reach the lowest volume. LS deficiency or alterations in
its composition consequence in a number of respiratory dysfunctions and diseases. Although most of
pharmaceutical-grade LS supplements are on purpose depleted in cholesterol, the physiological
amount of cholesterol (~10%) is suggested to play an important role for LS stability. Moreover, LS acts
constantly under oxidative stress and therefore contains products of lipid oxidation, including those
from the oxidation of phospholipids and cholesterol. In some diseases the amount of oxidized lipids in
LS was found to be elevated.
To address the issue of the role of cholesterol in LS under oxidative stress, we apply combined
experimental and molecular simulations approach. We experimentally characterize LS-mimicking
systems by Langmuir balance combined with fluorescence microscopy to probe the macro-scale
behavior of the surface films. We combine this with classical molecular dynamics simulations to obtain
molecular-level information about the role of individual film components at the nanoscale. We observe
that under physiological temperature the presence of both cholesterol and oxidized lipids alters phase
behavior and stability of the LS model.
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In lipid membrane studies, visualization and characterization of membrane domains are important but
non-trivial tasks. One of the most well-known compounds to study and mark the composition of
phospholipid bilayers are the carbocyanine dyes. They select between coexistent lipid phases by virtue
of their alkyl chain lengths. In the current study, we focus on the influence of the chain lengths upon
the photoisomerization properties of the DiD (1,1′-dioctadecyl-3,3,3′,3′-tetramethylindodicarbocyanine) probe and we investigate whether they can be used to visualize local properties of the
surrounding lipid membranes.
In our study, the cyanine backbone with its 5 carbon atoms is parameterized both in the ground state
(GS) and excited state (ES) and molecular dynamics (MD) simulations are performed. We characterize
the probe’s behaviour in lipid membranes in the GS. We simulate the excitation and relaxation events
and evaluate the isomerization of trans and cis isomers.
Using a continuum model for the dimethylsulfoxide (DMSO) solvent and reverting to the GS, we
analyse the abundances of the individual conformers and observe a conformational distribution which
is in good agreement with experimental data. Further, in MD simulations, it can be seen that all
considered DiDs penetrate into the lipid bilayer and stay in contact with the lipid head groups, while
their orientations depend on the tail lengths. If the DiD has at least one longer tail (>= 6 carbons), it is
seen that both tails are oriented to the membrane core. If both tails are short (<= 3 carbons), they are
oriented towards the outer environment.
With the knowledge of the GS behaviour, we parameterize the cyanine backbone in the ES and perform
the simulations of the photoisomerization – excitation prior to a calculation of the relaxation to the
GS. In the ES, the backbones of the individual DiD molecules rotate quickly to a twisted state both in a
DMSO solution and in a DOPC membrane. It has been seen that the shorter tails rearrange themselves
quite easily, in contrast to the long ones of DiD 18-18. The dyes which have at one end either one or
three carbon atoms bear a significant fraction of emerging cis states. For DiD 18-18 however, all frames
are seen to return back to the trans state, due to the hydrophobic interactions of its tails. In DMSO,
the photoisomerization is not hindered by the ordered membrane structure and we observe a minor
contribution of the cis state formed for all studied dyes, including DiD 18-18.
We analyse the obtained data in order to estimate the fraction of cis-trans transitions in a single
photoisomerization cycle and aim to evaluate the isomerization rate. Our data enable further
comparisons with the ones from e.g. Fluorescence Correlation Spectroscopy (FCS) or Transient State
monitoring (TRAST) measurements and may lead therefore to new insights into the mechanisms of
photoisomerization and the behaviour of conformationally versatile probes in lipid membranes.
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Cytochrome c Oxidase (CcO), a membrane-embedded enzyme complex, catalyzes the reduction of
molecular oxygen to water. It takes up four electrons and protons from either side of the membrane
it is embedded in. The energy released upon oxygen reduction is used to pump four additional protons
across the membrane, thereby establishing an electrochemical gradient, which drives the synthesis of
the biological energy carrier ATP. Here, we investigate the trans-location of protons through the D and
H channels of CcO by using a combination of the discrete, optimization-based Transition Network
approach and Molecular Dynamics simulations [1,2,3]. The results allow us to determine the
underlying transition barriers and sequences of events involved in proton transfer reactions. Based on
these results, we will discuss the molecular mechanism of redox-coupled proton pumping in CcO.
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The tear film is a thin aqueous layer residing at the surface of the cornea. It is covered by a lipid
structure – Tear Film Lipid Layer (TFLL). The main role of TFLL is to reduce the surface tension of the
tear film. It is also hypothesized that tear lipids prevent tear evaporation. Importantly, TFLL is the first
eye structure that is exposed to topical ophthalmologic drugs.
Benzalkonium chloride (BAK) is a mixture of aliphatic C12 and C14 quaternary ammoniums. They were
traditionally used to preserve eye drops through their bactericidal and bacteriostatic properties. The
compounds of BAK have an amphiphilic character hence it can be assumed that on the ocular surface
they interact and alter TFLL properties. The amphiphilic and water-soluble C12 and C14 BAK molecules
are expected to act predominantly at the aqueous-lipid interface that, as we demonstrated earlier, is
populated mostly by polar lipids. Interestingly, these BAK species are short-chain analogs of
cetalkonium chloride which interacts with the TFLL model improving its stability, as we showed
previously. We hypothesize that by influencing polar lipids, BAK can alter the details of molecular-level
interactions between individual species of TFLL and indirectly affect the organization and stability of
the tear film.
To assess molecular-level interactions between BAK species and Tear Film Lipid Layer models, we
employed in silico molecular dynamics (MD) simulations. We considered lipid films at the water-air
interface by using coarse grain MARTINI model. This approach was proven to realistically model
biophysical properties of Tear Film and TFLL in our earlier studies. Lipid composition of TFLL was
approximated by using main lipid classes found on human tears in lipidomics studies. Molecules of
BAK, namely, benzalkonium cations with either C8 or C12 lipid chain were added to the polar lipidsdeficient TFLL model. Additionally, we considered C16 BAK analog, i.e., cetalkonium chloride (CKC). All
three types of molecules were parameterized in-house using a standard MARTINI approach.
According to MD simulations, all three considered surfactants, BC8, BC12, and CKC, incorporate into
the polar sublayer of the TFLL model. As they populate the water-lipid interface, they all reduce waternonpolar lipids contacts. However, the details of their orientation in the lipid film differ. The obtained
molecular-level picture allows concluding that CKC stabilizes the TFLL (as seen in patients and in vitro)
while the shorter BAK molecules may have a destabilizing effect, similar to that observed in
experiments.
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Understanding the interactions occurring at the surface of nanoparticles (NPs) when introduced to a
complex biological environment is crucial for a range of new technologies, not least for the multitude
of drug delivery vehicles currently under development. NPs entering circulation are rapidly coated with
a diverse biomolecular layer, the protein (or bio) corona, with vast effects on their properties. In order
to investigate interactions between biological NPs and various protein rich environments with the aim
of optimizing lipid-based NPs for delivery of nucleic acid-based drugs to the cytosol, we are developing
methods based on label-free fluorescent and surface-sensitive microscopy with single NP resolution.
A waveguide chip consisting of a silica core embedded in a cladding of a fluorinated polymer material
(CYTOP) with a refractive index matching that of water, which allows for the reduction of stray light
and a high SNR, is being further developed and used to observe protein binding to nanoparticles with
simultaneous label-free scattering and fluorescent modes of operation [1]. This allows to elucidate
dynamics of protein binding processes that will aid studies of biocorona formation. Experiments
investigating anti-biotin IgG and streptavidin interacting with biotinylated liposomes suggest hitherto
unreported binding dynamic features (see fig 1a) also resolved at the single NP level.
Successful nucleic acid cargo delivery from lipid NPs requires endosomal escape [2]. This final delivery
step was investigated through TIRF microscopy by studying the electrostatic interaction of lipid NPs
composed of DMA:DSPC:Cholestrol:DMPE-PEG (50:10:38.5:1.5) with a negatively-charged supported
lipid bilayer consisting of POPC:POPS:NBD-PE (97:2:1), mimicking the endosomal membrane.
Membrane binding of these positively charged nanoparticles were found to increase as the pH
approached endosomal conditions with a pH of 4.5 (see fig. 1b).

Fig. 1: a) Waveguide microscopy scattering and fluorescence intensities over time as anti-biotin IgGs are added
to biotinylated vesicles. B) Fluorescence microscopy data indicating the number of LNPs adsorbed to the NC-SLB
by lowering the pH and the related recorded mean intensity profile (arbitrary unit).
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The transport processes through biomembranes are essential for regulation of cellular release and
uptake of biologically active species. Those processes may be mediated either by active transport over
various membrane transporters or by spontaneous passive diffusion. The passive permeation of
compounds through membranes is driven by their concentration gradient. The permeation process is
typically described with inhomogeneous solubility-diffusion model depicting lipid bilayer as
inhomogeneous medium. This model describes compound-membrane interactions in separate layers
reflecting specific lipid composition. Most theoretical works used to study series of compounds on one
simple bilayer model neglecting the effect of membrane composition on crossing process.
Here, we have used umbrella sampling-based molecular dynamics (MD) simulations to investigate
permeation of ciclosporin A (CsA), one of the most widely used immunosuppressant and known
passively permeating cyclic peptide, through multiple biomembranes models. We used simple lipid
bilayers (e.g. POPC, DOPC, POPE, DMPC, DPPC), lipid bilayer mixtures (POPC:POPE [1:1]) and mixtures
enriched by cholesterol content in different amount (POPC:CHOL [5:1 and 1:1], POPC:POPE:CHOL
[1:1:1]) to mimic diverse conditions of CsA diffusion from its administration to biological target
delivery. We investigated energetical picture of CsA-membranes crossing characterized by free energy,
diffusion and resistance profiles reflecting CsA affinity to individual membrane regions and its
permeability, respectively. Furthermore, we developed set of parameters that underline CsA structural
changes during its membrane permeation.
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In this work, an overview of the ELBA (ELectrostatic BAsed) coarse-grained force field [1,2] and its
application for molecular dynamics simulations of lipid membranes is presented. ELBA force field
stands out for realistic treatment (no effective dielectric constant) of the electrostatic interactions by
explicitly including charges and dipoles.
Originally, the force field has been shown [1] to accurately reproduce the main physical properties of
single-species phospholipid bilayers comprising DOPC (dioleoylphosphatidylcholine) and DOPE
(dioleoylphosphatidylethanolamine) in the liquid crystal phase, as well as DSPC
(distearoylphosphatidylcholine) in the liquid crystal and gel phases. Besides that, new lipid species was
parametrized,
namely
POPC
(1-palmitoyl-2-oleoyl-phosphatidylcholine)
and
DPPC
(dipalmitoylphosphatidylcholine) [3,4]. A cholesterol model [4] and a hydroperoxized group [3] for
lipids has also been developed within ELBA philosophy. Finally, efforts are being made to include
parameters which describes amino acids. Considering all the species that has already been developed
and the ones that are still being developed, this force field appears as a good option for studying
membrane related events in larger spatial-temporal scales.
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G-protein coupled receptors (GPCRs) are a large receptor protein family and are considered to hold
high promise as druggable targets for small molecule drug discovery. On the other hand,
macromolecular drugs are gaining more interest as they can interact with targets that small molecules
cannot. Therefore, they are promising source for new drug therapies. However, suitable nanoparticle
(NP) drug carriers are needed for effective macromolecule drug delivery.
One of the major challenges in the effectiveness of NP carriers is their inability to penetrate cell
membranes [1]. To overcome this, new tools that help in investigating the interaction and cell uptake
of these particles are needed. Most assays usually offer only end point data and require labeling of the
drug and/or cells. Our solution combines a surface plasmon resonance (SPR) with living cells on an
optical sensor surface (Left figure). SPR does not require labeling and offers real-time detection.
We have successfully immobilized 10 different cell lines on SPR sensors and measured cell responses
under different stimuli. We measured cells for different GPCR signaling, successfully differentiating the
SPR cell responses for different receptor subtypes. The responses are repeatable and concentration
dependent. We have also successfully measured cell uptake of many different NPs, ranging from fully
synthetic silica NPs to endogenous extracellular vesicles. We see distinct signals for different NP
concentrations, surface modified and unmodified NPs (Right figure), as well as the effect of
temperature [2].
Conclusion
We have developed an in vitro cell assay method with potential applications in NP and small molecular
drug research. Our method offers significant advantages such as real-time detection. Importantly,
there is no need for any labeling pretreatment.

Fig. 1 Left: Working principle of cell-based SPR. Right: Real-time SPR responses as HeLa cells take up silica
nanoparticles with (red) or without (blue) polyethylene glycol-polyethylenimine coating.
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