Book of Abstracts
International Workshop on Biological Membranes:
Tiny Lipids with Grand Functions

19–22 August 2018
Helsinki, Finland

Conference Venue
The conference will be organized in the heart of downtown Helsinki in the historic main building of the
University of Helsinki.

The Main Building of the university, designed by Carl Ludvig Engel, was completed in 1832. It is located
next to the Senate Square in the heart of Helsinki's neoclassical centre, facing the Cathedral and the
Government's Palace. The Fabianinkatu side was completed in 1937, before the war. The architect was
J.S Sirén, who also designed the Parliament House.
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The conference will be organized in the main building of the University of Helsinki. Street address is
Fabianinkatu 33. The conference hall hosting the lectures is Pieni Juhlasali located on the 4th floor of
the building. Registration desk and poster sessions will be organized on the 2nd floor.
The University Main Building is a short walk from numerous hotels (see Accommodation tab for
suggestions). If you're arriving by public transport, the closest tram stop is Senaatintori (Senate Square),
which is served by tram lines 2, 4, and 7 (see map below). The closest metro stop is Helsingin Yliopisto
(University of Helsinki). For more information on Helsinki's public transit, see the transportation pages.
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Conference Programme
SUNDAY (19 August 2018)
12:00-14:00

Registration

14:00-14:10

Opening & Welcome

Session 1
Chair: Ilpo Vattulainen
14:10-14:50

I1: Britta Brügger, Studying Covalent and Non-Covalent Protein-

15:50-16:30

Lipid Interactions in Cells.
C1: Veijo T. Salo, Spatiotemporal Control of LD Formation Sites By
Seipin Complexes.
C2: James N. Sturgis, The Lipophobic Effect: Lipid–protein
Interactions and the Assembly of Multimeric Membrane Proteins.
C3: Jana Humpoličková, Bottom-up Unraveling of Biophysical
Determinants of ORP5/8 Mediated Lipid Transport Using in Vitro
Reconstitution and Model Membranes.
I2: Richard Pastor, Simulations of APOA1 Mimetic Peptides.

16:30-17:00

Coffee Break

14:50-15:10
15:10-15:30
15:30-15:50

Session 2
Chair: Waldemar Kulig
17:00-17:40
17:40-18:00

18:00-18:20

18:20-19:00

I3: Tetiana Serdiuk, Folding Pathways of Single Membrane Proteins
Guided by Translocases and Insertases.
C4: Kandice R. Levental, Homeostatic Remodeling of Mammalian
Membranes in Response to Dietary Lipid Perturbations Is Essential for
Cellular Fitness.
C5: Anand Srivastava, Heterogeneities in Biological Membranes
with Co-existing Liquid Phases: Insights from Nonaffine deformation and
Packing Defects.
I4: Kai Simons, Monitoring the Blood Lipidome for Health and
Disease.
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MONDAY (20 August 2018)
Session 3
09:00-09:40
09:40-10:20
10:20-11:00

11:00-11:30

Chair: Hector Martinez-Seara
I5: Ron Dror, Revealing the Structural Basis for GPCR Signaling and
Membrane Transport Through Atomic-Level Simulation.
I6: Ilya Levental, The Compositional, Biophysical, and Functional
Asymmetry of the Mammalian Plasma Membrane.
I7: Rainer Böckmann, More Than Just Fat: Protein-Lipid
Interactions in Protein Oligomerization and Signaling.
Coffee Break

Session 4
Chair: Veijo T. Salo
11:30-12:10

I8: Walter Nickel, The Unconventional Secretory Pathway of

12:10-12:30

Fibroblast Growth Factor 2: A Direct Gateway Into the Extracellular.
C6: Tatyana I. Igumenova, Conditional Peripheral Membrane
Domains: Structure, Dynamics, and Function.

12:30-14:00

Lunch *

Session 5
14:00-15:00
15:00-15:40

15:40-17:30

Chair: Andrey A. Gurtovenko
P1: Ünal Coskun, Lipid-Protein Interactions as Determinants for
Specific Cell Signaling Outcomes.
I9: Andela Šarić, Sensing and Creating Mechanical Forces by
Protein Assembly.
Poster Session I (posters B01-B56) °

Session 6
Chair: Edward Lyman
17:30-17:50

C7: Andrey A. Gurtovenko, Lipid Diffusion in Cell Membranes:

17:50-18:30

Bridging Nanoscale Computer Simulations to Interferometric Scattering
(iSCAT) Microscopy.
I10: Chia-Lung Hsieh, Nanoscale Membrane Dynamics Revealed by
Ultrahigh-Speed Single-Molecule Tracking.

19:00-20:00

City Reception **
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TUESDAY (21 August 2018)
Session 7
09:00-09:40
09:40-10:20
10:20-10:40

10:40-11:10

Chair: Christian Eggeling
I11: Peter Horvath, Life Beyond the Pixels: Image Analysis and
Machine Learning for Single-Cell Analysis.
I12: Ana-Suncana Smith, Physics of Cell Adhesion: The Role of the
Membrane in the Protein Recognition Process.
C8: Thomas A. Leonard, Conformational Sampling of Membranes
by Akt Controls Its Activation and Inactivation.
Coffee Break

Session 8
Chair: Ünal Coskun
11:10-11:50

I13: Christian Eggeling, Observing Molecular Membrane Dynamics

11:50-12:30
12:30-12:50

– a Super-Resolution Microscopy Approach.
I14: Ralf Metzler, Anomalous Diffusion in Membranes.
C9: Naomi Oppenheimer, Membrane Hydrodynamics and Their
Role on Protein Interactions.

12:50-14:20

Lunch *

Session 9
Chair: Patricia Bassereau
14:20-15:20

P2: Siewert-Jan Marrink, Lipid-Protein Interactions Are Unique

15:20-16:00

Fingerprints for Membrane Proteins.
I15: Elina Ikonen, Lipid Transport at ER Membrane Contact Sites.

16:00-17:50

Poster Session II (posters B57-B107) °

Session 10
Chair: Ralf Metzler
17:50-18:30

I16: Frank Brown, A Compressible Simulation Model for

18:30-19:10

Membranes: Faithful Treatment of Lipid Position and Surface
Tension at the Continuum Level.
I17: Gerard Kneller, Linking the Short and the Long Time Dynamics
of Anomalously Diffusing Molecules in Lipid Bilayers.

20:00-

Conference Dinner ***
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WEDNESDAY (22 August 2018)
Session 11
Chair: Siewert-Jan Marrink
09:30-10:10

I18: Ana-Nicoleta Bondar, Role of Lipid Interactions in Enzyme
Reactions.

10:10-10:30

C10: Vivek Sharma, Multi-Scale Simulation Approaches to

10:30-10:50

Understand Biological Energy Conversion in the Inner Mitochondrial
Membrane.
C11: Ingela Parmryd, Membrane Topography Can Create the
Appearance of Anomalous Diffusion and Molecular Clustering.

10:50-11:20

Coffee Break

Session 12
Chair: Ilya Levental
11:20-12:00

I19: Yifan Cheng, Single Particle Cryo-EM of TRP Channels in Lipid
Nanodisc.

12:00-12:40

I20: Thomas Walz, An Experimental Look at Hydrophobic
Mismatch.

12:40-13:20

I21: Aljaz Godec, Fast and Precise Kinetics in the Few-Encounter
Limit: On the Trail of the Fastest Among Fast.

13:20-14:50

Lunch *

Session 13
Chair: Mikko Karttunen
14:50-15:30
15:30-16:10
16:10-16:50

16:50-17:00

I22: Hector Martinez-Seara, Biomembranes Are Modulated by the
Interplay of Lipids, Ions, Proteins, and Sugars.
I23: Pekka Lappalainen, Principles Underlying Interactions of
Actin-Regulatory Proteins With Plasma Membrane.
I24: Patricia Bassereau, The ABC Transporter BmrA in Curved
Membranes: a Yin & Yang Story.
Closing

* Lunch is not included in the conference fee. There are plenty of lunch restaurants within a 5-minute
walk from the conference venue; see (https://www.helsinki.fi/en/conferences/international-workshop-onbiological-membranes/restaurants-and-pubs) for details.
** City Reception is an invitation-only event. It will be held in the Empire Room of the Bock House (less
than 5 minutes from the conference site). Address: Aleksanterinkatu 20.
*** Conference Dinner will be served in the Sipuli restaurant located in a historic building about a 10minute walk from the conference venue. Address: Kanavaranta 7.
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° Your poster board number begins with “B”. On the day of presentation, authors of assigned poster
boards should present their posters. Posters B01-B56 should be mounted on Sunday (August 19, 2018)
before the beginning of Session 1 and removed on Monday (August 20, 2018) after Poster Session I.
Posters B57-B107 should be mounted on Monday (August 20, 2018) after Session 6 and removed on
Tuesday (August 21, 2018) after Poster Session II. Please do not leave materials or belongings under
poster boards or in the poster area. Organizers are not responsible for any items left in the poster area.
“P” stands for a Plenary Talk, “I” for an Invited Talk, and “C” for a Contributed Talk.
Version: August 14, 2018. Organizers reserve the right to make changes to the program if necessary.
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Plenary Talks
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P1
Lipid-Protein Interactions as Determinants for Specific Cell Signaling
Outcomes
Ünal Coskun
Paul Langerhans Institute Dresden of the Helmholtz Zentrum München at the University Hospital and Faculty of
Medicine Carl Gustav Carus of TU Dresden, Technische Universität Dresden, Fetscher Strasse 74, 01307
Dresden, Germany
e-mail: uenal.coskun@tu-dresden.de

From the clinical perspective, the contribution of dietary fat, for instance to insulin resistance and cancer,
is well accepted. From the basic research point of view, however, dietary fats extend far beyond serum
cholesterol and triglyceride levels. Cellular membranes contain thousands of distinct lipid species and we
have only begun appreciating their implications in cellular functions, such as signaling. One aspect of
lipid function is the building of biological membranes; thus, lipids are key determinants of membrane
physicochemical properties. The initial steps of receptor signaling occur at the plasma membrane:
adaptors and downstream effectors need to directly attach to the site of action at the membrane to
accomplish their function. From an objective perspective, it is entirely not understood how cell signaling
outcomes can be controlled at all, considering the fact the myriad of membrane receptors signal through
commonly shared signaling effector proteins. Are membrane lipid-protein interactions key to ultimately
understanding cell signaling? In my presentation I will give an overview of how dietary lipid directly
contribute to the remodelling of membrane lipidomes at the organ level, and how these changes directly
impact on the structure and function of the human EGF and Insulin receptors and their downstream
singling effector proteins. My talk will contain an overview of state of the art lipid analysis tools as well
as in vitro approaches to study the essential function of lipids in cell signaling and their importance in
biomedical research.
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P2
Lipid-Protein Interactions Are Unique Fingerprints for Membrane
Proteins
1

S.J. Marrink1, V. Corradi2, D.P. Tieleman2

University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
2
University of Calgary, 2500 University Drive NW, Calgary, Canada
e-mail: s.j.marrink@rug.nl

Our current understanding of the detailed organization of cell
membranes remains rather elusive, because of the challenge to
study fluctuating nanoscale assemblies of lipids and proteins
with the required spatio-temporal resolution. Here, we use
coarse-grain molecular dynamics simulations [1] to characterize
the lipid environment of ten different membrane proteins. To
provide a realistic lipid environment, the proteins are embedded
in a model plasma membrane, where more than 60 lipid species
are represented, asymmetrically distributed between the leaflets
[2]. The simulations detail how each protein modulates its local
lipid environment in a unique way, through enrichment or
depletion of specific lipid components, resulting in non-uniform
thickness and curvature gradients [3]. Our results provide a
molecular glimpse of the complexity of lipid-protein interactions
in a realistic environment, with implications for our
understanding of the overall organization of real cell membranes.

References
[1]
H.I. Ingólfsson, C. Arnarez, X. Periole, S.J. Marrink. J. Cell Science, 129, 257-268 (2016).
[2]
H.I. Ingólfsson, M.N. Melo, et al.,. JACS, 136, 14554-14559 (2014).
[3]
V. Corradi, E. Mendez-Villuendas, et al., ACS Central Science, in press (2018).
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Invited Talks
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I1
Studying Covalent and Non-Covalent Protein-Lipid Interactions In Cells
Britta Brügger
Heidelberg University Biochemistry Center
e-mail: britta.bruegger@bzh.uni-heidelberg.de

Recent advances in chemical biology have made available a number of promising tools to identify
specific protein-lipid interactions. One of these approaches relies on functionalized lipids that resemble
their endogenous counterparts but include reactive groups. These functionalities include photoactivatable
groups to perform UV-dependent crosslinking of lipids to molecules in close proximity, and click
functions to covalently add reporter molecules. Reporters include fluorescent molecules to allow for
visualization of lipids and their crosslinked partners or affinity tags to perform proteome-wide mappings
of protein-lipid interactions. We will discuss approaches we are using to study lipid metabolism and
protein-lipid interactions in different cellular systems.
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I2
Simulations of APOA1 Mimetic Peptides
Richard W. Pastor and Mohsen Pourmousa
National Heart, Lung, Blood Institute, National Institutes of Health, Bethesda MD USA
e-mail: pastorr@nhlbi.nih.gov

High Density Lipoprotein (HDL), popularly known as “good cholesterol,” is an assembly of lipids and
proteins that is protective against cardiovascular diseases. It begins as a nanodisc stabilized by two copies
of apolipoprotein A-I (APOA1) configured in an anti-parallel double belt, albeit with some disorder at the
N and C-termini (Fig.1 left) [1]. HDL-like nanodiscs can also be stabilized by short peptides. These
nanodiscs remove (efflux) cholesterol from cells much like naturally occurring HDL and are promising
new therapeutics for cardiovascular diseases. Recent simulations of APOA1 mimetics composed of
glutamine, leucine, and lysine (hence named ELK) indicate that the arrangement of peptides on the
nanodisc edge is closer to a “picket-fence” (peptides oriented along the normal to the disc surface) rather
than the belt-like APOA1 [2,3]. However, a slight charge mismatch between adjacent peptides leads to an
overall tilt which exposes parts of the acyl chains to water and potentially destabilizes the assembly (Fig
1, center). This observation motivated the design of a new APOA1 mimetic peptide, ELK-Q (named for
the glutamine substitution), to stabilize vertical picket fence arrangement by removing the charge
mismatch and optimizing interactions of residues between adjacent peptides. A simulation of ELK-Q on a
nanodisc confirmed the vertical arrangement (Fig. 1, right), and subsequent experiments demonstrated a
higher efflux ability of the new peptide than any in the ELK family.

Fig 1. Belt-like arrangement of APOA1 on a nanodisc edge (left); an ELK peptide in a tilted picket-fence
(center); ELK-Q in a vertical picket-fence (right).

Acknowledgments: This research was supported in part by the Intramural Research Program of the NIH,
National Heart, Lung and Blood Institute. Anton computer time was provided by the Pittsburgh
Supercomputing Center (PSC) through Grant R01GM116961. The Anton machine at PSC was generously
made available by D.E. Shaw Research.
References
[1]
M. Pourmousa, H.D. Song, Y. He, J.W. Heinecke, J.P. Segrest, and R.W. Pastor, Proc. Natl.
Acad. Sci. U.S.A., 115, 5163 (2018).
[2]
R.M. Islam, M. Pourmousa, D. Sviridov, S.M. Gordon, E.B. Neufeld, L.A. Freeman, B.S. Perrin
Jr., R.W. Pastor, and A.T. Remaley. Scientific Reports, 8, 2956 (2018).
[3]
M. Pourmousa and R.W. Pastor. BBA – Biomembranes, in press (available on line).
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I3
Folding Pathways of Single Membrane Proteins Guided by Translocases
and Insertases
Tetiana Serdiuk
Department of Biosystems Science and Engineering, ETH Zurich, 4058 Basel, Switzerland
e-mail: tetiana.serdiuk@bsse.ethz.ch

How transmembrane proteins insert and fold into cellular membranes is not fully understood. One of the
problems is the lack of experimental methods allowing investigating the process of polypeptides insertion
and folding into lipid bilayers at physiological conditions. We introduced a method to observe the assisted
insertion and folding of individual transmembrane proteins. As a model system, we employ a polytopic αhelical membrane protein, the lactose permease (LacY). Here we study the insertion and folding of single
LacY assisted by (i) the SecYEG translocon, (ii) the YidC insertase, and (iii) the combined action of
SecYEG translocon and the YidC insertase.
In our experiments, we first mechanically unfold and extract a single LacY from a phospholipid
membrane, transport the fully unfolded polypeptide to another membrane and characterize the insertion
and folding of LacY into the lipid bilayer. We observe insertion and folding of LacY only in the presence
of translocases or insertases. Both SecYEG and YidC insert LacY along multiple co-existing pathways to
complete folding of the native LacY structure.
We will present our methodological development and discuss our results revealing fundamentally
different mechanisms by which YidC and SecYEG individually and collectively insert and fold α-helical
membrane proteins.
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I4
Monitoring the Blood Lipidome for Health and Disease
Kai Simons
Max Planck Institute for Molecular Cell Biology and Genetics and Lipotype GmbH, Dresden, Germany
e-mail: simons@lipotype.com

Lipids are important building blocks of life. Their main function is to form the matrix of our cell
membranes where they support a variety of functions essential for life. This 2-dimensional fluid matrix
has evolved incredible material properties. One is the capability to sub-compartmentalize the fluid into
dynamic cholesterol-stabilized sphingolipid-protein assemblies that function in membrane trafficking,
signalling and other membrane functions. This capability is a property of cell membranes that are poised
close to a phase transition, enabling coalescence into subdomains. For this to occur, the lipid and the
protein composition has to be tightly regulated. We have developed a shotgun mass spectrometry
platform that now can analyse hundreds of lipids in only a few minutes with absolute quantification. This
effective routine of shotgun lipidomics became possible by introducing a unique workflow that combined
improved extraction protocols with cutting edge mass spectrometry and novel software. We have used
this technology to analyze blood and plasma with the aim to establish multi-parametric lipid signatures
that measure health and disease. Our data suggest that the blood lipidome is a quantitative measure of the
generalized metabolic status in the body.
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I5
Revealing the Structural Basis for GPCR Signaling and Membrane
Transport Through Atomic-Level Simulation
Ron Dror
Stanford University
e-mail: ron.dror@stanford.edu

In order to address longstanding questions about the function of two large and critical classes of
membrane proteins, we have used molecular dynamics simulations in close coordination with
complementary experimental approaches.
Roughly one-third of all drugs act by binding to G-protein-coupled receptors (GPCRs) and either
triggering or preventing receptor activation. The process by which they do so has proven difficult to
determine, however, despite dramatic recent advances in GPCR crystallography. We have used molecular
dynamics simulations to reveal the processes by which drugs bind to GPCRs, by which GPCRs transition
between active and inactive states, and by which GPCRs stimulate G proteins and arrestins.
Transporters shuttle molecules across cell membranes by alternating among distinct conformational
states. Despite decades of study, fundamental questions remain about how transporters transition between
states and how such structural rearrangements regulate substrate translocation. We have captured the
translocation process by unguided atomic-level simulations, providing an atomic-level description of
alternating access transport.
Our results suggest opportunities for the design of drugs that achieve greater specificity and control
receptor signaling more precisely.
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I6
The Compositional, Biophysical, and Functional Asymmetry of the
Mammalian Plasma Membrane
1

I. Levental1, K.R. Levental1, J.H. Lorent1
University of Texas Health Science Center at Houston
e-mail: ilya.levental@uth.tmc.edu

The plasma membrane is the interface between a cell and its environment, and is therefore responsible for
a myriad of parallel processing tasks that must be tightly regulated to avoid aberrant signaling. To achieve
this functional complexity, mammalian cells produce hundreds of lipid species that are actively turned
over and trafficked to produce spatial and temporal gradients between cellular compartments. In addition
to the plethora of regulatory roles performed by individual lipid molecules, membrane physiology is
strictly dependent on the biophysical phenotypes – including membrane fluidity, rigidity, lipid packing,
and lateral organization – arising from the collective behaviors of lipids. I will present the results of two
distinct projects that address (1) the compositional and biophysical asymmetry of the mammalian plasma
membrane and its functional consequences; and (2) the structural determinants and functional
consequences of protein association with ordered membrane domains. Both projects explore the
relationship between membrane organization and cellular function, ultimately demonstrating that
membrane phenotypes are central regulators of cell physiology.
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I7
More Than Just Fat: Protein-Lipid Interactions in Protein
Oligomerization and Signaling
S. Gahbauer1, S.A. Kirsch1, A. Sandoval-Perez2, K. Pluhackova3, R.A. Böckmann1
1

University of Erlangen-Nürnberg, 91052 Erlangen, Germany
2
Universidad de los Andes, Bogota, Colombia
3
ETH Zurich, D-BSSE, 4058 Basel, Switzerland
e-mail: rainer.boeckmann@fau.de

The interaction of proteins and peptides with lipids is important for a wealth of biological processes,
ranging from cell lysis, membrane fusion, transmembrane transport, to signaling and cell-cell
communication. Proteins and lipids mutually influence their structure, localization, and mobility and thus
function of each other.
The heterogeneity at the membrane/water interface plays a crucial role in the protein-lipid interactions: It
yields a directionality, enables a stable anchoring of transmembrane proteins, and allows for specific
targeting of peripheral proteins to distinct membrane domains. Here we report a novel hydrophobicity
scale that allows to quantify the binding strengths of peptides to the membrane-solvent interface. The
comparison of peptide toxicity and interfacial membrane binding energy reveals favorable peptide
interactions with the headgroups of phosphatidylcholine lipids – the main component of eukaryotic
plasma membranes – as the main driving force for the hemolytic activity of peptides.
Using multi-scale molecular dynamics simulations, we further show how a surface-attached coiled-coil
[2], or membrane-embedded peptides [3,4] and proteins shape the membrane environment, i.e. induce
membrane curvature, and bias the lipid structure and mobility. In contrast, protein function is coupled to
the lipid environment: Cholesterol may e.g. both induce as well as suppress specific GPCR dimers as
discussed for different chemokine receptors [5,6]. Receptor oligomerization may thus be linked to
membrane (nano)domain association of receptors as shown for the B cell receptor.

References
[1]
A. Sandoval-Perez, K. Pluhackova, R.A. Böckmann. J. Chem. Theory Comput., 13, 23102321 (2017)
[2]
M. Rabe, C. Aisenbrey, K. Pluhackova, V. de Wert, A. L. Boyle, D. F. Bruggeman, S. A.
Kirsch, R.A. Böckmann, A. Kros, J. Raap, B. Bechinger. Biophys. J. 11, 2162-2175 (2016)
[3]
A. Sandoval, S. Eichler, S. Madathil, P. J. Reeves, K. Fahmy, and R.A. Böckmann.
Biophys. J., 111, 79-89 (2016)
[4]
J. Han, K. Pluhackova, D. Bruns, R.A. Böckmann. BBABiomembr., 1858, 855-865 (2016)
[5]
K. Pluhackova, S. Gahbauer, F. Kranz, T.A. Wassenaar, and R.A. Böckmann. PLoS Comp.
Biol., 12, e1005169 (2016)
[6]
S. Gahbauer, K. Pluhackova, R.A. Böckmann. PLoS Comp. Biol., 14, e1006062 (2018)
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I8
The Unconventional Secretory Pathway of Fibroblast Growth Factor 2: A
Direct Gateway Into the Extracellular
1

W. Nickel1
Heidelberg University Biochemistry Center (BZH), Im Neuenheimer Feld 328, 69120 Heidelberg, Germany
e-mail: walter.nickel@bzh.uni-heidelberg.de

Multiple mechanisms of protein secretion have been identified in eukaryotes that do not involve the
endoplasmic reticulum (ER) and the Golgi apparatus. One example is the type I pathway with Fibroblast
Growth Factor 2 (FGF2) being the most prominent example. Unconventional secretion of FGF2 from
cells is mediated by direct protein translocation across the plasma membrane. A unique feature of this
process is the ability of FGF2 to form its own membrane translocation intermediate through
oligomerization and membrane insertion. This process depends on the phosphoinositide PI(4,5)P2 at the
inner leaflet and results in the formation of lipidic membrane pores in the plasma membrane. Various
lines of evidence suggest that these pores are characterized by a toroidal architecture with FGF2
oligomers being accommodated in the center of these structures. At the outer leaflet of the plasma
membrane, membrane proximal heparan sulfate proteoglycans are required for the final step of FGF2
translocation into the extracellular space. Based upon mutually exclusive interactions of FGF2 with
PI(4,5)P2 versus heparan sulfates, an assembly/disassembly pathway has been proposed to be the
underlying principle of directional transport of FGF2 across the plasma membrane. Thus, the core
mechanism of unconventional secretion of FGF2 is based upon three discrete steps with (i)
PI(4,5)P2 dependent oligomerization of FGF2 at the inner leaflet, (ii) insertion of membrane spanning
FGF2 oligomers into the plasma membrane and (iii) disassembly at the outer leaflet mediated by heparan
sulfates that subsequently retain FGF2 on cell surfaces. This process has recently been reconstituted with
an inside-out membrane model system using giant unilamellar vesicles providing a compelling
explanation of how FGF2 reaches the extracellular space in an ER/Golgi independent manner.
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I9
Sensing and Creating Mechanical Forces by Protein Assembly
1

A. Saric1
University College London, Gower St, WC1E 6BT London, United Kingdom
e-mail: a.saric@ucl.ac.uk

Responding to mechanical cues and producing mechanical forces is central to survival and adaptation of
all organisms. To do so, cells dynamically organise a large number of membrane proteins into functional
nanoscale structures. These assembly processes translate between mechanical and chemical signals and
enable communication between the cell interior and its environment. Due to their multiscale nature, such
processes are challenging to resolve with current experimental techniques and are too complex for
detailed molecular simulations. Coarse-grained computer simulations, rooted in statistical mechanics and
soft-matter physics, can be of great help in determining how functional protein nanostructures operate.
Here we study cooperative gating of mechanosensitive membrane channels, and the production of
mechanical forces by elastic protein filaments that remodel cell membranes, using minimal coarsegrained computer models. We provide quantitative predictions for understanding of the action of bacterial
mechanosensitive channels, from molecular to cellular scales, and the assembly and function of ESCRTIII filaments in cell trafficking and division. Beyond their biological context, our findings can also guide
the design of artificial structures that mechanically sculpt cells and sense mechanical forces at the
nanoscale.

Fig. 1 (a) Cooperative gating of membrane mechanosensitive channels. (b) Elastic protein
filaments remodeling cell membranes.
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I10
Nanoscale Membrane Dynamics Revealed by Ultrahigh-Speed SingleMolecule Tracking
Yi-Hung Liao1, Chih-Hsiang Lin1, Wai Cheng (Christine) Wong1, Ching-Ya Cheng1,
Chia-Lung Hsieh1
1

Institute of Atomic and Molecular Sciences (IAMS), Academia Sinica, 10617 Taipei, Taiwan
e-mail: clh@gate.sinica.edu.tw

Biological membranes are dynamic and spatially heterogeneous. Both characteristics are found to be
crucial for many membrane functions where proper molecular assembly and local interaction at the
nanoscale are essential. Probing membrane structures and dynamics at the nanoscale is therefore
important for understanding the regulation mechanisms of membrane functions. Single-molecule tracking
is a powerful method of measuring the membrane dynamics at the single-molecule level [1]. However,
such measurement becomes challenging when high spatial and temporal resolutions are needed
simultaneously. More than a decade ago, by using high-speed single-particle tracking (SPT) at 25 kHz
and 40 nm gold nanoparticles as labels, Kusumi and his coworkers disclosed the compartmentalized hop
diffusion of plasma membrane molecules caused by the actin filaments underneath the membrane [2]. It
was shown that high spatiotemporal resolution is absolutely necessary for unveiling the true membrane
dynamics at the nanoscale. Despite the great success of high-speed SPT at the time, experimental data of
nanometer-precise single-molecule dynamics at a length scale < 100 nm is still very rare. This is partly
because such high-speed and high-precision measurement is technically difficult. In addition, there have
been great concerns about the large gold nanoparticle label that possibly creates experimental artifacts
due to its large size [3].
In this talk, I will present the recent advancement of scattering-based interferometric laser microscopy,
including interferometric scattering (iSCAT) and coherent brightfield (COBRI) microscopy, which
enables ultrahigh-speed single-molecule tracking at the nanoscale [4-7]. When using small gold
nanoparticles (as small as 10 nm in diameter) as labels to the membrane molecules, their motion can be
determined with nanometer spatial precision up to 390 kHz (corresponding to a temporal resolution of
2.56 μs). I will also show the importance of monovalent labeling of the gold nanoparticle to the target
molecule. When true monovalent binding of the nanoparticle to biotinylated lipid is achieved in a
homogeneous model membrane, fast and free diffusion is measured with gold nanoparticle as large as 40
nm in diameter. Using interferometric laser microscopy and monovalent gold nanoparticle labeling, we
explore single lipid molecule diffusion in live cell plasma membranes at nanometer length scale and
microsecond timescale.
This work was supported by the Career Development Award of Academia Sinica and the Ministry of
Science and Technology, Taiwan (grant no. 105-2112-M-001-016-MY3).
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[1]
M. J. Saxton and K. Jacobson, Annu. Rev. Biophys. Biomol. Struct., 26, 373-399 (1997).
[2]
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In this talk I will give an overview of the computational steps in the analysis of a single cell-based highcontent screen. First, I will present a novel microscopic image correction method designed to eliminate
vignetting and uneven background effects which, left uncorrected, corrupt intensity-based measurements.
I will discuss methods capable of identifying cellular phenotypes based on features extracted from the
image using advanced machine learning algorithms. For cases where discrete cell-based decisions are not
suitable, we propose a method to use multi-parametric regression to analyze continuous biological
phenomena. Finally single cell selection and isolation methods will be discussed.
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Physics of Cell Adhesion: The Role of the Membrane in the Protein
Recognition Process
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2
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In embryogenesis, vertebrate cells assemble into organized tissues. In metastatic cancer, cells spreading in
the circulatory system build cell-cell contacts with the surrounding tissue to establish new tumors. At the
root of these life-forming or life-threatening biological phenomena is cell adhesion, the binding of a
biological cell to other cells or to extracellular matrix. The most obvious fundamental question to ask is
then as follows: What factors control or govern cell adhesion? For a long time, the paradigmatic answer
to this question was that specific protein molecules embedded in the cell wall (or membrane) were
responsible for cell adhesion, in either a key-lock fashion (in cell-cell adhesion) or a suction-cup fashion
(in cell-matrix adhesion). But, a new realization has emerged during the past two decades that physical
mechanisms, promoted by the cell membrane, play an unavoidable, yet not fully understood role.
Although these physical elements, namely membrane fluctuations and ability to change shape, do not at
all depend on any specific proteins, they can have a major impact on the protein-mediated adhesion, and
can be viewed as mechanism that controls the binding affinity to the cell-adhesion molecules. In my talk I
will show how these mechanisms can be studied in mimetic models both experimentally and theoretically,
the result of which will be discussed in the cellular context.
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Challenges in Observing Molecular Membrane Dynamics – A SuperResolution microscopy Approach
2

C. Eggeling1,2,3, E. Sezgin3

Friedrich‐Schiller‐University Jena, Institute of Applied Optics, 07743 Jena, Germany Finland
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3
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Molecular interactions are key in cellular signaling. They are often ruled or rendered by the mobility of
the involved molecules. We present different tools that are able to determine such mobility and
potentially extract interaction dynamics. Specifically, the direct and non-invasive observation of the
interactions in the living cell is often impeded by principle limitations of conventional far-field optical
microscopes, for example with respect to limited spatio-temporal resolution. We depict how novel details
of molecular membrane dynamics can be obtained by using advanced microscopy approaches such as the
combination of super-resolution STED microscopy with fluorescence correlation spectroscopy (STEDFCS). We highlight how STED-FCS can reveal novel aspects of membrane bioactivity such as of the
existence and function of potential lipid rafts.
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Anomalous Diffusion in Membranes
Ralf Metzler
University of Potsdam, Institute of Physics & Astronomy, Karl-Liebknecht-St 24/25, 14476 Potsdam, Germany
e-mail: rmetzler@uni-potsdam.de

I will present results from Molecular Dynamics simulations of pure and crowded lipid bilayer systems,
giving evidence of anomalous diffusion. While in the pure lipid bilayer this anomaly is very short ranged,
the addition of cholesterols or the passage to the gel phase leads to extended anomalous diffusion. The
character of the dynamics corresponds to that of the fractional Brownian motion in the dilute bilayer,
changing to non-Gaussian motion when the bilayer is crowded with proteins. Real biological membranes
show macroscopic anomalous diffusion, which is evidenced from superresolution microscopy
experiments. In particular the motion becomes non-ergodic and ageing. Theoretical models for the
anomalous diffusion will be discussed, in particular for the anomalous-to-normal crossover and the nonGaussian displacement distribution.
References:
[1] R Metzler, J-H Jeon, and AG Cherstvy, Biochim Biophys Acta 1858,
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Lipid Transport at ER Membrane Contact Sites
Elina Ikonen
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A Compressible Simulation Model for Membranes: Faithful Treatment of
Lipid Position and Surface Tension at the Continuum Level
Frank Brown
Department of Chemistry and Biochemistry and Department of Physics, University of California, Santa Barbara,
California 93106, USA
e-mail: flbrown@chem.ucsb.edu

The Canham-Helfrich model for membrane shape energetics is extended to account for local
compressibility within the membrane plane. With minor and natural modifications, this extended model is
equally well suited to the study of true membranes (quasi-two-dimensional sheets in a three-dimensional
space) and "reduced dimensionality membranes" (quasi-one-dimensional curves in a two- dimensional
space) that have become popular in the theoretical literature. This approach is shown to quantitatively
reproduce the results of particle based simulations, even when studying effects where existing continuum
models from the literature fail. The model is used to numerically predict the extent of bending modulus
renormalization at long length scales; the magnitude of the renormalization is somewhat larger than
obtained in prior theoretical treatments.
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Linking the Short and the Long Time Dynamics of Anomalously Diffusing
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In the presentation it will be shown that the anomalous diffusion of molecules in lipid bilayers can be
described by a simple two-parameter model for their velocity autocorrelation function [1]. The model
links the short time dynamics of the molecules to their diffusive long time dynamics, which is
mathematically reflected in the long-time tail of the velocity autocorrelation function [2] and in the lowfrequency behavior of its Fourier transform [3]. Since both the model velocity autocorrelation function
and its Fourier transform have an analytical form, our model can be directly used to interpret
experimental spectroscopic data from quasielastic neutron scattering experiments on lipid bilayers and
biological membranes in general.
The study is based on Molecular Dynamics simulations of a fully solvated POPC bilayer, using the allatom OPLS force field [4] and the coarse-grained MARTINI force field [5]. Although the latter seems to
accelerate the dynamics globally, it turned out to be very useful for the development of our simulationbased dynamical model since it leads to more coherent results through access to longer time scales and
through improved statistics.
References:
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Role of Lipid Interactions in Enzyme Reactions
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Membrane-embedded enzymes catalyze reactions in the complex environment of the fluid lipid bilayer.
To understand how lipids shape the reaction mechanism of membrane-embedded enzymes, we study the
lipid interactions of rhomboid proteases - intramembrane proteases that cleave other transmembrane
substrates. Docking of the substrate by the rhomboid proteases is thought to involve motions of a loop
and of a transmembrane helix that are close to the active site of the protease. Molecular dynamics
simulations of the protease in different lipid membranes indicate that protein dynamics, including motions
close to the active site, depend on the lipid membrane, and that both the lipid headgroup and the length of
the alkyl chain impact lipid interactions at the substrate-binding site of the enzyme. These observations
suggest that specific lipids could interfere with substrate binding.
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Single Particle Cryo-EM of TRP Channels in Lipid Nanodisc
Yifan Cheng
Howard Hughes Medical Institute/Department of Biochemistry and Biophysics,
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e-mail: yifan.cheng@ucsf.edu

Single particle cryo-EM is capable of studying structures of integral membrane proteins in near native
lipid bilayer environment, using lipid nanodisc as a platform. In a number of recent structural studies of
various TRP channels, we used lipid nanodisc approach to obtain high-resolution channel structures in
lipid bilayer environment, and observed specific lipid-protein interactions that play critical role in
regulating the channel functions. In TRPV1 ion channel, as an example, certain specific lipid-protein
interactions enhance binding of a spider toxin to the channel through formation of a toxin-lipid-TRPV1
tripartite complex, and an endogenous phosphatidylinositol occupies the capsaicin-binding site of the
channel. These observations provide important clues about physiological mechanisms of channel
regulation.

31

I20
An Experimental Look at Hydrophobic Mismatch
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T. Walz1
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e-mail: twalz@rockefeller.edu

Hydrophobic mismatch, the difference between the hydrophobic thickness of a membrane protein and its
surrounding lipid bilayer, is thought to be a general mechanism by which the membrane environment can
affect the function of membrane proteins or their organization within a membrane. To experimentally test
this notion, we used cryo-EM to study the structure of membrane proteins in the context of lipid bilayers.
Structures obtained by electron crystallography of the water channel aquaporin-0 (AQP0) reconstituted
into two-dimensional (2D) crystals with lipids that form bilayers of different thickness showed no
evidence that the lipid bilayer affects the structure of AQP0. However, structures of AQP0 in raft lipids
suggest principles that may underlie AQP0 array formation and potentially raft formation in general, for
which hydrophobic mismatch may be a contributing factor. For the mechanosensitive channel MscS
reconstituted into nanodiscs with different lipids, structures obtained by single-particle cryo-EM revealed
that extreme hydrophobic mismatch can open the channel, but it does not appear to be the mechanism that
regulates MscS under physiological conditions.
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Fast and Precise Kinetics in the Few-Encounter Limit: On the Trail of the
Fastest Among Fast
Aljaz Godec
Mathematical Biophysics Group, Max Planck Institute for Biophysical Chemistry, Göttingen, Germany
e-mail: agodec@mpibpc.mpg.de

Contrasting standard reaction kinetics governed by the average time until the first barrier crossing or a
reactive collision of two molecules, competitive kinetics are governed by the fastest event. Examples
thereof are the binding of the first of 102-104 identical transcription factors to its target gene modulating
transcription, or the first misfolded protein seeding protein aggregation, to name but a few. Two puzzling
features of such kinetics in the few-encounter limit, which evade existing theories, are their speed and
markedly suppressed fluctuations.
We will outline a general theory of kinetics in the few-encounter limit, which based on the full statistics
of reactive trajectories. It reveals that the boost in speed and precision is in fact inherent to the fewencounter limit, regardless of the details of the transport. We will explain the first crossing-time statistics
in the exploration of rugged energy landscapes, and discuss molecular search processes. These results are
thought to be important for explaining quantitatively the occurrence of diseases triggered by protein
misfolding and the robust speed and precision of transcription regulation.
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Biomembranes Are Modulated by the Interplay of Lipids, Ions, Proteins,
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Biological membranes are complex entities even in their simple forms. It is fascinating that even the
most studied binary mixtures remain to be a source of debate and exciting discoveries. For example,
we had to wait nearly three decades until an atomistic simulation model was able to glimpse a
behaviour consistent with the liquid-ordered/liquid-disordered coexistence region proposed by Vist
and Davis for a binary mixture of DPPC and cholesterol (CHOL) [1]. Yet, our data for this phase
diagram region rebut the idea of phase coexistence. Instead, they show an increase in the local
heterogeneity within a single phase, resulting in a relatively complex nano-scale structure composed of
three distinct zones with different ordering characteristics and CHOL concentrations.
Besides lipid composition, other features can also alter the membrane structure. One is the membrane
interaction with mono- and divalent atomic cations, which are of paramount importance in signalling.
Ions are known to affect membrane ordering, head group presentation, and surface charge. We showed
for a binary mixture of phosphatidylcholine (PC) and CHOL that the number of Na+ at the membrane
surface depends only on the number of PCs [2]. However, Similarly, the number of Ca 2+ depends only
on the total membrane surface area [2]. This difference suggests a potential mechanism for cells to
modulate the ion–membrane interaction by optimising their lipid composition.
In recent work, we studied the consequences of lipid-protein interactions and found that
polyunsaturated lipids have an active role in the dimerization of the adenosine A2A and dopamine D2
receptors [3]. In related studies we explored the protein-modulation properties of ceramides, which
was found to interact in a specific manner with selected protein motifs of the LAPTM4B protein which
simultaneously promote micelles intake [4].
Most recently, we have switched gears to focus on the glycocalyx, the sugar coating on top of the
plasma membrane, to understand how it affects the underlying membrane properties.
Time allowing, we close the talk by discussing about certain methodological issues related to
improving the accuracy and validity of complex simulation tools [5,6].
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The actin cytoskeleton provides force for several vital cellular processes including migration,
morphogenesis, cytokinesis, and endocytosis. The organization and dynamics of the actin cytoskeleton in
these processes are controlled by a large array of actin-binding proteins. Interestingly, the activities and
subcellular localizations of many actin-binding proteins are regulated by membrane phospholipids,
especially by PI(4,5)2. However, the precise mechanisms by which actin-binding proteins associate with
PI(4,5)P2 –rich membranes have remained elusive. By using a combination of biochemical assays,
atomistic molecular dynamics simulations, and in vitro photobleaching/activation approaches, we
revealed the precise molecular mechanisms by which central actin-binding proteins, cofilin, twinfilin, and
ezrin interact with PI(4,5)P2 –rich membranes. Moreover, we provide evidence that actin-binding proteins
associate with phosphoinositide-rich membranes with drastically different kinetics that correlate with
their roles in cytoskeletal dynamics.
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Targeting transmembrane proteins to specific cellular regions is essential for proper cell function.
Extensive work has been done to identify specific protein/protein interactions, specific motives, active
processes governing protein targeting as well as the contribution of hydrophobic mismatch. However,
membranes in cells can be locally highly curved, with curvature radii of tens of nanometers. Thus,
matching protein shape to the underlying membrane curvature provides an alternative targeting
mechanism, as we previously demonstrated (1). However, how much membrane curvature can affect
membrane protein function and in return, how protein shape change upon functioning can modulate its
localization has not been investigated. We have studied BmrA, a bacterial homologue of the human ABC
(ATP Binding Cassette) transporter human P-glycoprotein (2, 3), to understand the feedback between
protein function, conformation and the physicochemical properties of its surrounding membrane
including lipid composition and membrane curvature. Upon ATP binding and hydrolysis, BmrA switches
conformation between an apo ("open") and a post-hydrolytic state ("closed"). The protein was
reconstituted in small (3) and giant liposomes (GUVs). We could first demonstrate with small liposomes
that different negatively charged and PE lipids stimulate the protein ATPase activity. Furthermore, we
showed that the activity is inhibited at least two-fold in vesicles when decreasing the diameter of the
liposomes from 150 nm down to 30 nm. Next, with our nanotube pulling assay from GUVs containing
BmrA at surface fraction ≈ 1% and the analysis of fluorescent proteins enrichment in the nanotubes, we
could demonstrate that the trans-membrane domain of BmrA exhibit 2 contrasted spontaneous curvature
C0: a high positive C0 in the in the apo-state, and a negative C0 (-1/7.5 nm-1) in the post-hydrolytic state
(Fig. 1). In the apo-state, BmrA sorting kinetics is very slow but leads to a gradual constriction of the tube
at constant membrane tension, down to tube radius ≈ 30 nm and an enrichment factor of the order of 30.
Eventually, analysis of protein sorting in the presence of ATP suggests that BmrA remains a large
fraction of its cycle in the "closed" state. Globally, this shows that localization of this type of proteins in
cell membranes should strongly depend on their activity, which itself is modulated by membrane shape.
Figure 1: BmrA conformational change upon ATP
hydrolysis switches the spontaneous curvature C0 of
its transmembrane part from a positive value in the
apo-state (left) to a negative one in the posthydrolytic state (right).
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Spatiotemporal control of LD formation sites by seipin complexes
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Lipid droplets (LDs) are ubiquitous intracellular organelles, consisting of a core of neutral lipids
surrounded by a phospholipid monolayer. Their main function is to store energy in times of excess and
release it when needed. During LD formation, it is postulated that neutral lipids first accumulate within
the endoplasmic reticulum (ER) bilayer in spatially restricted subdomains and then bud off into the
cytoplasm as nascent LDs. Seipin is a homo-oligomeric ER membrane protein of unknown molecular
function, implicated in LD biogenesis and mutated in severe congenital lipodystrophy (BSCL2). We have
previously shown that seipin is crucial for the early steps of LD formation in human cells, with seipin
complexes accumulating at nascent ER-LD contact sites, enabling their growth [1]. We are now further
characterizing the role of seipin in LD formation in human cells.
We use CRISPR/Cas9–mediated endogenous tagging of seipin and other key LD proteins in combination
with live cell super resolution microscopy to characterize the dynamics of nascent LD formation. We also
use correlative light and electron microscopy to elucidate the architecture of LD formation sites and
nascent ER-LD contact sites. We achieve tight spatiotemporal control of LD formation by manipulating
the localization of seipin and concurrent metabolic status of the cells.
Live cell imaging and tracking of seipin oligomers reveals that a fraction of seipin complexes mark predefined LD formation sites. These sites are further stabilized by neutral lipid accumulation in the ER
bilayer. Furthermore, we provide evidence that seipin spatially controls the sites of LD budding from the
ER. Finally, electron tomography indicates a uniform membrane architecture of seipin-mediated ER-LD
junctions. Together, these data suggest a droplet-autonomous structural role for seipin in defining LD
formation sites in the ER.
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Interactions between membrane proteins occur at the expense of those with membrane lipids, much as
interactions between soluble proteins do so at the expense of interactions with water. By analogy with the
hydrophobic effect, which is of paramount importance in soluble protein interactions and folding, we
have proposed a lipophobic effect to be of great importance in membrane protein interactions[1]. We
have further proposed that the molecular origin of this lipophobic effect is the modification of the
configurational entropy of solvent molecules close to membrane inclusions.
Our initial studies, using molecular dynamics simulations [1], showed that such perturbations of the
configurational space occupied by lipid molecules involve multiple solvation layers and extend many
nano-meters from the protein surface. Furthermore the details of these perturbations depend on the
geometry of the protein surface, and thus the amino-acid sequence of the protein transmembrane domains.
These observations are important as they link molecular effects to long distance interactions between
membrane proteins that have been observed or inferred by us and others [2-3].
We have extended these initial observations to better understand how the membrane embedded protein
surface modulates the long–range perturbation of membrane lipid configurations and the magnitude and
nature of the lipophobic effect. We have used coarse grained molecular dynamic simulation trajectories
for monomers of several integral membrane proteins to examine the structure and dynamics of lipids
surrounding membrane proteins. These analyses reveal differences between lipids solvating membrane
hidden and membrane exposed surfaces of the proteins. As in our previous analyses these differences
extend a long way from the protein surface potentially giving rise to long–range attractive and repulsive
forces between membrane proteins. We, and others, have inferred such long range forces from observing
protein organization [4], dynamics [5] and behavior both in vivo and in silico [6].
Acknowledgments: This work was supported by the C.N.R.S and Aix-Marseille University.
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Membrane homeostasis requires organized transport of lipids from the endoplasmic reticulum (ER) to
target membrane. Oxysterol binding protein related proteins (ORPs) represent a family of lipid transfer
proteins, two members of which, ORP5/8, attracted high attention recently [1–3]. Experiments performed
in live cells implied ORP5/8 in the control of phosphatidylserine and phosphatidylinositol 4-phosphate
(PI4P) content in plasma membrane. Studies carried on different members of the ORP family indicate that
the two cargo lipids are exchanged for one another [4, 5]. Yet, the underlying mechanism and
understanding of its fine regulation are missing.
Here, we use in vitro reconstitution of the transport in the bottom-up manner using model membranes and
pure recombinant proteins. Next we use various biophysical methods to cast light on the mechanism of
lipid transport by ORP5/8 proteins and its regulation by membrane composition. We first characterize the
individual domains separately (the lipid transfer ORD domain and the membrane targeting PH domain)
and next, we address the domain interplay using the pseudo-full length protein in complex membrane
environment. Specifically, we focus on i) the membrane tethering activity of the proteins, which is an
inevitable prerequisite of the transport and ii) the context of other biochemical processes that are directly
involved in the process, such as dephosphorylation of PI4P by Sac-1 in the ER membrane.
Acknowledgments: The project was supported by Czech Science Foundation grant number 17-05200S
and by Project InterBioMed LO1302 from Ministry of Education of the Czech Republic. The Academy of
Sciences of Czech Republic support (RVO:61388963) is also acknowledged.
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A major fraction of cellular bioactivity occurs at membranes, with the lipidic matrix constituting a
functional, dynamic interface that actively regulates protein activity and cell physiology. These lipid
repertoires are susceptible to perturbations from dietary sources, with potentially profound physiological
consequences. Proper membrane functionality requires maintenance of a narrow range of physical
properties under challenge from external inputs. The most prominent example of such maintenance is
homeostatic adaptation of membrane properties to temperature variation, a fundamental and ubiquitous
design feature in ectothermic organisms. However, direct observation of responsive membrane adaptation
has not been widely observed in mammalian cells.
We recently reported that differentiation of human mesenchymal stem cells (MSCs) into osteoblasts or
adipocytes results in extensive remodeling of the plasma membrane (PM), producing cell-specific
membrane compositions and biophysical properties. The distinct features of osteoblast PMs enabled
rational engineering of membrane phenotypes to modulate differentiation in MSCs. Specifically,
supplementation with docosahexaenoic acid (DHA), a lipid component characteristic of osteoblast
membranes, induced broad lipidomic remodeling in MSCs that reproduced compositional and structural
aspects of the osteoblastic PM phenotype and potentiated osteogenic differentiation. More broadly, our
investigations suggest a general mechanism by which dietary fats affect cellular physiology through
remodeling of membrane lipidomes, signaling, and biophysical properties.
Here, we report that challenging mammalian membrane homeostasis by dietary lipid inputs leads to
robust lipidomic remodeling to maintain membrane physical properties. Specifically, supplementation
with polyunsaturated fatty acids (PUFAs) leads to rapid and extensive incorporation of the exogenous fats
into membrane lipids, inducing a reduction in membrane packing. These effects are rapidly compensated
for by upregulation of saturated lipids and cholesterol via activation of the classical mammalian sterol
regulatory machinery, resulting in recovery of membrane fluidity. Inhibition of membrane remodeling
results in decreased cellular fitness when membrane homeostasis is challenged by dietary lipids. These
results reveal an essential mammalian mechanism for membrane homeostasis, analogous to
homeoviscous adaptation, wherein cells remodel their membrane lipidomes in response to dietary lipid
inputs in order to maintain functional membrane phenotypes.
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Lateral heterogeneities in biological membranes are physiologically important for various cellular
functions. While the nature of structural heterogeneities is relatively well studied, their molecular origin
remains ambiguous. In this work, we discuss our recent investigations on lateral heterogeneity in model
membranes with co-existing fluid phases. Using ideas from physics of amorphous material and glasses,
we employ non-affine deformation based numerical characterization to distinguish between the liquidordered (Lo) and liquid-disordered (Ld) regions in model lipid bilayers [1]. We are able to identify some
non-trivial connections between the lipid-level topological rearrangements and the hydrophobic defects
distributions in phase-separated membranes. The method provides a new framework to explore the
molecular origin of spatiotemporal heterogeneity in biological membranes. We investigate the possible
connections between the nano-scale organizations and the packing defects in the membrane, in the light
of local topological rearrangements of lipids using non-affine deformation measure [2]. We intend to
explore the origin and nature of the structural (and possibly the dynamic) heterogeneities and packing
defects in membranes with co-existing fluid phases, and investigate how these aspects mediate the
binding of peripheral membrane proteins.

Fig. 1: The non-affine deformation measurement (χ2) is used a
marker for lipid order/disorder
Acknowledgments: The authors thank Edward Lyman (and D.E. Shaw Research), Peter Tieleman, and
Carla M. Rosetti for sharing their molecular simulation trajectories. The financial support from IIScBangalore and the Department of Biotechnology (DBT-India), are greatly acknowledged.
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Conditional membrane proteins [1] associate with membranes only in response to binding specific lipid
ligands. The membrane association step is typically of weak-to-moderate affinity to enable the “on” and
“off” signaling response. We report the application of NMR and FRET spectroscopy to gain insight into
the structure, dynamics, and protein-membrane interactions of two fundamentally different conditional
membrane modules, C1 and C2 domains. The domains in question belong to Protein Kinase C (PKC ) [2],
a Ser/Thr kinase that is implicated in cancer progression [3] and Alzheimer’s disease.[4]
The tandem C1 domains (C1A and C1B) undergo
membrane insertion upon binding membraneembedded diacylglycerol, its natural agonist, and
tumor-promoting phorbol esters. C2 associates with
anionic membranes upon binding Ca2+. Simultaneous
association of C1 and C2 with membranes ensures
the coincidence detection of lipid signals and results
in conformational rearrangement and activation of
Fig. 1. C1- and C2-mediated membrane
the enzyme (Fig. 1). Little is known about the
association step is the key event that
membrane-bound state of PKC and its conditional
activates PKC isoenzymes.
peripheral membrane domains.
I will cover three topics in my talk. First, I will report
the first structure of a C1 domain complexed to a
potent tumor-promoting agent in the membrane-mimicking environment. The structure provides novel
insights into molecular mechanisms of C1 membrane recruitment and tumor-promoting response. Second,
I will demonstrate that C2 employs a drastically different mechanism of membrane binding that involves
sequential modulation of its electrostatic potential, and discuss the influence of toxic metal ions on this
process. Third, I will highlight the interplay of C1 and C2 domains in the membrane association step from
the structural and thermodynamic point of view. The thermodynamic advantage of multivalency in the
membrane binding process will be demonstrated using the newly developed protein-to-membrane FRET
experiments.
In aggregate, our results provide a view of conditional membrane domains as highly dynamic entities, in
which the conformational plasticity and the synergistic action of cytosolic and membrane-embedded
ligands define their nuanced signalling response.
Acknowledgments: This work was supported by the NSF CAREER Award CHE-1151435, NIH Grant
R01GM108998, and Welch Foundation Grant A-1784, all to T.I.I.
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Cell membranes, being essentially lipid bilayers hosting membrane proteins, represent quite unique twodimensional interfaces where numerous cellular functions take place. The nanoscale engines underlying
these functions are typically membrane proteins modulated by lipids. Given that the key process driving
and controlling the formation of functional protein-lipid complexes is lateral diffusion, it is critical to
understand on a nanoscale how lipids and proteins diffuse in membranes and how they actually form
functional complexes. Recent advances in the development of single-particle tracking techniques have
lead to breakthroughs in this context, since they have made it possible to image the motion of individual
lipids and proteins with exceptional precision. An excellent example of these novel techniques is highspeed interferometric scattering (iSCAT) microscopy. With the use of gold nanoparticles as labels, it
allows one to follow the motion of individual lipids with a spatial resolution that is of the order of
nanometers [1]. Yet the challenge is to understand the dynamics, since the temporal resolution is of the
order of microseconds, and the influence of labels used in iSCAT is not known. Here we employ
mesoscale computer simulations to unravel the lateral diffusion of gold-nanoparticle-labelled lipids used
in iSCAT experiments. We explore the dynamic behavior of labelled lipid molecules and their labels
(gold nanoparticles) and compare their results to those of label-free lipid molecules used as a reference.
Systematic comparison of labels of a varying size reveals that the dynamics in the sub-microsecond time
regime is actually very rich, giving rise to label-induced effects that can be exceptionally significant. The
simulation results allow us to interpret iSCAT imaging data in detail and provide us with insight on how
to minimize the label-induced effects.
Acknowledgments: This work was supported by the Academy of Finland (A.A.G), its Centre of Excellence
program (M.J., F.L., I.V.), the European Research Council (I.V.), and Magnus Ehrnrooth foundation
(F.L). For computational resources, we wish to thank the CSC - IT Center for Science (Espoo, Finland).
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Protein kinase B/Akt regulates cellular metabolism, survival, and proliferation in response to hormones
and growth factors. Hyperactivation of Akt is frequently observed in cancer, while Akt inactivation is
associated with severe diabetes. Akt is recruited to the plasma membrane via its pleckstrin homology
(PH) domain in response to growth factor or hormone stimulated production of the lipid second
messenger phosphatidylinositol-3,4,5-trisphosphate (PIP3). At the plasma membrane, Akt is activated by
phosphorylation of two motifs in its kinase domain by phosphoinositide-dependent kinase 1 (PDK1) and
mechanistic target of rapamycin complex 2 (mTORC2).
Akt substrates are numerous and their subcellular distributions vary, which has led to a model for Akt
signalling in which Akt dissociates from the plasma membrane in an activated conformation in order to
phosphorylate substrates in distal compartments. However, this model fails to account for the spatial and
temporal kinetics of substrate phosphorylation.
We have demonstrated that the binding of PI(3,4,5)P3 or PI(3,4)P2 to the PH domain allosterically
activates Akt by promoting high-affinity substrate binding. We have obtained biophysical evidence for
the conformational changes in Akt that accompany its activation on membranes, can show that Akt is
robustly autoinhibited in the absence of PIP3 irrespective of its phosphorylation, and have mapped the
autoinhibitory PH-kinase interface. We find that phosphorylation and activation by membrane binding are
mutually interdependent. Moreover, the converse is also true: Akt is more rapidly dephosphorylated in the
absence of PIP3, an autoinhibitory process driven by the interaction of its PH and kinase domains. In
contrast, a transforming mutation in Akt that uncouples kinase activation from PIP3 results in the
accumulation of hyperphosphorylated, active Akt in the cytosol.
In conclusion, physiological Akt activation, substrate phosphorylation, and inactivation are all tightly
coupled to the membrane ligands PI(3,4,5)P3 and PI(3,4)P2, thereby restricting Akt activity to membrane
sites enriched in these signaling lipids. Hyperactivation of Akt in cancer and overgrowth disorders, in
contrast, can promote spatially and temporally deregulated signalling.
Acknowledgments: This work was funded by Austrian Science Fund Grant P 28135 (to T.A.L.), a
University of Vienna Thesis Completion Fellowship (to I.L.), and Hertha Firnberg Postdoctoral
Fellowship T 915 (to L.T.). J.E.B. is supported by a new investigator grant from the Canadian Institutes
of Health Research (CIHR), and Natural Sciences and Engineering Research Council of Canada
Discovery Research Grant NSERC-2014-05218.
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Since the 1970s vast research has been devoted to study the equilibrium properties of membranes as
elastic surfaces. Much less attention has been given to their in-plane dynamics, which is crucial for
protein function. In this talk I will describe the basics of membrane hydrodynamics and give a few
implications of the results.
From a coarse-grained perspective, the membrane could be considered as a quasi- two-dimensional
(Q2D) colloidal suspension, where the lipids play the role of the molecular fluid, and the proteins play the
role of particle inclusions. The lipids are not fixed to their position but are free to move relative to one
another; when introducing a lateral force they will flow. They are restricted to the surface of the
membrane but can exchange momentum with the outer liquid. Thus, their behavior is significantly
different from that of a 2D or a 3D liquid.
The membrane is governed by a characteristic length given by the ratio of the 2D viscosity of the
membrane and the 3D viscosity of the outer fluid. Because of the big difference in viscosities, this
characteristic length is about a micron, i.e. two to three orders of magnitude larger than the membrane
thickness and the typical size of a protein. For small distances, momentum is conserved in the membrane
and the response is 2D in nature, whereas for distances much larger than the typical length momentum is
transferred mostly through the outer liquid and the response shows the characteristics of a 3D flow.
The talk will conclude with a few implications of membrane hydrodynamics: (1) Hindrance of chemical
reactions taking place in a membrane, (2) The effect of membrane proteins on the viscosity of a
membrane, and (3) Fluid mediated self-assembly of ATP synthase proteins in a membrane.
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The fundamental process of biological energy conversion in mitochondria, bacteria and plants depends on
the tight interplay between massive membrane-bound proteins and their lipidic environments. In the
bioenergetic membranes of mitochondria, respiratory complexes catalyze the redox-reactions that are
tightly coupled to proton pumping, which leads to the synthesis of ATP [1]. One of the key enzymes in
this ATP-generating pathway is respiratory complex I, a ~1 MDa nanomachine, whose mechanism and
function remains elusive despite recent surge in structural data from X-ray and cryo-EM techniques [refs.
in 2]. By performing multi-scale computations on the entire structure of bacterial complex I, we provided
first putative insights into the mechanism of complex I [3,4], and found electrostatics and short-to-long
ranged conformational dynamics central to the coupling mechanism. In this talk, I will present our recent
results on the redox-chemistry and dynamics of quinone substrate in bacterial and mitochondrial complex
I. The data from hybrid QM/MM calculations and classical atomistic simulations provide a mechanistic
picture that is congruent with recent proposals [1,2]. Moreover, encompassing dimensions, I will show
how combined coarse-grained and atomistic simulation approaches reveal importance of cardiolipinprotein interactions in complex I stability and function. Understanding lipid-protein dynamics by means
of multi-scale computational approaches has potential in answering subtle questions on mitochondrial
dysfunction, which remains a key cause for several metabolic and neuro-degenerative disorders with
limited treatment options.
Acknowledgments: This work is supported by the research grants from the University of Helsinki,
Academy of Finland and the Sigrid Jusélius Foundation. CSC – IT Center for Science, Finland is
acknowledged for computing time. V.S. thanks Mårten Wikström, Ville Kaila, Gerhard Hummer, Volker
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Cells are neither flat nor smooth, which has serious implications for prevailing plasma membrane models.
Using probability distributions from diffusion simulations, we demonstrate that 2D and 3D Euclidean
distance measurements substantially underestimate diffusion on non-flat surfaces. The shortest within
surface distance (SWSD), the geodesic distance, is a perfect solution for foldable surfaces but it still
underestimates movement on deformed (unfoldable) surfaces. This is caused by the topographical
features themselves being capable of producing both super- and subdiffusion, i.e. the appearance of
anomalous diffusion. Even using the SWSD, topography-uncorrected diffusion measurements are
insufficient to correctly report the interaction between a diffusing species and a surface. Single-molecule
localisation microscopy (SMLM) suggests that almost every plasma membrane protein is organised in
clusters in both resting and activated cells. We establish that clusters could be a consequence of variations
in membrane topography that increase the local membrane density and make molecules that are randomly
distributed appear to be clustered. The solution lies in imaging and factoring out the membrane density.
Using dual colour live cell SMLM, with the fluorophore DiI showing the membrane density together with
either the transferrin receptor (TfR) or the GPI-anchored protein CD59 we demonstrate that the
topography-caused clustering occurs and can be factored out in the subsequent analysis. Nearest
neighbour analysis reveals that DiI and CD59 have similar distributions, whereas the TfR does not. Pair
correlation analysis recognise mere membrane accumulation of randomly distributed molecules as
clusters. Image analysis reveals what clusters are caused by mere topography variations as well as clusters
that would be missed if the membrane density was not considered. We conclude that differentiating
between topography-induced and genuine anomalous diffusion requires characterising the surface by
simulating Brownian motion on high resolution cell surface images and a comparison with the
experimental data and that topography must be considered when deciding if clusters are real or
artefactural. Our findings imply that clustering and anomalous diffusion may be less ubiquitous than the
current literature suggests.
Acknowledgments: This work was supported by grants to from the Swedish Research Council (201504764 to IP and 2014-6075 to IMS) and O. E. and Edla Johansson’s Foundation to IP. We acknowledge
the Advanced Light Microscopy facility at Science for Life Laboratory included in the National
Microscopy Infrastructure (VR-RFI 2016-00968) for excellent support with super-resolution fluorescence
imaging.
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pH is one of the key parameters affecting the function and dynamics of proteins and other biomolecules.
The effect of pH is due to changes in the protonation states of titratable groups, which alter the
electrostatic properties of the biomolecules. Still, being able to dynamically change the protonation states
and altering the pH is not a standard option in most of the classical computer simulation software. Usually
in simulations, protonation states for titratable groups are initially chosen at the given pH, by selecting the
statistically most probable protonation. This prevents the examination of pH-dependent phenomena,
which is why an efficient constant pH molecular dynamics (MD) method in explicit solvent is highly
desired.
The previous version of constant pH MD was released for GROMACS 3.3.3. There, the dynamics of the
-particles was calculated by linearly interpolating between the Hamiltonians of all possible protonation
states [1]. In the version under development, the -dynamics relies on the interpolation of the charges of
the atoms in titratable groups, instead of interpolating the Hamiltonians. With this approach, only the
calculation of the electrostatic potential for the system with interpolated charges is required. Thus, for N
titratable sites only one PME call is needed, instead of the previously required 2N PME calls, resulting in
a huge improvement in speed compared to the previous version.
Implementation of charge interpolation approach is still ongoing and needs to be followed by efficient
parallelization and plenty of testing. The final goal is to implement the new version of constant pH MD as
a permanently updated method in GROMACS, to have it available in all versions in the future.
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Ions and charged peptides can have dramatic effects on the properties of biomembranes. A case in point is
calcium and its crucial role in vesicle fusion.[1] We simulated calcium-mediated vesicle fusion using allatom molecular dynamics[2] and described the effect of calcium on membrane curvature.[3]
Another example of prominent biomembrane deformations caused by ions is the internalization of
arginine rich cell penetrating peptides. We present a new mechanism for entry strongly influenced by
curvature elasticity[2] and discuss the role of ion pairing[4].
With the help of a new approach to determining membrane elastic properties[5] we gain new insights into
the mechanism of membrane fusion and curvature generation by ions. Specifically, we explore the effect
of calcium on the curvature and elastic properties of membranes of different composition. Furthermore,
we apply our methodology to a other charged membrane systems and biorelevant membrane
compositions in order to explore the molecular origins of curvature generation and membrane stiffening
by charged adsorbates.
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The Prolactin (PRLR) and Growth hormone receptors (GHR) are archetypes members of the Class I
Cytokine receptors, a family of single-pass transmembrane-receptors (SPTMRs) that play essential roles
in growth, lactation, hematopoiesis, and immune function. Despite the wealth of information available
about the function and regulation of these receptors, a complete structural picture of how the signal is
transduced from the extra-cellular to the intra-cellular side and the role that membrane composition and
protein/membrane interactions play in this process is still missing [1, 2]. In this sense the seemingly
contradictory observation that regions of the intracellular domain (ICD) of these receptors essential for
binding to JAK kinases [3] may also be involved in lipid specific membrane binding [4] open many
questions about the dynamics and regulation of the signal transduction process at the intra-cellular side.
To shed light into this process we have used all-atom (AA) and coarse-grained (CG) molecular dynamics
(MD) simulations to study the structure, and lipid dependent dynamics of regions of PRLR and GHR that
comprise the transmembrane helix (TMD) and the lipid interaction domains (LID) of their ICD. Also, a
complex of PRLR-LID1 with the FERM-SH2 domain of JAK2 has been built and simulated near
membranes containing different types of lipids to study its structure, dynamics and preferential
interactions and orientation with respect to the membrane.
Our results, agree with experimental observations that specific regions of the ICD of these receptors
interact with the membrane forming preferred contacts with negatively charged lipids. On the other hand,
the PRLR-LID1+JAK2-FERM-SH2 complex shows a preferential membrane binding orientation when
negatively charged lipids are present. In this orientation, the residues that form BOX1 from PRLR interact
with their binding site on JAK2 and with the membrane at the same time. These results points towards the
co-existence of protein-protein and protein membrane interactions and highlight the relevance of
negatively-charged lipids such as PIP2 for receptor function and regulation. These results also provide the
starting point to build more detailed models of the structural organization and dynamics of the intracellular side of these receptors.
Acknowledgments: This work was supported by the Novo Nordisk Foundation Interdisciplinary Synergy
Program.
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Sarcoplasmic reticulum Ca2+-ATPase (SERCA) is a P-type ion transporter from skeletal muscle whose
function consists in pumping Ca2+ from the cytoplasm into the reticulum with the consequent muscle
relaxation. Here, with the object of studying the structural and dynamic behavior of SERCA we
performed molecular dynamics simulations at a coarse grained (CG) level. This kind of simplified
representations allow the study of large size simulation boxes reaching multimicrosecond timescales.
Starting configurations were generated embedding the SERCA reaction state E1-Ca2+ (PDB:5XA7) in
planar lipid bilayers and simulating them through 5 s at a temperature of γ10K. Specific phospholipidprotein interactions reported from crystallographic structures [1] were monitored during the simulations.
Basic residues and lipid phosphate groups formed salt bridges showing two classes of interactions: i) side
chains emerging from the hydrophobic region and fixing particular phospholipids (e.g Lys262) and ii)
side chains approaching the polar head groups from the cytoplasm and changing interacting partners (e.g
Arg110). Along the simulations the transmembrane domain tilted 35º, as observed in experimental data.
This behavior was governed by a Trp belt distributed in the membrane-water interface. The effect of
bilayer thickness over the stability of the transmembrane region was also studied employing bilayers of
different composition. The absence of topological restraints in the force field [2] allowed us to reproduce
conformational changes of the cytoplasmic domains associated with different intermediates along the
functional cycle of the pump that has been previously characterized by FRET experiments [3]. Combined
with experimental data, this in silico approach contributes to better understand the dynamic behavior of
SERCA being also a promising strategy to study other transmembrane proteins.
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FAM134B, a selective ER-pahgy receptor regulates the peripheral ER size and shape [1]. The structure of
its reticulon homology domain (RHD), an element shared with other ER shaping proteins [2, 3], has not
been resolved. Using molecular modeling of individual fragments and extensive atomistic and coarsegrained simulations, we assemble a structural model for the FAM134B-RHD. In coarse-grained
molecular dynamics simulations of the FAM134B-RHD and its constituent fragments, we demonstrate
membrane curvature induction and sensing functions associated with selective ER-phagy. Our
simulations explain previous in vitro liposome remodeling experiments [1]. Disruption of the RHD
structure slows down curvature induction and affects selective autophagy flux leading to disease states
[1,4].
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Phosphatidylinositol 4-kinase III (PI4KB) is an essential host factor for replication of many positivesense single stranded RNA (or +RNA) viruses that was identified using siRNA screen (depletion of
PI4KB leeds to arrest of viral replication). +RNA viruses hijack PI4KB to remodel intracellular
membranes within infected cells to establish functional replication organelles (ROs also known as
replication factories). Therefore, we believede that inhibition of PI4KB isoform would lead to arrest of
viral replication. We first focused on a thorough structure-activity relationship (SAR) starting from a HTS
hit compound and identified a series of selective PI4KB inhibitors. One of these derivatives was cocrystalized with PI4KB and reveal that the inhibitors occupy the same space as the adenine ring of ATP.
Subsequently, we prepared a series of new derivatives, the obtained compounds excel not only in
outstanding inhibitory activity, but also proved to be highly selective to PI4KB in comparison with other
protein and lipid kinases (low nanomolar or even subnanomolar activities against PI4KB without
significant inhibition in wide kinome screen at 1 M). Our crystallographic studies unveiled the exact
position of the side chains and explain their extensive contribution to the inhibitory activity. The obtained
inhibitors were tested in a panel of +RNA viruses and proved to possess profound antiviral effect against
hepatitis C virus (HCV), human rhinovirus (HRV) and coxsackievirus B3 (CVB3). Finally, we attached
fluorophores to our compounds and we showed that these "colored inhibitors" are amazing tools to sudy
PI4KB properties both in vitro and in cells.
Acknowledgments: The project was supported by Czech Science Foundation grant number 17-05200S
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We summarize work that has been carried out over the past decade, using computational molecular
modelling in synergistic combination with a wide range of experimental methodologies, on the
pharmaceutically important enzyme: catechol-O-methyltransferase (COMT) [1]. The enzyme has both a
water soluble (S-COMT) and a membrane bound (MB-COMT) isoform; MB-COMT is a drug target in
relation to the treatment of Parkinson’s diseaseμ selective targeting of this isoform is desirable. This
should also be possible since, while S-COMT and MB-COMT have identical catalytic domains, their
substrate profiles differ [2].
Starting from our initial publication regarding COMT[2] through our study of the trans membrane helix
and linker of MB-COMT [3] and our study of the interaction with different relevant cell membranes of
COMT substrates [4] and, finally, to our determination of the catalytic mechanism of MB-COMT [5] that
differentiates it from S-COMT, and opens the door to the possibility of selective targeting, this
presentation describes a ten year arc of research culminating in the recently published cover article in
Chemical communications.
Our hypothesis was that the substrate differentiation mechanism was interaction with the membrane of
both substrates or potential inhibitors and the catalytic domain of MB-COMT; we thus determined the
catalytic mechanism specific to MB-COMT. We found that (1) substrates with preferred affinity for MBCOMT over S-COMT orient in the membrane in a fashion conducive to catalysis from the membrane
surface and (2) binding of COMT to its cofactor ADOMET induces conformational change that drives the
catalytic surface of the protein to the membrane surface, where the substrates and Mg2+ ions, required for
catalysis, are found. Through Bioinformatics analysis we found evidence of this mechanism in other
proteins, including several existing drug targets.
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Cholesterol is a type of lipid that is biosynthesized by animals, mainly in the liver. It has a variety of
functions, such as participating in signal transmission process in central nervous system (CNS), being a
precursor for the synthesis of vitamin D and numerous hormones like progesterone, testosterone, cortisol.
Cholesterol is essential for the modulation of cell membrane properties, such as membrane fluidity and
thickness.
A lot of studies concerning cell membranes confirm that cholesterol accumulates in clusters with high
content of sphingomyelin and saturated lipids, characterized by a high order parameter and enhanced
resistance to non-ionic detergents like Triton X-100 [1]. These cholesterol-enriched domains create an
appropriate environment for the proper functioning of certain transmembrane proteins, for example G
Protein-coupled receptors (GPCRs) [2]. Also, cholesterol-enriched domains are involved in pathogenesis
of diseases, for instance Alzheimer’s disease [γ].
Our studies are directed towards revealing the molecular driving forces leading to the formation of
cholesterol-enriched domains by using all-atom molecular dynamics simulations. We determine the free
energy profiles for the transfer of cholesterol molecule between POPC and DPPC enriched in 0-40% mol
of cholesterol, also examing the impact of the temperature on the free energy of cholesterol transfer. Our
results are in line with the experiment demonstrating the superiority of repulsive forces over those
attracting in the domain creation process [4]. Our results show that formation of membrane microdomains
is enthalpically driven. Also we decompose enthalpic contributions to the partition driving force and find
that interaction between hydrophobic tails of lipids have a leading effect on the preference of the
cholesterol molecule between phases.
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within the project 2016/23/N/ST4/00378. This research was supported in part by PL-Grid Infrastructure
and by TASK computational center.
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Picornaviruses are +RNA viruses that include many important human pathogens, such as , Polio virus,
Coxsackie virus, Encephalomyocarditis , Aichi virus etc. +RNA viruses replicate at replication organelles
(ROs); membranous structures derived from the host intracellular membranes (Golgi or ER most
often).These ROs provide microenvironment needed for efficient viral replication and also provide shelter
from innate intracellular immunity while serving as a platform for viral replication. The lipid hallmark of
the RO membrane is phosphatidylinositol 4-phosphate (PI4P). However, +RNA viruses do not possess
any phosphatidylinositol 4-kinase (PI4K), instead they hijack the human PI4K enzyme. Many
picornaviruses use the Golgi resident acyl-CoA-binding domain-containing protein-3 (ACBD3) to hijack
the human lipid kinase PI4KB. Another key enzyme for viral replication is the RNA dependent RNA
polymerase (RdRp, called 3Dpol in picornaviruses).This enzyme is not present in non-infected human
cells which makes viral RdRp an ideal target for drug design. Therefore, RdRps are highly studied
enzymes, however, their regulation is not fully understood. Using pure recombinant proteins and
biomimetic model membranes we show that the nonstructural viral 3A protein is sufficient to induce
membrane hyper-phosphorylation given the proper intracellular co-factors (PI4KB and ACBD3).
However, our bio-mimetic in vitro reconstitution revealed that not PI4P but rather the negative charge is
responsible for the recruitment of RdRp enzyme to the viral replication sites. Additionally, we show that
membrane tethered 3B protein cooperates with the negative charge to increase the efficiency of RdRp
membrane recruitment.
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Lipid droplets (LDs) are a long time underrated member of eukaryotic cell organelles and only in the last
years became a subject of large interest. Serving as storage for neutral lipids they play an important role
in regulatory processes regarding lipid metabolism and homeostasis. Thus they are linked to pathological
conditions such as obesity, diabetes, lipodystrophy and steatohepatitis [1].
LD formation is the result of a budding process from the endoplasmatic reticulum, which is extensively
studied by Thiam et al. [2]. The mechanism and proteomics of LDs interacting with organelles in their
later life is still an open research question [1].
Lipidic bridges linking the phosphlipid monolayer of LDs to the organelle bilayer resemble topologically
a hemifusion state and are believed to be a unique feature of LD-organelle contact sites.
We aim to answer questions regarding the nature of LD cellular interactions, especially by investigating
the stability of the mono/bilayer junction. We tackle this problem by deploying our expertise in the field
of membranes and vesicular fusion and methods for retrieving free energy differences [3, 4]. In particular,
we are going to to calculate the minimum free energy path (MFEP) by means of the string method and
molecular dynamics simulations.
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Lateral segregation into ordered and disordered domains may occur when mixing phospholipids (PLs)
with high and low gel-fluid transition temperatures. Cholesterol is known to influence this lateral domain
formation in model membranes, which likely resembles the formation of cholesterol-rich nanodomains in
biological membranes.
Our aim was to study how acyl chain length mismatch between unsaturated phosphatidylcholines (PCs)
and sphingomyelins (SMs) affect the formation and domain properties of Lo-domains in cholesterolcontaining bilayers. We compared this to the sterol free mixing of the PLs and the sterol affinity for both
the di-monounsaturated PC and SM containing bilayers. Formation of Lo-domains was explored using
time-resolved fluorescence of trans-parinaric acid and confirmed with FRET. 2H NMR of deuteriumlabeled palmitoyl-SM was used to determine the Lo-miscibility temperatures and acyl chain length in
different di-monounsaturated PC bilayers.
In conclusion, the PL-mismatch between SM and PCs affected mostly the Lo-domain miscibility
temperature, but also the formation of Lo-domains. Probably an effect of both acyl chain mismatch
between PLs, and sterol affinity determined the observed lateral segregation in the cholesterol-containing
bilayers. These observations could help us understand how lipid-lipid interactions govern formation and
dynamics of ordered domains in biological membranes.
Acknowledgments: We acknowledge the financial support from, ISB, Sigrid Juselius foundation and the
Academy of Finland.
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Cholesterol is an essential lipid that modulates for the structure and permeability of cellular membranes.
Besides, cholesterol is the precursor for many bioactive molecules, such as steroid hormones, bile acids,
oxysterols, and vitamin D. Constituting 20-25 mol% of plasma membrane lipids, cholesterol is
ubiquitously present in all vertebrate cells. Due to its structural and functional roles, a network of cellular
signaling and transport systems tightly regulats cholesterol trafficking. Intracellular cholesterol trafficking
involves various soluble and membrane proteins, which act as sensors or transporters in lipid metabolism,
vesicle trafficking, and signal transduction [1].
NPC1 and NPC2 work together to facilitate endosomal and lysosomal cholesterol trafficking. The two
proteins have been implicated in many severe disease conditions. They get their name from the NiemannPick C disease, a rare fatal genetic lysosomal storage disorder. Mutations of NPC1 or NPC2 result in
accumulation of lipids, such as unesterified cholesterol, glycosphingolipids, sphingomyelin and
sphingosine, progressively causing neuronal degeneration and early death. NPC2 is a small soluble
protein that shuttles cholesterol between the internal membranes of the lysosomes and the late endosomes.
Moreover, it hands off the cholesterol to NPC1, a transmembrane protein on the limiting membrane.
NPC1, in turn, is responsible for cholesterol efflux through the limiting membrane [1].
In our previous work, we investigated NPC2-membrane binding revealing the roles of various lipid
components in a lipid-mediated regulation mechanism for NPC2-meadiated cholesterol transport. [1]
Recently, cryo-EM [2] and several crystal structures [3] of NPC1 were released. With this information
available, we extend our investigations to cholesterol transport mechanism by NPC1. NPC1, unlike
NPC2, is complex transmembrane protein with several domains. The structures only capture a single
conformational state of the protein; thus, the transport mechanism for this complex machine remains
unknown at the molecular level. We employ biased and unbiased molecular dynamics simulations, as
well as, molecular modeling approaches to characterize the conformational dynamics of NPC1 during its
transport cycle.
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Lipid bilayers and lipid-associated proteins play a crucial role in biology. Since studies and manipulation
in vivo are inherently challenging, several in vitro membrane-mimetic systems have been developed to
enable the study of lipidic phases, lipid-protein interactions and membrane protein function. Controlling
the size and shape or introducing functional elements in a programmable way is, however, difficult to
achieve with common systems based on polymers, peptides or membrane scaffolding proteins. In this
work we describe a route leveraging the unique programmability of DNA nanotechnology to create DNAencircled bilayers (DEBs) as a novel nano-scaled membrane-mimetic. For this, alkylated oligonucleotides
are hybridized to a single-stranded minicircle (ssMC) such that all alkyl chains point to the inside
stabilizing the lipid bilayer. Atomic force microscopy (AFM), transmission electron microscopy (TEM)
and coarse grain molecular dynamics (CGMD) simulations confirm the formation of discoidal lipid
bilayer structures. Fluorescence spectroscopy was used to monitor lipid phase transitions and revealed
head group-dependent lipid-DNA interactions at the bilayer rim. The DEB technology described herein
provides unprecedented control of size, shape, stability and functionalization of engineered membrane
nanoparticles and will become a valuable tool for biophysical investigation of lipid phases and lipidassociated proteins and complexes.

Fig. 1. Assembly of the DEBs: a) ssDNA MCs (bottom) react with 7 complementary
strands, each carrying 4 alkyl groups in red (top) forming a double-stranded DNA MC.
b) In the presence of lipids, a bilayer is formed inside the ds DNA MC resulting in DEB
formation.
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The use of nanoparticles as a mechanism as controlled drug delivery systems (DDS) in the treatment of
cancers and drug resistant infections has over the last decades become a promising area of research [1].
While various classes of nanoparticles have been developed, most types rely on the process of
nanoparticle wrapping by the membrane. This mirrors the entry method of many viruses found in nature
and involves the binding of membrane sites by attractive ligands on the surface of the foreign body being
accepted. Previous studies have investigated the impact of ligand placement and mobility on the particle
surface, suggesting that these properties play a role in the uptake of a particle by the cell[2, 3]. However,
a complete understanding of the morphological features and energy landscapes that govern uptake
remains incomplete. In this study, coarse grain simulations of the cellular membrane, and of a model
nanoparticle were used in the context of an evolutionary algorithm to explore an underlying parameter
space. To achieve this, a population of particles were allowed to alter their design over successive
generations of experiments, seeking optimal ligand patterning to enable cell entry, while minimising the
binding energy of their own surfaces. The outcome of these simulations suggest that symmetries emerge
even when unenforced, and that clusters of ligands distribute themselves more sparsely in successful
designs, leading to a greater number of overall ligand clusters, or patches. The work presented aims to
fully characterise the parameter space which encodes for these particles to determine the design rules
which govern passive endocytosis and develop tools for computer aided rational design of membrane
deforming structures, as well as gain new insights into viral entry and surface patterning.
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Membrane lipid homeostasis is crucial to maintain the proper function and identity of cellular organelles.
Therefore a cell must be able to sense the lipidome of its membranes and regulate the lipid composition
based on its current needs. Phosphatidic acid (PA) is predominantly found in the ER membrane and acts
as the precursor for all other phospholipids. Depending on the current cellular state and environmental
influences, PA is either metabolized from sugars or retrieved from lipid droplets. In the baker’s yeast
Saccharomyces cerevisiae, the soluble protein Opi1 tightly regulates the de novo synthesis of
phospholipids by either up- or downregulating genes involved in the lipid synthesis, storage and retrieval
pathways, based on the abundance of PA in the endoplasmic reticulum (ER) membrane [1]. It is therefore
the gatekeeper that senses bulk membrane properties and acts depending on the lipid composition of the
ER.
Previous studies have shown that Opi1 contains a dedicated PA-binding motif responsible for its PA lipid
sensitivity [1]. We recently highlighted the presence of an amphipathic helix (AH) inside this motif, and
showed that it can sense PA lipids [2].
Using atomistic molecular dynamics simulations, we study the interactions of the unfolded and folded AH
with the membrane. We observe the binding of the initially unfolded AH to the membrane, mediated by
hydrophobic and electrostatic interactions, followed by helix folding. We identify the residues that are
important for initial tethering of the AH to the membrane. In vitro mutation experiments confirm the
importance of these residues. We further identify factors that control the folding of the AH.
By using a combination of in vivo and in vitro experiments, as well as MD simulations, we are able to
characterize the main steps of the binding and folding of the lipid sensing AH of Opi1.
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Lipid mixtures within artificial membranes undergo a clear separation into liquid-disordered, Ld, and
liquid-ordered, Lo, phases. Using confocal microscopy method combined with an environment-sensitive
probe (di-4-ANEPPDHQ) labelling tobacco plasma membrane (PM), we revealed a broad range
continuous distribution of membrane order values [1]. This result is not indicative of the coexistence of
only two different phases (Lo/Ld) within plant PM, and rather suggests a mosaic organization into 300
nm sized areas of various levels of order. We then attempted to explore the characteristics and main
determinants of plant PM ordered domains (Lo-like phases).
We first compared the influence on abundance and localization of PM ordered domains of both intrinsic
membrane components, such as lipids and proteins, and cell structures, such as cell wall and cytoskeleton
(Fig. 1). In steady-state tobacco BY-2 suspension cells,
short-term inhibition of phosphorylation process, destruction
of cytoskeleton or disruption of cell wall has no significant
effects. By contrast, lipids and proteins demonstrate
advanced ability to modulate PM ordered domains
distribution supporting the hypothesis of their crucial
involvement to govern the local PM order [2]. Mapping
ordered domains of vesicles prepared using different lipid
mixtures, we further addressed the question of the relevance
of the huge diversity of PM lipid species. Among major
phytosterols, campesterol exhibits the strongest ability to
promote ordered domains formation [3]. Plant specific
conjugated-sterols, alone and in synergy with free sterols,
also display a striking capacity to order membrane, when
plant specific Glycosyl Inositol Phosphoryl Ceramides
enhance the emerging and increase the size of steroldependent ordered domains.
Altogether, our results are in favor of a model in which intrinsic PM components are key regulators of the
local physical state of the plant PM. Specifically, the multiplicity of plant lipids could control the
formation of highly-ordered, sphingolipid-sterol interacting domains.
Acknowledgments: This work was partially supported by grants from the “Région Bourgogne” and the
Bordeaux Metabolome Facility-MetaboHUB (grant no. ANR–11–INBS–0010).
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The aim of our research is to achieve a fundamental understanding of the interaction of proteins with
interfaces to provide rational guidelines for the design and optimization of non-fouling surfaces,
biosensors and peptides for therapeutics. The complexity of the topic, however, calls for a multi-faceted
approach and the development of experimental tools and models for the interpretation of the measured
data. In our lab we mostly use nonlinear optical techniques that are intrinsically surface specific.
Self-assembled peptide hydrogels can be considered attractive systems for functional soft materials,
including applications in drug delivery [1]. Choice of appropriate amino acids in short D,L-peptides,
proved successful for the design of self-assembled hydrogels [2-4] with antimicrobial properties [5]. The
mechanism of interaction of the self-assembled hydrogel with a model membrane is studied by means of
vibrational sum-frequency generation. The results show that both inner and outer leaflet suffer from
decreased order and/or number of lipids induced by the interaction with the peptide. This can be
explained by the interaction of the peptide with both leaflet of the membrane, not just the outer one,
causing the disruption of the ordered bilayer. Moreover these self-assembled hydrogels appear to be
nonlinear active and their symmetry superstructure is characterized by second harmonic generation
microscopy [6].
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The coiled-coil forming peptides, ‘K’ (KIAALKE)3 and ‘E’ (EIAALEK)3 represent a minimal model for
the action of SNARE proteins. Their action was originally pictured as a zipper-like folding of the coiledcoil. However, it has emerged, that their working mechanism is more complex than that, where peptide K
has been shown to also interact with the membrane. In addition, both peptides are significantly less
ordered in solution. Thus, the real coiled-coil assembly process is likely to be less straightforward and
will possess different free energy contributions related to helix folding, coiled-coil assembly and
competing interactions with the membrane. In our lab, these peptides have been recently used to establish
lipid phase dependent fusion between phase separated GUVs and LUVs of with different lipid
compositions.
We investigate the different factors contributing to the coiled-coil formation; using all atom molecular
dynamics simulations to analyze the effect of bilayer composition, peptide secondary structure, and the
presence of additional residues often found at the peptide terminals. The interactions of the peptides with
two bilayer compositions used in the experiments have been characterized with long unbiased simulations
and umbrella sampling and metadynamics: A neutral bilayer containing PC and PE lipids and Cholesterol,
and a charged bilayer containing PG lipids, Sphingomyelin and Cholesterol.
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The dynamic organization of cellular membranes into spatially and temporally organized domains is
relevant to many signal transduction and membrane trafficking events. This organization is driven by
intrinsic properties of membrane lipids as well as integral and peripherally associated membrane proteins.
A crucial event in many cellular processes, ranging from the establishment of organelle contacts to the
docking of vesicles to a target membrane, is a protein-mediated formation of membrane contacts sits. The
annexins are a family of Ca2+ regulated phospholipids-binding proteins that have been implicate in
providing such membrane contacts sites in artificial and living membrane systems. However, the
molecular basis of membrane linkage by annexins are not fully understood. To address this, we performed
a quantitative analysis of membrane binding and membrane linking by annexin A2 (AnxA2) that is
known to function in secretory vesicle exocytosis possibly by providing membrane bridges. We employed
a novel assay based on the Quartz Crystal Microbalance with Dissipation (QCM-D) technique in
combination with Optical Destiny (OD) aggregation and Dynamic Light Scattering (DLS) assays and
used different genetic and chemically modified AnxA2 derivatives to address the central question whether
bound monomeric AnxA2 is capable of membrane linking or whether AnxA2 dimerization or AnxA2S100A10 heterotetrameric complex formation is required.
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Energy is the corner stone of life. Vital cellular
functions could not be carried out without adenosine
triphosphate (ATP) - the energy form of the cells.
ATP is produced in a process called oxidative
phosphorylation
(OXPHOS)
in
the
inner
mitochondrial membrane by so called respiratory
complexes.
The first and most intriguing respiratory enzyme is
complex I (NADH:ubiquinone oxidoreductase),
which is one of the largest known protein assemblies
(500 kDa – 1 M Da). The L-shaped structure
consists of two domains that spans out 20 nm both in Fig. 1. Structure of human complex I embedded
the matrix of mitochondria and along the inner in inner mitochondrial membrane (grey spheres).
mitochondrial membrane (see Fig. 1.). The core The functional core subunits are shown in pink,
membrane domain of this enzyme consists of blue, cyan and lilac surface presentation. The
approximately 70 transmembrane helices. While accessory subunits are shown in white ribbons.
being the largest of the respiratory enzymes,
complex I is also the least understood of them. Complex I couples the reduction of quinone to the
pumping of protons across the membrane. Therefore, the reaction cycle comprises two coupled reactions
taking place with maximally 20 nm separation. The main question revolving around complex I is the
coupling mechanism.
We have chosen computational approach to study the coupling mechanism in detail. Earlier we studied
the proton transfer pathways in bacterial complex I by means of microseconds atomistic molecular
dynamics simulations [1]. Now, using multi-scale simulation approaches, we are studying quinone redox
chemistry and dynamical aspects of quinone and its reduced/protonated analogues. Our results support
recent mechanistic proposals [2] and provide explanation to unique structural features of the enzyme.
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Actin is one of the most abundant proteins in eukaryotic cells and crucial for several key cellular events
such as cell migration, endocytosis, cytokinesis and maintaining the cell morphology. Actin is present in
cells as monomeric G-actin and filamentous F-actin. Several actin-binding proteins regulate actin filament
assembly and disassembly. Further on, membrane phospholipids, especially plasma membrane
phosphoinositides, interact directly with many actin-binding proteins to control their activities.
Twinfilins are evolutionarily conserved proteins, which contribute to cytoskeletal dynamics by
sequestering actin monomers, capping filament barbed ends, accelerating filament depolymerization, and
interacting with heterodimeric capping protein. In cells, twinfilins localize to the regions of rapid actin
turnover, such as lamellipodia and sites of endocytosis. In our recent study [1], we revealed that twinfilin1 (from now on, twinfilin) interacts with membrane phosphoinositides in a novel two-step mechanism and
that phosphoinositides inhibit other biochemical functions of twinfilin. Phosphoinositides are enriched at
the leading edge in migration cells, and our co-sedimentation experiments demonstrated that mouse
twinfilin-1 interacts with PI(3,5)P2, PI(4,5)P2 and PI(3,4,5)P3 with high affinity, and that its actin-binding
activities are inhibited by phosphoinositides. By combining biochemical, mutagenesis, and atomistic
molecular dynamics simulation approaches we revealed the mechanism by which twinfilin interacts with
phosphoinositide-rich membranes. We show that twinfilin binds phosphoinositides through electrostatic
interactions, and that its C-terminal tail region is critical in this process. Mutagenesis studies further
revealed that the phosphoinositide and capping protein -binding sites overlap in the C-terminal tail of
twinfilin, and that the C-terminal tail alone is sufficient for phosphoinositide and capping protein binding. Finally, our molecular dynamics simulations provide evidence that twinfilin initially anchors to
the membrane through its C-terminal tail, and that this interaction subsequently places the actin-binding
domains in close proximity to the membrane to inhibit actin-binding. Our findings propose an important
role for membrane phosphoinositides in regulation of twinfilin during cell migration.
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307415) from Academy of Finland (to PL and IV), a fellowship from the Doctoral School in Health
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Lyotropic phases display complex dynamics involving thermally excited interface modes, with collective
molecular motion of lipids and solvents, in addition to the dynamics at the individual molecule level
(molecular rotation, vibrations etc.). Understanding these processes provides insight in how fundamental
interactions (electrostatic and van der Waals) lead to colloidal interactions such as repulsive entropic
force [1]. Nuclear magnetic resonance (NMR) lineshape and relaxation studies are outstanding techniques
to detect biologically relevant slow timescales [2].
Theoretical explanation of NMR relaxation rates may be based on: phenomenological assumptions [3],
continuum description of solvent-lipid interface (leading to analytical models [4]), Brownian translational
dynamics (BTD) on curved interfaces [5] and atomistic molecular dynamics (MD) [6]. The MD
simulation is attractive in its detail and has been shown to be promising in describing the structural
properties of solvent D2O [6]. However, MD does not explain the 1/T2 rate, has a too narrow linewidth
and is able to straightforwardly only provide field-independent relaxation rates (contrary to experimental
observations). The analytical models [4] may have assumptions of uncorrelated processes, not necessarily
always valid.
In this work we present a mesoscopic Brownian dynamics simulation procedure that mimics a lamellar,
on the average flat, bilayer with thermally induced interface undulations [7], combined with a spin system
undergoing correlated reorientation due to BTD on the 2D interface. This enables sufficient spatial (200
nm) and time span (s-ms) trajectories [8]. We show that this procedure, combined with the D2O structure
and fast dynamics from the MD simulation [6] gives encouraging agreement with experimental relaxation
rates [8] and provides a framework that may be further generalized to interacting membranes as well as
provide detailed water structure via the time dependent spin interaction tensors [9]. We will discuss
generalizations of the simulation approach together potential applications.
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The lipidome of life contains many tens of thousands of structurally distinct lipid species, of which a
large portion are found in the complex environment of the cell membrane [1]. It takes immense resources
to synthesize this dazzling array of lipid types, and they must thus be critical for the cells function. Yet for
relatively few of these lipids do we think we understand some of what they are doing and why they are
here. I describe the application of molecular dynamics simulations [2], in conjunction with native mass
spectrometry, structural techniques, and functional assays, to explore a range of membrane lipid
interactions with specific sites on several G protein-coupled receptors (GPCRs).
Native mass spectrometry measurements suggest the presence of specific lipid binding sites on the
transmembrane domain of a range of Class A GPCRs, and in particular for the signaling lipid
phosphatidyl inositol-4,5-bisphosphate (PIP2) species [3]. Coarse-grained molecular dynamics
simulations (CGMD) of these proteins embedded in a lipid bilayer indicate strong and specific
interactions of PIP2 molecules with defined regions on the intracellular portion of Class A GPCRs,
compared to other biological lipid species. Design of a novel native mass spectrometry – site directed
mutagenesis strategy allows testing of the accuracy of these predictions. High-throughput extension of the
simulations to multiple GPCRs enables assessment of the degree of conservation across known structures.
The functional consequences of these interactions for coupling of GPCRs to G proteins is subsequently
investigated by potential of mean force calculations, native mass spectrometry of complex formation, and
functional GTPase assays, each under different defined lipid regimes.
Molecular simulations have also been used to explore interactions of cholesterol with the class F GPCR,
hedgehog signal transducer, and oncoprotein: Smoothened (SMO). The recent near full-length x-ray
structure of SMO [4] revealed the presence of a cholesterol molecule within a hydrophobic sterol binding
groove on the extracellular cysteine rich domain (CRD). Atomistic simulations of SMO in a lipid bilayer
suggest the cholesterol molecule exerts a marked effect on the structural stability of the CRD at defined
regions, as well as the potential for a degree of flexibility of the extracellular domains of SMO relative to
7TM domain.
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Weibel-Palade Bodies (WPB) are storage granules unique to endothelial cells that participate in the
regulation of vascular hemostasis and inflammation by undergoing secretion upon stimulation. The cigar
shaped organelles form at the trans-Golgi network (TGN) and further mature upon transport to the cell
periphery, where regulated exocytosis can occur upon elevation of intracellular Ca2+ or cAMP levels.
Several small GTPases have been implicated to participate in the maturation and exocytosis of WPBs,
among them Rab27A and Rab3B [1, 2]. While some components of the modulatory and exocytotic
machinery of WPBs have been identified, so far a comprehensive proteomic approach has not been
utilized. Here we use proximity mass spectrometry to identify WPB associated proteins.
By targeting an engineered peroxidase, APEX2, to the region of interest in living cells and subsequent
treatment with both biotinphenol and hydrogen peroxide, endogenous proteins in close proximity to
APEX2 are biotinylated. The degree of biotinylation decreases with distance to APEX2, which enables
the identification of target-associated proteins by analyzing the biotinylated proteins in a quantifiable
mass spectrometric manner [3]. To distinguish between unspecific biotinylation, general cytosolic
proteins and proteins cytosolically associated with the target organelle, i.e. WPBs, three different samples
are compared: 1. Endogenously biotinylated proteins after treatment without overexpressing APEX2. 2.
Biotinylated cytosolic proteins following targeting of APEX2 to the cytosol. 3. Biotinylated proteins in
close proximity of WPBs.
Here, we overexpressed Rab27A- and Rab3B-APEX2 fusion proteins, and thus were able to peripherally
associate the oxidase with WPBs in human umbilical vein endothelial cells (HUVECs). Upon purification
via the biotin tag, samples were analyzed by LC-MS/MS using a label-free approach. We were able to
identify 126 proteins that were significantly enriched in both Rab27A and Rab3B samples compared to
the controls, among them several known WPBs markers like VAMP3, MyRIP and other WPB associated
Rab GTPases. Thus proximity mass spectrometry seems to be a valid tool for identification of WPB
associated proteins.
Acknowledgments: This work was supported by the German Research Council (DFG), SFB1348.
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Antimicrobial peptides (AMPs) are widely occurring host defense agents of interest as one route for
addressing the growing problem of multidrug-resistant pathogens. Understanding the mechanisms behind
their antipathogen activity is instrumental in designing new AMPs. Previously, our atomistic molecular
dynamics simulations of cecropin B on a model anionic membrane revealed a cooperative mode of action
(MOA) involving an interpeptide salt bridge between Glu and Lys1. Similar modes of action have also
been observed for other AMPs.
It was further demonstrated that such cooperative MOA does not solely rely on charged side chains 1.
Namely, polar side chains forming hydrogen bonds may also contribute to a similar MOA. Assuming that
mutated cecropin B can insert the membrane, it is of interest to investigate the probability of the
aforementioned MOA among mutants by comparing their potential of mean forces (PMFs) along the
degree of freedom between the two side chains in question.
On the other hand, PMF is a useful property in indicating the activities of AMPs. It is often calculated
along the path where peptides permeate the membrane as the reaction coordinate, based on the
observation that AMPs insert the cell membrane and cause cell death. However, it is not uncommon that
the resulting PMFs do not cross the transition state ensemble and thus the comparison of AMPs activities
using PMFs becomes ambiguous. We are therefore also interested in whether the PMFs along the
aforementioned alternative reaction coordinate are indicative regarding the antimicrobial activity.
Acknowledgments: This work was supported by the STFC Hartree Centre’s Innovation Return on
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The cell envelope in Gram-negative bacteria comprises two distinct
membranes and a cell wall between them. There has been a growing
interest in the mechanical adaptation of this cell envelope to the
osmotic pressure (or turgor pressure), which is generated by the
difference in the concentration of solutes between the cytoplasm and
the external environment. However, it remains unexplored how the cell
wall, the inner membrane (IM), and the outer membrane (OM)
effectively protect the cell from the turgor pressure by bearing the
resulting surface tension, thus preventing the formation of inner
membrane bulges, abnormal cell morphology, spheroplasts and cell
lysis. In this study, we have used molecular dynamics (MD)
simulations combined with experiments to resolve how models of the
IM, OM, and cell wall respond to changes in surface tension. We
calculated the area compressibility modulus of each component in
simulations by applying a pressure to mimic the osmotic pressure.
Experiments on monolayers mimicking leaflets of the IM and OM are
also used to characterize their mechanical properties and compared to
the simulation results. We found that the area compressibility of the
IM and OM are nearly identical in the experiments; while the former
agrees well with the simulations, the latter is much lower. In contrast
to the membranes, the cell wall is extremely soft at low tensions but
exhibits significant strain stiffening at moderate to high tensions. We
integrate these results into a model of the cell envelope in which the
OM and cell wall share the tension at low values of the turgor pressure
while the cell wall dominates at high values.
Fig. 1. Model

representation of
bacterial cell envelope.
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It has been demonstrated that interactions with lipids are responsible for structuration and functional
expression of membrane proteins (MPs) [1, 2]. However, details on how the interaction is correlated with
structuring and functioning of MPs have yet to be fully understood, because of lack of useful and
convincing experimental methods.
Here, we first developed a method for quantitatively evaluating the interaction between MPs and lipid
molecules via surface plasmon resonance (SPR). We prepared SPR sensor chips whose surface was
covered with self-assembled monolayers consisting of mercaptocarboxylic acids, and immobilized MPs
onto them via a conventional amine coupling method. (Fig. 1) To develop this method, we used
bacteriorhodopsin (bR) as an MP, and examined its interaction with various types of lipids. Of the lipids
tested, S-TGA-1, a halobacterium-derived glycolipid, was found to have the highest affinity to bR with a
nanomolar dissociation constant. This is probably due to not only hydrophobic and electrostatic
interactions but also hydrogen bonds with sugar moieties in the glycolipid.
We next analyzed the roles of this glycolipid in structure and function of bR. CD analysis showed that
this glycolipid promoted trimerization of bR monomers more efficiently than any other lipids and
contributed to stabilization of the trimer structure. Flash photolysis and proton influx assay further
indicated that the trimeric bR, which was formed from monomers by the presence of the glycolipid, had
photocycle and proton transport activities comparable to bR in purple membrane. These results suggest
that S-TGA-1 promotes formation of stable bR trimeric structure through specific interactions, and
consequently provides the full function of bR. In summary, our study not only accurately reproduces the
specific lipid recognition of bR, but also successfully evaluate the interaction quantitatively, thus
demonstrating the validity and utility of this method.

Lipid
Membrane
Protein

SAM
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Lecithin (1,2-diacyl-sn-glycero-3-phosphocholine) is a typical part of biological membranes, its
interaction with biological active compounds may influence their behaviour in the system. Penconazole
serves as fungicide commonly used in crop protection. The behaviour of fungicides from the azoles
group, such as cyproconazole [1] and tebuconazole [2], is influenced by the presence of essential or
heavy m etals, such as zinc, copper or cad m ium . The m im etic stud ies using electrospray ionization m ass
spectrom etry (ESI-MS) in the gas phase may clarify possible interactions in sim plified system s. We have
stud ied ternary mixture consisted of CuCl 2, lecithin (Lec; dipalmitoyl as the diacyl, 734.04 g mol-1) and

penconazole (Pen) using ESI-MS. The reactivity of the mixture is influenced by the order of mixing. In
this contribution, we mixed CuCl2 with lecithin and then added penconazole (all equimolar, 5·10-5 mol L1
). Spectra were recorded 10, 30 and 60 minutes after sample preparation. In the spectra measured 10 min
after preparation, mainly adducts of lecithin and H+, Na+ and K+ and slightly with Cu2+ can be seen. After
30 minutes, the mixed complexes consisted of Cu/Pen/Lec and Cu/Pen complexes predominated in the
spectra. It seems the reaction mixture reached thermodynamically stable equilibria at 60 min after
preparation. There are two possible applications (developments) of the contribution: (i) as an example of
kinetically slow reactions and (ii) to estimate the cocktail effect of penconazole together with Cu(II) (e.g.
in soil) in the presence of lecithin (representing the simplified membrane system) in near space of root
hair membranes.
Acknowledgments: This work was supported by the Czech Science Foundation project no. 18-01710S.
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Lipids are integral components of biological membranes but provide also biological energy reserves and
have functions, e.g. in signaling. In addition to biological functions, lipids and their aggregates are
important also, for example, in synthetic lipid assemblies, such as vesicles and micelles, various drug
transport systems, bio products harvesting, and smart, soft materials, such as switchable organogels.
Whereas lipids, as components of biomembranes, are receiving significant attention in the research
community, much less attention is targeted on lipids and their aggregates in other biosystems, bioproduct
refining, or engineering biocompatible materials.
Here, we present a thorough characterization of phospholipid, fatty acid, and mono- and diglycerides
aggregation response in different apolar solvents and at solid-liquid interface. We examine via molecular
modelling the aggregation response of the lipid species in cyclohexane, a model apolar solvent, and
triglyceride solvent, a model plant oil. The effects of varying surfactant concentration, presence of
additives such as water and free fatty acids, and the role of solvent in the aggregation response are
isolated. We assess critically the employed molecular modelling force-fields and results obtained by using
them – lipid aggregation response in the apolar solvent environment may not be described accurately via
lipid models parametrized for aqueous environments and biological model membranes. The findings are
compared and discussed against experiments, namely the TCNQ solubilization method and the size and
shape of the self-assembled lecithin structures obtained via small-angle X-ray scattering, and cryogenic
transmission electron microscopy. Finally, we discuss based on the findings the differences and
similarities of lipid assembly in organic solvents and aqueous environment.
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Lipid monolayers serve as an interfacial fabric in the lungs, where their function is dictated by not only
the associated proteins but also the biophysical properties of the lipid layers themselves. For the proper
functioning of the lungs, pulmonary surfactant needs to spread rapidly to the air–water interface and
efficiently reduce its surface tension. Any deficiencies in these processes can lead to serious health issues,
such as respiratory distress syndromes. Understanding lung mechanics is a key step on the path toward
curing these conditions. Molecular dynamics simulations are a powerful tool for probing the structure and
dynamics of lipid layers at the molecular level. Unfortunately, the commonly employed water models are
unable to reproduce the surface tension of water, which leads to unphysical behavior of the lipids and
proteins adsorbed at the interface, therefore calling for an improved simulation model.
Here, we demonstrate that the recent 4-point OPC water model [1] can be successfully paired with
atomistic lipid models, such as CHARMM36, to provide an accurate molecular picture of lipid
monolayers [2]. We show that this combination provides a nearly quantitative match with experimental
pressure–area isotherms for single-component monolayers, including DPPC – the key lipid species in
pulmonary surfactant. Notably, our model is also the first atomistic simulation model capturing the
coexistence of two lipid phases observed in experiments. We further use the model to explore ternary
lipid mixtures mimicking the composition of protein-free pulmonary surfactant monolayers. The results
turn out to be in very good agreement with experimental isotherms and provide insight into the nanoscale
organization and dynamics of the layers. The model proposed here shows great potential for use in future
research on the function of the lung, where many biophysical questions remain to be tackled.
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Dynamin, a large multi-domain GTPase, catalyzes membrane fission in a highly regulated manner by
oligomerizing into helical collar around the neck of endocytic vesicles. The collar (and the underlying
membrane neck) constricts in the presence of GTP and leads to leakage-free fission of the vesicle upon
GTP hydrolysis [1]. Classical dynamin associates with the plasma membrane-localized
phosphatidylinostol-4,5-biphosphate (PIP2) through the centrally located pleckstrin-homology domain
(PHD). However, PHD is known to be a dispensable domain as fission can take place in its absence, as is
the case with extant bacterial and mitochondrial dynamins [2]. Nevertheless, the functional role of PHD
seems to go beyond that of an adaptor domain as the rate of fission slows down manifold in absence of
PHD [3]. Also, the importance of PHD cannot be undermined as mutations in the domain can lead to
diseases such as Charcot-Marie-Tooth (CMT) and centronuclear myopathy (CMT) [4]. In this work, we
have combined together advance sampling methods (metadynamics), molecular dynamics based all-atom
and coarse-grained simulations, and fission-assay based experiments to explore the molecular basis of the
PHD interactions with membranes. We report the molecular-level insights into the possible role of PHDs
as catalysts in dynamin-induced membrane fission during synaptic vesicles recycling. Using
metadynamics-based free energy calculations, we also extract the docking geometry of PHD with the
inositol lipid, identify the participating residues in the membrane association and we suggest mutations in
PHD that seem to affect the rate of membrane fission. We validate these predictions through experiments
using fission assays [5]. We also find that PHDs make the membrane more pliable for fission as revealed
from the undulation spectra calculations. Also, curvature analyses on PHDs bound membranes show a
complex local curvature landscape, which can be used to explain the intricate role that PHDs play as
fission-favoring motif in the dynamin machinery.
Acknowledgments: The financial support from Indian Institute of Science-Bangalore and the HPC facility
”Arjun”, setup from grants by Department of Biotechnology (DBT-India) under DBT-IISc partnership,
are greatly acknowledged. AS thanks the startup grant provided by the Ministry of Human Resource
Development (MHRD), India. KJ would like to acknowledge MHRD (Govt. of India) and IISc for
fellowship.
References
[1]
K. Faelber, Y. Posor, S. Gao, M. Held, Y. Roske, D. Schulze, V. Haucke, F. Noé, and O. Daumke,
Nature. 477 , 556–60 (2011).
[2]
S. Dar and T. J. Pucadyil, Mol. Biol. Cell, 28 , 152–160 (2017).
[3]
A. Shnyrova and P. Bashkirov, Science, 339, 1433–6 (2013).
[4]
R. Ramachandran and N. Mehrotra, Mol. Biol. Cell, 25, 879–90 (2014).
[5]
S. Dar and T. J. Pucadyil, Nat. Cell Biol., 17, 1588–96 (2015).

80

B32
Pore Formation in Lipid Bilayers Using Umbrella Sampling and
Metadynamics
2

I. Kabelka1, 2, R. Vácha1, 3

CEITEC – Central European Institute of Technology, Masaryk University, Brno, Czech Republic
National Centre for Biomolecular Research, Faculty of Science, Masaryk University, Brno, Czech Republic
3
Faculty of Science, Masaryk University, Brno, Czech Republic
e-mail: robertvacha@gmail.com
1

Antimicrobial peptides can induce pore formation and disrupt the barrier function of cellular membranes.
[1] The resulting uncontrolled exchange of matter can have fatal consequences for targeted cell. However,
capturing transient structures of membrane pores is an extremely difficult task for experiments. Therefore,
most of the structural information about peptide pores originates from computer simulations. Due to slow
lipid diffusion and high energy barriers, performing unbiased computer simulations is not feasible. In a
recent review, several collective variables (CVs) for pore opening were evaluated and hysteresis was
identified to be a problem for all of them. [2] Additionally, some of these CVs impose size or topological
constraints on pore structure and thus are not suitable for the description of pore formation.
We propose new, alternative CV based on hydrophobic part of lipids, rather than water, and use it also for
formation of large membrane pores. Using molecular dynamics simulations we 1) demonstrate the
correctness of captured pore structures formed by this CV, and 2) calculate associated changes in free
energy. Two free energy calculation methods, namely Umbrella sampling and Metadynamics, are used to
show that no hysteresis occurs during pore opening/closing. Both all-atom and coarse-grained models are
employed and the calculated free energy profiles are compared.

Fig. 1. Simulation snapshots of pore closing in POPC membrane (represented by
the Martini model). Phosphates (dark-gray), glycerol (medium-gray), and water
Acknowledgments: This work was supported by the Czech Science Foundation (grant 17-11571S to R.V.)
and the Central European Institute of Technology 2020 (LQ1601) project, with financial contribution
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CESNET LM2015042 and the IT4Innovations National Supercomputing Center LM2015070, provided
under the program Projects of Large Research, Development, and Innovations Infrastructures.
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Cation-π interactions between tryptophan and choline like moieties play important role in protein-ligand
(neurotransmitters), protein-protein (epigenetic recognitions), and protein-membrane interactions.
However, accurately modeling cation-π interactions in additive force fields remains a challenge. To
overcome this barrier, we present an improved CHARMM additive force field parameter set for accurate
modeling of cation-π interactions involving tryptophan and choline, and based on target quantum
mechanical data. We benchmarked several quantum mechanical levels of theory and generated potential
energy surfaces with small molecule analogues. The proposed parameter set perform significantly well in
reproducing gas phase energies and equilibrium structures compared to the original CHARMM36 force
field parameters. Later, three interesting cation-π motifs have been tested to validate the strength of the
new parameters, and to bridge the gap between gas phase QM target data and the solution phase. In the
first case, a choline binding protein is used where the ligand is buried inside the protein through cation-π
interactions. Second test case includes a remarkably stable engineered -hairpin peptide which mimics the
epigenetic recognition motifs; and the intramolecular cation-π motif is semi-exposed to bulk solvent. The
final test was the strength of dimerization of analogues fully exposed to bulk solvent. Combining all the
test cases, we observed that the new parameter set out performs the CHARMM-ff. Together with our
previous work on tyrosine-choline and phenylalanine-choline cation-π interactions [1], these tryptophancholine parameter provide complete description of cation-π interactions involving all the aromatic
residues with choline like moieties in an atomistic force field. I will also highlight our on going effort to
incorporate cation-π interaction in coarse grain force fields to accurately model more complex membrane
mimetics.
Acknowledgments: This work was supported by the Norwegian Research Council (FRIMEDBIO #214167
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The Virtual Interaction Sites (VIS) algorithm enables the use of a 5fs timestep in all-atom simulations by
replacing hydrogen (H) atoms by massless virtual interaction sites and thus eliminating the bonded
degrees of freedom linked to the H atoms, while retaining non-bonded interactions. Previously, VIS
methods have been implemented for proteins and selected lipids, and we now extend the algorithm for the
majority of standard lipids in the CHARMM36 force field, including various head groups such as PC
(phophatidylcholine), PE (phosphatidylethanolamine), PS (phosphatidylserine), PI (phosphatidylinositol),
PI24, PG (phosphatidylglycerol), PA (phosphatidic acid), Ceramide, CL (cardiolipin), Cholesterol and
Sphingomyelin (SM), and saturated, monounsaturated and polyunsaturated lipid tails. Bulk lipid
properties such as Area per lipid, thickness, order parameters and the free energy of pore formations are
accurately reproduced by the new VIS method. The method has the potential to accelerate simulations of
membranes and membrane-protein complexes by a factor of 2.5.
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Exposing small unilamellar vesicles (SUVs) to increased salt concentration can strongly affect their
shape, from individual deformation to docking and fusion of multiple vesicles. Docked and fused states
are model systems for intermediate steps of membrane fusion involved in neurotransmitter release at the
presynaptic terminal. Lipid bilayer properties of individual and docked vesicles can be measured in an
ensemble-averaged manner in a small-angle X-ray scattering (SAXS) experiment [1]. Current data
analysis relies on the assumptions of spherical vesicle shape, factorization of form and structure factor
(i.e. overall shape and lipid bilayer electron density profile) and an effective polydispersity distribution.
Deformation by osmotic stress or even thermal shape fluctuations may break these assumptions and
complicate the analysis of bilayer parameters from SAXS data with analytic models.
We show a simulation-based analysis technique for calculating vesicle SAXS curves including shape
fluctuations and bilayer electron densities. Molecular-scale information about the bilayer is combined
with elasticity simulations of the vesicle shape, i.e. we “dress a vesicle with an electron density profile”.
This reduces computational effort compared to full molecular dynamics (MD) simulations, with the aim
of obtaining vesicle shape parameters from fits to experimental data. We describe the vesicle shape by
spherical harmonic expansion with coefficients weighted with the thermal energy of the basic fluctuation
modes [2]. Scattering intensities are computed by three-dimensional fast Fourier transforms (3D-FFT) of
relative electron density contrast maps. We compare the results to analytical models for SUV SAXS
curves [3,4].
The simulations show that shape fluctuations described by spherical harmonic expansion and size
polydispersity lead to corrections that differ in their wavevector dependence. In experimentally accessible
polydispersity ranges, however, the effects of shape fluctuations are indistinguishable from mere size
variations. In the bilayer thickness-to-radius range probed to date (up to d/R=0.08) size polydispersity and
shape fluctuations give rise to nearly degenerate SAXS signatures, and no deviation from the factorization
hypothesis of form and structure factor is observed. Future analysis will focus on strong deformations,
away from the spherical shape and exceeding thermal fluctuation modes, to analyze vesicle SAXS data
recorded at increasing osmotic pressure (1-10 mM NaCl or glucose). The flexible nature of the simulation
framework will allow to predict and analyze SAXS patterns of strongly deformed vesicles, inaccessible to
analytic models. It therefore extends to vesicle docking and fusion experiments as well as to “active
vesicles” with pumping or polymerizing constituents.
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Photoswitchable-lipids are synthetic lipid molecules that can alter lateral membrane pressure profile by
changing its conformation upon light illumination. They were used to control opening and closing of a
TRPV1 channel [1] in human HEK293T cells thus making them suitable for the photopharmacological
and optogenetic applications. Mechanism by which they trigger the ion channel opening and closing is,
however, poorly understood. The molecular picture is required for understanding of how these photoswitchable molecules couple to the protein and surrounding lipid membrane environment. As a first step
towards description of the molecular mechanism, we perform quantum mechanical and classical
mechanical computations of the photo-active molecule, deriving parameters for all-atom classical
mechanical simulations and PMF profiles for a model photo-switchable fatty acid FAAZo4 (Fig. 1). We
test the force-field in a simulation of a crystal lattice of FAAzo4 molecules and a membrane composed of
DOPC and photo-switchable lipids.

Fig. 1. Optimized molecular structure of a photo-switchable fatty acid FAAzo4. Molecule
consists of a central azobenzene moiety, polar butanoic acid headgroup and an aliphatic butyl
group.
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We report a new means of giant unilamellar vesicle (GUV) formation from protein-free, solid-supported
phospholipid bilayers. The bilayers form as a result of continuous adhesion and rupturing of double
bilayer membranes on solid substrates 1. While rupturing, the upper bilayer with respect to the solid
substrate leaves behind nanotubes from which, GUVs spontaneously emerge in course of several hours.
The GUVs mature to final diameters of 8-10 m until the lipid material of the thread they are in contact
with, is completely consumed. We presume the vesicle formation to be driven by minimization of the
surface free energy of the membrane. This occurs when the curvature of the membrane is reduced during
the transformation of a cylindrical nanotube to a spherical vesicle. We anticipate this technique to be an
efficient way of producing precisely unilamellar giant vesicles in high numbers, without the need of
electrodes or microfluidics.
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Basic fibroblast growth factor (FGF2) is a protein conserved in mammals, having multiple established
functions in human biology. It acts as a mitogen promoting cell division and is also a known angiogenic
factor. FGF2 has been shown to stimulate smooth muscle cell growth, wound healing, and tissue repair
[1]. FGF2 has also been linked with tumor cell proliferation due to its pro-angiogenic capability [2].
However, in order to perform these functions FGF2 needs to be secreted outside the cell membrane.
Secretion of proteins usually happens through the Golgi apparatus as a signal peptide-dependent process.
FGF2 has been shown not to have a signal peptide needed for the secretion [1].
Recently, a signal peptide-independent secretion pathway for FGF2 was suggested, backed up by
experimental and computational results [3-4]. The hypothesis is that FGF2 monomers bind to the
intracellular leaflet of the cell membrane via interactions with phosphatidylinositol 4,5-bisphosphate
(PI(4,5)P2) lipids. On the membrane surface, FGF2 monomers are then assumed to aggregate and form
larger oligomers. These oligomers are thought to form a pore through which other FGF2 monomers can
secrete into the extracellular space. As to FGF2-FGF2 binding needed in oligomerization, currently only
one stable dimerization interface is known. In this interface, the key interaction is a disulfide bridge
between cysteines C95 – C95 stabilizing the complex [4].
Here, we studied the first two steps of the hypothesized secretion pathway using atomistic molecular
dynamics (MD) simulations. First, we studied FGF2 binding to a cell membrane through umbrella
sampling simulations and determined free energies for the membrane binding of FGF2 with different
membrane concentrations of cholesterol and PI(4,5)P2. The observed differences in the free energy
profiles were explored through further MD simulations, and the differences of the high-affinity and the
low-affinity orientations identified in FGF2 were highlighted.
Second, we investigated FGF2 dimerization to find new candidates for the monomer-monomer interfaces
needed for FGF2 oligomerization. The monomers were placed on the membrane in the high-affinity
orientation and then rotated to sample the configuration space, followed by MD simulations to explore
potential interfaces favoring dimerization. Additional coarse-grained (CG) simulations were conducted
for each of the configurations to complement atomistic simulations, and the most promising interfaces
found through CG simulations and existing docking tools were then further studied with atomistic
simulations. The results that emerged from these extensive studies are discussed in the presentation.
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Sphingomyelins (SM) are structural components of membranes and play a crucial role in defining
organelle identity and cellular functions. Lipids modulate the structure, dynamics and confinement of
membrane proteins, exerting a major regulatory mechanism on their biological activities. A proper
organization of SM is required for trafficking of membrane proteins between the different cellular
organelles, such as the autophagic protein Atg9A [1-2], and they can act to modulate their activities, as
p24 [3]. Nevertheless the molecular details of the binding and recognition of specific species of lipids
with the transmembrane domains (TMDs) of membrane proteins are still elusive. The comprehension of
lipid-protein relationships is of primary importance since their alterations are associated with cancer,
representing highly prospecting target mechanisms for novel treatments. Our Computational Biology
Laboratory at the Danish Cancer Society Research Center (DCRC) is focused to elucidate the
mechanisms behind multiple aspects of protein-lipid interactions and how they are deregulated in cancer.
We are here using experimentally-driven and validated computational methods, as all-atom explicit
solvent membrane simulations and enhanced sampling approaches. Thanks to the collaboration with the
group of Prof. Jäättela at the DCRC we are developing an original approach bringing together in our
simulations data from experimental biophysical spectroscopies and lipidomics of single organelles. With
this approach we are investigating the structure, dynamics and lipid-based modulation of ATG9a and
other membrane proteins in different organelle-like environments. We are exploring the binding of SM
species with TMDs of membrane proteins and how they are perturbed by cancer-related mutations,
shading light on specific lipid-protein interactions that can be related to diverse functional mechanisms.
Acknowledgments: The result of this research has been achieved using the DECI-11th-PRACE DyNet
grant to E.P. This work is supported by DDF-FNU grant to E.P. funded by the Danish National Research
Foundation.
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Plant plasma membrane (PM) undergoes intrinsic components, such as lipids and proteins, which can be
locally highly enriched. Biophysical properties similarly exhibit a heterogeneous distribution along PM
surface. Indeed, after labelling with a fluorescent probe sensitive to lipid packing (di-4-ANEPPDHQ),
PM of tobacco suspension cells reveal a mosaic pattern into sub-micrometric areas of various levels of
membrane order [1]. Characterizing major actors regulating membrane order and its mapping, we showed
that lipids and proteins display a prevailing ability to modulate this subtle organization [2]. Our data
proposed that spatial distribution of small (only a few nanometers) ordered domains within plant PM
would be under the control of non-random interactions between lipids and proteins. Simultaneously,
dynamics of PM composition, and notably lipids and proteins trafficking, could regulate the formation of
ordered domains-enriched platforms (several microns in size) at highly specialized sites [3]. Thus,
according to the observation scale, the ordered domains arrangement as the underlying mechanisms could
be different.
Anisotropic expansion of differentiated cells observed during both tissue establishment and cell
regeneration from protoplasts (plant cell devoid of cell wall) looks like a plant cell polarity development.
Implementation of such organization is mediated by PM components trafficking, making them
appropriate models for studying determinants generating specifically ordered domains of several microns
in size. We first observed a modulation of PM order during the slow process of cell regeneration from
protoplasts (Fig. 1). After 8 days of regeneration, cells exhibit both an elongation axis and cell divisions.
Any effect of cell shape is measured on membrane order. By contrast, the formation of cell plates
increases the level of PM order.
In agreement, the only evidence
of a non-random distribution of
PM ordered domains is their
build-up into PM region between
two adjacent cells, in both
suspension cells and root tip.
Our results support that the level
of PM ordered domains (of
several microns in size) could be
setting during cell maturation,
presumably through PM identity
acquisition.
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Folic acid (FA) is an essential compound for living organisms [1]. FA is a vital substance in the process
of nervous system development, as well as selective cancer cell targeting [2]. However, the exact
mechanism of its interaction with phospholipid membranes is not fully recognized. In this study, we
performed the parameterization of the FA molecule in the CHARMM force field, as well as we carried
out several all-atom molecular dynamics (MD) simulations of the drug interacting with biomembranes.
Since pKa’s for carboxylic acid moieties are γ.5 and 4.γ, we calculated both protonated and unprotonated
forms of FA. We considered the location and orientation of the drug inside the membrane and
translational and rotational dynamics with regard to the lipid molecules. We also focused on the
penetration of FA through biomembranes. Our simulations were supported by experimental data such as
the binding constant (which was obtained by the fluorescence method [3]) describing the affinity of FA
for biomembranes.

Fig. 1. Structural formula of FA along with a 3D structure rendition (geometry not optimized for clarity).
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The air–liquid interface of the alveoli of mammalian lungs is covered by a protein-lipid complex called
the pulmonary surfactant. It consists of approximately 90 % lipids and 10 % surfactant-associated
proteins, which together are responsible for the reduction of surface tension at the air-liquid interface
during breathing cycles [1]. The hydrophobic surfactant-associated proteins SP-B and SP-C are critical in
the function of the pulmonary surfactant, and the lack or disrupted activity of these proteins leads to
pulmonary pathologies and disorders, such as respiratory distress syndrome [1]. Importantly, the lipid–
protein interactions associated with SP-B and SP-C play an integral role in the formation and the stability
of the interfacial film as well as in the surface tension reduction activity of the surfactant [2].
SP-B is a 79-residue homodimer-forming polypeptide in the saposin-like protein family, with an
important role in the initial adsorption and maintenance of the surfactant complex at the air–liquid
interface. Despite its importance, the 3D structure and the molecular mechanism of SP-B are poorly
known. However, recent studies [3,4] demonstrated that SP-B forms stable and functional ring-shaped
oligomeric assemblies in native pulmonary surfactant. They also provided the first low-resolution
structural models for higher SP-B oligomers [3].
We explored several oligomeric structures of SP-B through extensive coarse-grained MD simulations. We
found that the oligomeric structure revealed by the simulations is in agreement with the proposed
mechanism of function [3] of the protein. Moving on, the simulations brought up that the protein complex
is characterized by specific affinity of certain lipid types for distinct interaction sites in the protein
structure. These specific interactions gave rise to lateral reorganization of lipids in the surfactant layers
exposed to the SP-B oligomers. In the presentation, these results are discussed in terms of understanding
how SP-B is involved in lipid transfer between adjacent surfactant assemblies, and to figure out the role
of specific lipid types in the process. Understanding the function of SP-B can help us understand the
mechanisms involved in pulmonary surfactant function, and the minimum requirements needed for the
function.
Acknowledgments: We thank the Academy of Finland (Centre of Excellence project) and the European
Research Council (Advanced Grant project) for financial support, and CSC – IT Center for Science for
computational resources.
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Molecular dynamics (MD) simulations are a useful approach to study the interaction between
biomolecules and lipid membrane systems. Simulations allow one to test in detail how molecules (e.g.,
metal nanoparticles, fullerenes, and nanotubes) with different shapes, terminal groups, and side chain
lengths modulate their properties, thereby providing significant added value for experimental work. Given
this, simulations have considerable potential to cut the costs associated with synthesis and testing.
However, as for simulations, the progress in the field is slowed down by difficulties to prepare molecule
structures and related files in an efficient manner.
Here we present a new software package that automates the molecule building process.
The 3D molecular structures and the related simulation files generated by the software are compatible
with the most common molecular dynamics simulation packages, such as GROMACS, CHARMM,
NAMD, AMBER, OpenMM, DESMOND and LAMMPS. Further, the topologies used in describing
molecules are compatible with the force fields used commonly in the field including in particular
CHARMM36, OPLS2-AA, GROMOS54a7, and Martini.
OpenBuilder is an open source software available from https://gitlab.com/OpenBuilder-gui/OpenBuilder.
Acknowledgments: The authors thank the European Research Council, the Academy of Finland and the
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The Na+/H+ exchanger isoform 1 (NHE1), is a ubiquitous membrane protein responsible for the
regulation of cellular pH and volume. The protein is characterized by a large intracellular domain (ICD),
which is involved in constructive interaction with phospholipids, through a specific protein region named
Lipid Interaction Domain (LID). The interaction between the LID and the lipids is promoted by anionic
phospholipids. The observation of this interaction suggests that even if the ICD is not directly involved in
ligand binding, it plays a pivotal role for the overall protein function. In order to investigate how the
composition of the lipids in the cell membrane can affect the LID-membrane interaction, supported lipid
bilayers (SLBs) were prepared as membrane models and characterized with surface sensitive techniques
in the presence and in the absence of NHE1/LID. Two different membrane models were characterized:
SLB with 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and SLB with POPC and 1palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine (POPS, 70:30 mol/mol). SLB formation and
NHE1/LID interaction was initially monitored by means of Quartz Crystal Microbalance with Dissipation
Monitoring (QCMD). These experiments confirmed the presence of a strong interaction between
NHE1/LID and lipid membrane, in particular for the POPC/POPS SLB. Complementary structural
information was obtained by Neutron Reflectometry (NR). As a result, in the case of POPC SLB the
NHE1/LID was found partially located in the hydrophobic region of the bilayer thus suggesting that the
protein domain can actually penetrate the lipid membrane. Interestingly, in the case of POPC/POPS, the
NHE1/LID was found adsorbed on the lipid membrane surface and no membrane penetration occurred.
The collected results suggest that the membrane lipid composition has a strong effect in tuning the
location of NHE1/LID as a potential consequence of different protein conformations. Molecular Dynamic
(MD) simulations and additional experiments with different membrane lipid composition are planned to
complement the current results.
Acknowledgments: This work was supported by the Novo Nordisk foundation SYNERGY program and
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The diffusion of integral membrane proteins is surprisingly rich, because the motion of objects embedded
in the membrane couples via momentum transported both through the membrane and through the
bounding fluid adjacent to the membrane. In a “free standing” membrane — one which is homogeneous
in the plane, and coupled above and below to a homogeneous fluid of much lower viscosity, the ratio of
viscosities (the “Saffman-Delbruck” length or LSD, typically ca. 0.1 to 1 m) defines a crossover from
momentum transport via the membrane to via the bounding fluid. When adding features designed to
mimic the cell membrane (actin cytoskeleton, other integral membrane proteins), other lengthscales enter
the problem (density of actin binding sites, typical distance between embedded proteins), and results are
often counterintuitive, and quite different from the Saffman-Delbruck result. [1] Moreover, even large
molecular dynamics simulations are often small compared to LSD, resulting in significant finite-size
artifacts. [2]
We therefore implemented a fast, particle-based method for solvent hydrodynamics called Stochastic
Rotation Dynamics (SRD) in Gromacs v. 5.0.3, and coupled the method to the Dry Martini solvent-free
lipid model — Stochastic, Thermostatted Rotation Dynamics (STRD) Martini. [3] The only direct
interactions requiring pair distances are among lipid sites; along with an implementation of SRD designed
for the requirements of the domain decomposition algorithm used by Gromacs, STRD Martini scales well
to millions of sites. Several results are presented to demonstrate that the method accurately models the
quasi2D hydrodynamics of the membrane, including recovering the lengthscale dependence of the
diffusion of lipids in a periodic system, and direct comparison of the Oseen-like hydrodynamic response
to the theoretical prediction, without any fit parameters. The approach admits simulations which retain
chemically detailed molecular interactions between lipids and proteins, is faithful to the hydrodynamics
of the membrane, and tractable for lengthscales that minimize finite size artifacts. [4]
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In mitochondria, cytochrome c oxidase (CcO) is the last protein complex in the electron transfer chain
[1]. It couples the reduction of molecular oxygen to proton pumping across the membrane, which drives
ATP synthesis via the generated proton motive force. A good understanding of the molecular mechanism
of CcO exists [1], however, the possible connection between lipids and protein function is not clear. As
an abundant lipid, cardiolipin is an interesting candidate for enhancing the protein function. In this study,
we have explored these lipid-protein interactions by means of atomistic molecular dynamics simulations.
These simulations are of microsecond time-scale for both monomeric and dimeric forms of CcO. Our
simulation data on monomeric form of CcO reveal that the crystallographically resolved cardiolipins
between the two monomers bind weakly, while the dimeric form of the enzyme is stable. Simulations also
reveal cardiolipin binding sites on protein surface, which are characterized in full details thereby allowing
us to propose novel aspects of enzyme function.
Acknowledgments: We acknowledge research funding from the Academy of Finland, University of
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Finland for computational resources.
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There is no form of life that can exist without ATP. The Nobel Prize in Chemistry in 1997 [1] was
awarded to John E. Walker and Paul Boyer for the discovery of the marvellous machinery responsible for
its production, ATP synthase. This enzyme consists of around sixty subunits, varying in sequence and
monomer copies in complex. It is present in every biological kingdom, transporting protons across either
the inner membrane of mitochondria or inner bacterial membrane, thus parts involved the most in
synthesis are thoroughly conserved. At the time Nobel Prize was awarded, only the structure of the
soluble part of the enzyme was available1. There were many clues supporting the two half-channels as the
mechanism of coupling between the proton-motive force and synthesis itself, but without the Fo structure
that hipothesis remained to be proven. Just recently, H. Guo et al. [2] published a Cryo-EM derived
structure of the whole ATP synthase dimer, for the first time unraveling the architecture of the membrane
part in detail. High resolution crystal structure allowed us to finally build applicable bovine and yeast Fo
models suitable for molecular dynamics simulations, including such precise details as full set of posttranslational modifications. We intend to use this model to simulate the rotation of the c-ring and
association of parts of the Fo complex, as well as further refine two half-channels hypothesis. Our
models, to our knowledge, are the first Fo models to be embedded and relaxed in realistic representations
of the inner mitochondria membrane, with the lipid composition based on the experimental data.
Another important feat of the ATP synthase is its viability as a molecular drug target. Tuberculosis (TB)
is one of the biggest threats to public health, especially in third world countries. As Mycobacterium
tuberculosis attains resistance to more and more compounds, without new, highly selective drugs our
fight against it grows more desperate. The newly developed drug Bedaquiline (BQ), which selectively
targets bacterial ATP synthase, has just joined the standard anti-multi drug resistant TB treatment regime.
With many ongoing clinical trails concentrated around the dosage, there is no doubt about this enzyme’s
capability as a drug target. [3] In our simulations, we are trying to uncover the currently unclear details of
BQ mode of action, as well as establish a viable pharmacophore via molecular docking. With many
different crystal structures of c-ring available, especially those from gram(-) and gram(+) bacteria, yeast,
Bos taurus and Mycobacterium phlei, our docking studies should be able to exploit sequence and
structural differences and reveal paths for new, even more selective drugs.
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Cholesterol is an essential component of cellular membranes which is not only important for regulation of
membrane fluidity, but also participates in several membrane trafficking and signaling events. We present
a new synthetic analogue of cholesterol that incorporates into cellular membranes and can be specifically
labeled with fluorescent dyes by click chemistry. The compound is based on cholesterol linked to Nheterocyclic imidazolium salts that have been used previously to generate ionic lipids with phospholipidlike behavior by introducing 1,3 dialkyl groups [1–3]. We show that the cholesterol-based imidazolium
salts show incorporation into artificial membranes that is very similar to that of natural cholesterol.
Moreover, the new cholesterol analogues are incorporated into cellular membranes and behave
comparable to endogenous membrane cholesterol. Importantly the cellular distribution of the cholesterol
like components can be monitored by live cell imaging experiments. These results indicate that the novel
cholesterol analogs can be used to reveal the dynamic distribution of cholesterol in live cells.

Fig. 1. Cholesterol analog and commercial clickable dye.
Fluorescence microscopies in live cell and model membrane.
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Binding affinities and stoichiometries of sodium and calcium ions to phospholipid bilayers are of
paramount significance in the properties and functionality of cellular membranes. Current estimates of
binding affinities and stoichiometries of cations are, however, controversial due to limitations in the
available experimental and theoretical methods. Experimentally one can assess these parameters by
titrating several membrane properties as a function of the ion concentration. However, the interpretation
of the experiments relies on theoretical models, as direct molecular information is not available.
Classical molecular dynamics (MD) simulations provide details of the ion binding process with atomistic
resolution, therefore offering all the necessary information to interpret experimental data without the need
to resort to over-simplified models. However, the accuracy of the currently available lipid models when
interacting with ions is not sufficient for such interpretation [1]. Recently, we have improved the binding
details of sodium and calcium ions to the 1-Palmitoyl-2-oleoyl-phosphatidylcholine (POPC) bilayer by
implicitly including electronic polarization as a mean field correction, known as the electronic continuum
correction (ECC). Our improved ECC-POPC model reproduces not only the experimentally measured
structural parameters for the ion-free membrane, but also improves significantly the response of lipid
head group to a bound positive charge, and the binding affinities of sodium and calcium ions. [2]
We are now extending our work to other lipid membranes composed of larger varieties of different
biologically relevant lipids. In particular, we focus our attention on membranes with
phosphatidylethanolamine (PE) and negatively charged phosphatidylserine (PS). We compare available
NMR and x-ray experiments with MD simulations to obtain atomistic-resolution picture of the
interactions between cations and phospholipid membranes. Our preliminary results indicate that
electronic polarization is a non-negligable interaction, which dramatically improves the description of
cation binding to the membranes.
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The innate immune system is the first line of defence against foreign agents. It regroups all the cells and
mechanisms that defend the host from infection by other organisms in a non- specific manner. In
Drosophila, the Toll protein is responsible for the activation of the innate immune system in response to
fungal infections. Toll Like Receptors (TLRs) are proteins expressed on the surface of sentinel and
dendritic cells. Their activation constitutes the first response of the innate immune system, triggering
signalling cascades and providing immediate and efficient pro-inflammatory and antimicrobial responses
[1,2]. Thirteen TLRs (named simply TLR1 to TLR13) have been identified in humans and mice together.
TLR4 is activated by the presence of specific bacterial lipids found on the outer membrane of Gramnegative bacteria, but the exact mechanisms of the activation are unclear [3]. TLR4 plays many roles in
different diseases, such as in regulating DNA damage responses and provoking of neuroinflammation in
Alzheimer’s disease [4], which is why understanding the activation mechanisms of TLR4 is of prime
importance to develop efficient drugs targeting TLR4 and help cure those diseases. It has been discovered
experimentally that glycolipids play a role in TLR4 activation, though the mechanism remains a mystery.
To understand TLR4 conformational changes and dynamics associated with activation, and the role that
glycolipids play in these processes, we performed large-scale atomistic molecular dynamics simulations
of the active TLR4 dimer complex in a lipid bilayer, with and without glycolipids, making sure that the
complex atomistic models matched the systems studied in experiments. The key results and their
implications will be discussed in the following presentation.
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In addition to chemical stimuli, protein functions can be modulated by mechanical signals [1].
Mechanical stability is a key feature for the regulation of functions of structural scaffolding proteins, such
as talin and α-catenin. Talin physically connects intracellular actin filaments to extracellular matrix via
transmembrane integrin [β]. Similarly, α-catenin provides connection between cell-cell adhesions and the
cytoskeleton [γ]. Talin and α-catenin undergo unfolding under mechanical load, what opens buried
binding sites for protein partners.
We used a combination of atomistic steered molecular dynamics (SMD) simulations and single-molecule
atomic force microscopy (smAFM) to study how talin and α-catenin unfold. We used different
subdomains of talin rod domain: 5-helix R9 and R11, and 4-helix Rγ. We investigated also α-catenin
modulation domains I to II, which consist of 4-helix bundles. SMD and smAFM reveal that all studied
proteins unfold through stable 3-helix intermediates. The 5-helix bundles were most stable in our
experiments, and after dissociation of H1 and H5 showed second stable conformation corresponding 3helix state. In contrast to 5-helix subdomains, 4-helix bundles were easily unfolded to 3-helix
intermediates by separation of terminal helix. Further unfolding revealed that 3-helix state is the most
stable conformation against mechanical load in the 4-helix bundles [4].
We hypothesize that the 3-helix intermediates are distributed within talin rod during unfolding and may
serve as binding epitopes for protein partners [4].
Acknowledgments: This work was supported by the Academy of Finland grant no. 290506 to VPH. We
thank European Research Council grant 282051 Forceregulation. We acknowledge CSC – IT Center for
Science, Finland, for computational resources. We acknowledge EDUFI (former CIMO) for Postdoctoral
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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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Cell membranes display a tremendous complexity of lipids which contributes to the physical properties of
membranes and signaling pathways. Membrane sphingolipid species with varying fatty acid chain lengths
were described to be involved in different and even opposing cellular processes and to be also
dysregulated in several diseases1,2. In m am m als, six ceram id e synthases (CerS) catalyze the form ation of
ceram id e from a sphingoid base and acyl-CoAs, w ith distinct tissue expressions and substrate
specificities tow ard s d ifferent lengths of fatty acyl-CoAs. CerS2, w hich catalyzes the synthesis of very
long chain fatty acid (VLCFA) containing-sphingolipid s, is strongly expressed in liver and d uring active
m yelination, and its knockout causes hepatocellular carcinoma and m yelin sheath d efects 2. H ow ever,
the und erlying m olecular m echanism s rem ain elusive. We aim to id entify and characterize chain -length
specific protein-sphingolipid interactions using a com bination of biochem ical and cell biological tools.
Crosslinkable and clickable sphingosine (pacSph) fed to ∆SGPL1 cells allow s id entifying proteins
specifically interacting w ith sphingolipid s 3. To stud y such interactions, w e generated H eLa
∆SGPL1∆CerSβ cells that are characterized by a loss of VLCFA-containing sphingolipids. HeLa

∆SGPL1∆CerSβ cells and the parental ∆SGPL1 cells were UV-irradiated to enable crosslinking of
proteins interacting with the bifunctional sphingolipids. Following Cu-catalyzed click reaction with
biotin-azide, clicked lipids along with crosslinked proteins were affinity purified and subjected to MS
analysis. In VLCFA-sphingolipid-depleted HeLa ∆SGPL1∆CerSβ cells, a number of crosslinked proteins
were found to be diminished as compared to the parental cells. Of 55 high confidence hits, selected
candidates are currently subjected to validation and further characterization to determine structural and
functional aspects of these interactions. In vitro, chain length specificity is further addressed by
quenching and FRET assays using either brominated or polyene-lipids in liposomal systems. In cellular
assays, species specificity and structural determinants of these interactions are studied using e.g. siRNAmediated knockdown of CerS, enzyme inhibitors, and site-specific mutations within the TMDs of
candidate proteins. In summary, with our approach we aim at identifying sphingolipid species-specific
interactions with proteins on a proteome wide level to get further insights into regulatory functions of
individual lipid species as part of the complex lipid membrane.
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The aggregation of A 4β was shown to preferentially occur in rigid liquid-ordered phases that are
comprised of sphingomyelin (SM) as well as cholesterol.[1] GM1 has also been shown to mediate A
aggregation, however it has been shown both to accelerate aggregation as well as inhibit it.[2]
To resolve the contribution of these lipids to the aggregation of the amyloid- protein into -sheet rich
toxic oligomers, we employed molecular dynamics
simulations to study the effect of cholesterol-containing
bilayers comprised also of POPC, POPC and 30%
sphingomyelin (SM), and POPC and 5 % GM1. The
increased bilayer rigidity provided by SM reduced the
interactions between the SM-enriched bilayer and the
N-terminus of A 4β, which facilitated the formation of
a -sheet in the normally disordered N-terminal region.
With -sheets in the at the N and C termini, the structure
of A 4β in the SM-enriched bilayer most resembles the
-sheet-rich structures found in higher-ordered A
fibrils (Fig. 1). Conversely, when bound to a bilayer
comprised of 5 % GM1, the conformation remained
similar to that observed in the absence of GM1, with
A 4β only making contact with one or two GM1
Fig. 1. The -sheet-enriched A 42 in bilayer molecules at one time. These results should provide
containing 40% POPC, 30% SM and 30% molecular-level insight into the role sphingolipids play
in the aggregation of A 4β.
cholesterol.
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Our work unveils a new and generic mechanism that extremely enhances the diffusion of lipids in
membranes. Since 1975, the collective dynamics of membrane lipids have been described by the
celebrated Saffman-Delbrück (SD) theory which predicts the slowing down of large flow patterns of
lipids due to the solvent's tangential friction on the membrane[1]. However, the present computational
and theoretical analysis show that the SD theory does not apply at times less or about than 100 ns. At
short times, the solvent momentum in the normal direction propagates tangentially over the membrane
surface creating long-range repulsive hydrodynamic forces among lipids. As a consequence the collective
diffusion coefficient becomes anomalous and increases proportionally to the disturbance wavelength [2,
3]. At short wavelengths, our results are in good agreement with spin echo experiments[3] while at large
wavelength we find quantitative agreement with theoretical predictions[4]. These result confirm the
existence of strong localized lipid currents at all scales[5] and provides a theoretical framework relevant
in fast localized processes, such as spontaneous nanopore formation and the kinetics of lipid rafts and
proteins.

Fig. 1. Averaged velocity field evaluated from lipid displacements with respect to a central tagged lipid. Colour box
represent the modulus of the velocity field.
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Mechanosensitive protein channels regulate the flux of solutes between the cell and its environment in
response to mechanical stimuli, and are central to survival and adaptation of all organisms. Recent
experiments have suggested that bacterial mechanosensitive channels can aggregate into clusters,
exhibiting non-linear gating activity [1]. The understanding of the functional role of this cooperative
gating, and of the physical mechanisms behind the process, are currently completely lacking. Here we
develop a near-minimal coarse-grained model of mechanosensitive channels embedded in a lipid
membrane, and analyse the gating activity of a single channel. We then explore the dynamic aggregation
of many channels and their cooperative response to mechanical stress. We find that the channel
aggregation promotes the closure of individual channels, which is highly dependent on the channel
concentration and the amount of tension in the membrane. We show that such a behaviour produces a
dynamic and tightly controlled gating system, which can be crucial in protecting the cells against
excessive gating. We provide predictions that enable our findings to be experimentally tested in live
bacteria, and outlay design rules for creating efficient nanomechanosensors and artificial synthetic
channels.
Acknowledgments: This work was supported by Engineering and Physical Sciences Research Council,
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Intercellular communication is critical for multicellularity. It coordinates the activities within individual
cells to support the function of an organism as a whole. Plants have developed remarkable cellular
machines -the Plasmodesmata (PD) pores- which interconnect every single cell within the plant body,
establishing direct membrane and cytoplasmic continuity, a situation unique to plants. PD are
indispensable for plant life hence human health. They control the flux of molecules between cells and are
decisive for development, environmental adaptation and defence signalling.
A striking feature of PD organisation, setting them apart from animal cell junctions, is a strand of
endoplasmic reticulum (ER) running through the pore, tethered extremely tight (~10nm) to the plasma
membrane (PM) by unidentified “spokes”. To date the function of ER-PM contacts at PD remains a
complete enigma. We don’t know the molecular mechanisms controlling this highly specialized
membrane junctions.
Our work focuses on investigating the structure/function of the C2 domains of the Multiple C2 domains
and Transmembrane region Proteins (MCTPs) family, which are candidate ER-PM tethers. Sequence
analysis of the MCTPs was performed to delimit the C2 domains and molecular modelling was used to
build accurate 3D models that were used for molecular dynamic simulations. Our results suggest the
ability of C2 domains to dock onto biomimetic lipid bilayers, in an anionic lipid-dependent manner, as a
result of electrostatic interactions between basic amino residues and lipid polar heads.
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Cholesterol is an essential constituent of mammalian cell membranes. It is enriched at the plasma
membrane (PM) and of low abundance in the endoplasmic reticulum (ER). Cholesterol transport to the
ER is of key importance to safeguard the cellular cholesterol homeostasis. Arrival of cholesterol at the ER
controls transcriptional response pathways affecting uptake and de novo synthesis of cholesterol.
However, transfer mechanisms shuttling cholesterol from the PM to the ER still need to be elucidated.
Membrane contact sites can facilitate lipid transport, e.g. phospholipid exchange at PM/ER contact sites
and cholesterol transport at ER/Golgi contact sites. Recently, a novel protein family named “Lipid
transfer protein Anchored at a Membrane contact site” (Lam/GramD1 proteins) has been described in
yeast. Some Lam proteins localize to ER/PM contact sites and facilitate sterol transfer in yeast. In humans
three different Lam proteins exist, Lam-A, B and C. We focused on the detailed investigation of Lam-A,
which is ubiquitously expressed in human tissues. For this purpose, we generated different Lam-A
deficient cell models. We will present how Lam-A influences cholesterol transport at ER/PM contact
sites. Furthermore, we will provide a spatio-temporal analysis of the intracellular Lam-A distribution in
response to changing lipid levels.
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Lipid and protein sorting are crucial processes that maintain unique biophysical and biological properties
of different organelles. Nevertheless, little is known about mechanisms behind lipid sorting.
Sphingomyelin (SM) is synthesized at the trans Golgi network (TGN) and transported to the plasma
membrane (PM) via an uncharacterized pathway. SM enrichment in transport carriers cannot be explained
by a curvature-based mechanism of lipid sorting due to its property to form stiff membranes. A
mechanism of protein-mediated lipid sorting has been proposed, taking advantage of proteins' affinity for
curved membranes and specific lipids. One of the proteins enriched in the same secretory pathway is
caveolin, which shuttles between the Golgi and the PM where it forms cup-shape, SM-cholesterolenriched domains called caveolae. The assembly process is initiated by the export of caveolin-enriched
vesicles from the Golgi but little is known about this first step except from a critical role of lipids in
caveolin oligomerization.
The central goal of this project is to determine the role of caveolin in SM trafficking from the TGN to the
PM and to decipher the molecular mechanisms behind caveolin assembly using a bottom-up approach.
We purified caveolin 1 (Cav1) and reconstituted into small unilamellar vesicles, what was shown by
density centrifugation and visualisation of proteo-liposomes by cryo-electron microscopy. Additionally,
we analysed Cav1 reconstitution in presence of cavtratin – peptide disrupting Cav1 oligomerization.
Without cavtratin Cav1 creates multilamellar, undulated structures, while in its presence unstructured
lipids-protein aggregates are observed. In parallel ours in cellulo studies showed differential SM
localization in MLEC Cav1 KO cells, indicating that Cav1 play a role in SM trafficking. Our ongoing
studies aim to reconstitute Cav1 into giant unilamellar vesicles, where the recruitment of Cav1 and SM to
curved membranes will be investigated, complemented by quantitative measurements of membrane
mechanics.
Acknowledgments: This work was supported by the Labex CeltisPhybio and Polish Ministry of Science
and Higher Education – program ‘Mobility Plus’
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Self-assembly of atomically precise metal nanoclusters into ordered superstructures, controlled by
characteristics of the protecting ligand shell and solvent conditions, provide an interesting set of new
materials [1-3]. To elucidate the formation and stability of Au102pMBA44 gold nanocluster self-assembled
into 2D hexagonally packed crystals and spherical shells [1], we have performed atomistic molecular
dynamics simulations of such two types of superstructures in several different conditions [4]. In addition
to significant differences observed in superstructure stabilities in varying solvent conditions, we also
investigated the effect of the protonation state of the protecting pMBA shell of the gold clusters, i.e.,
generating different types of patchiness on the cluster surfaces.

Fig. 1. Effect of different simulated solvent
conditions (b)-(f) on the spherical shell structure (a).
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Listeriolysin O (LLO) is a cholesterol dependent cytolysin (CDC), secreted by a gram-positive bacterium
Listeria monocytogenes, causing listeriosis, which is fatal to immune-compromised individuals [1]. LLO
is a pH-dependent pore forming protein that is highly active in acidic environment (pH 5.5) [2] assisting
bacteria in escaping from the endocytic vesicle inside immune cells which would otherwise kill the
organism [1]. Pore formation is thought to be initiated by the binding of LLO to cholesterol, followed by
oligomerization of the monomers and insertion of transmembrane segments inside the bilayer to form a
pore. Although LLO has been widely studied, there is very little information in the literature that connects
the manner in which membrane lipid dynamics are modulated during pore formation [3]. Studies suggest
that LLO transitions through an inactive intermediate state, called a pre-pore, in the pore formation
process. Further, whether LLO exhibits phase-selective membrane partitioning is yet to be established. To
address some these outstanding issues pertaining to LLO interaction and assembly on phospholipid
membrane, we used fluorescence correlation spectroscopy (FCS) and FRET on artificial membrane
systems.
Giant unilamellar vesicles (GUVs) bound to a supported lipid bilayer were used as model systems to
study LLO interactions with membranes. LLO induced dye leakage of GUVs composed of
DOPC:DPPC:Chl::2:2:1, revealed two distinct population of vesicles: leaked and unleaked. Interestingly,
lipid diffusivities as measured from FCS, indicated a distinct difference between leaked and unleaked
vesicles. Leaked vesicles demonstrated enhanced lipid diffusivity in comparison to the unleaked vesicles
(decreased by a factor of 2.4). Interestingly, LLO was found to preferentially bind to the Ld region of
GUVs on both leaked and unleaked vesicles. We speculate that this is indicative of the state of LLO in the
assembly pathway wherein leaked and unleaked vesicles were composed of pore and pre-pore structures
respectively. Fully formed pores in the leaked vesicles perturb the membrane lipids to a greater extent
resulting in an increase in the lipid diffusivity. However, in the case of unleaked vesicles, where the
assembly intermediates are dominantly in a pre-pore state the lipids are less mobile. Preliminary
molecular dynamics simulations support this lipid slowing down due to the high cholesterol affinity
toward the D4 sub-unit. Additionally, FRET was monitored between Alexa488-tagged-LLO and DiIlabelled-lipid. We observed significant FRET on leaked vesicles whereas it was rarely observed in
unleaked vesicles supporting the connection between the pore states and leakage. These results shed light
on the interplay between lipid dynamics and oligomeric intermediates, suggesting that lipid dynamics can
potentially be used as a marker to distinguish between oligomeric states.
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Lipid nanodiscs are macromolecular assemblies comprising of lipid bilayer patch wrapped with scaffold
molecules thus shielding the lipid hydrocarbon chains from contact with the water molecules. The main
area of nanodisc application is in the studies of membrane proteins [1], but nanodiscs have also found
pharmacological applications, predominately in drug delivery as a carrier for small, hydrophobic drugs
[2]. Another notable pharmacological application of nanodiscs is in cancer vaccine research, where
nanodiscs are used as a platform for antigen and adjuvant thereby increasing the immunological response
by 47-fold than vaccine where antigen and adjuvant are water soluble [3]. Beyond pharmacology,
nanodiscs were shown to be potential element of nanodevices e.g. biosensors [4], nanocatalyst [5], or
used as templates to self-assemble gold nanoparticles into specific geometries [6].
In this study, we combine electron paramagnetic resonance (EPR) spectroscopy with the aid of spectral
and molecular dynamics (MD) simulations to provide comprehensive picture of the lipid conformation
and their properties in nanodiscs. Here, we focus on two factors which determines the nanodisc structure.
First, the lipids constituting them – here we chose POPC as a standard semi-unsaturated lipid, and DMPC
as the saturated one. Second, the length of MSP, which in turn determines the size of the nanodiscs.
Lipids within different size of nanodiscs should behave differently due to the influence of MSP on lipids
being different. Hence, we chose MSP1D1 and MSP1E3D1 proteins which generated nanodiscs
measuring in size about 9.7 nm and 12.8 nm respectively. As a control system, multilamellar liposomes
were used in the experimental part of this study and planar lipid bilayer was used in the MD simulations.
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Biological membranes are supramolecular assemblies that delimit cells and organelles allowing them to
control the chemical composition of their internal aqueous media. The lipid bilayer is the basic structure
of biological membranes creating a continuous thin layer of hydrophobic barrier where proteins are
embedded. The hydrophobic effect is the major driving force for the assembling of the lipid bilayer and
changes in the structure of the aqueous phase have a direct effect on the structure and dynamics of
biological membranes. The presence of many molecules dissolved in the aqueous phase of biological
fluids alters the properties of the solvent; generally referred to as Molecular Crowding Effects.
We have characterized the molecular crowding effects generated by high concentrations of trehalose on
the solubility of homologous series of amphiphilic molecules in the aqueous phase and their partition to
lipid bilayers. The changes observed on the solute solubility depend on their hydrophilic-lipophilic
balance (HLB), with a decrease in the aqueous solubility for large values of HLB and an increase for
small values of HLB [1]. A decrease was observed in the partition coefficient between the aqueous phase
(containing trehalose) and lipid bilayers in the liquid-disordered phase for solutes with intermediate and
small values of HLB, in agreement with the increased solubility in the aqueous phase. However, this
variation increased with the decrease in HLB pointing towards effects mediated by the properties of the
lipid bilayer as well.
The results obtained show distinct effects of molecular crowding depending on the relative polarity of the
solutes and contribute to the understanding of the hydrophobic effect and its influence on the properties of
biological systems.
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Lipopolysaccharides (LPS) are the primary constituent of Gram-negative bacterial outer membranes and
represent the interface between bacteria and their environment. Salmonella enterica, like many bacteria,
have the ability to remodel their outer membrane as a defense mechanism against the host immune
response. This is accomplished through activation of the PhoPQ system, which modifies the structure of
the lipid A portion of LPS. These modifications lead to a decreased ability to activate an immune
response through TLR4 [1], a reduced permeability to antibiotics and other large lipophilic agents [2,3],
and an increased resistance to host AMPs [4], making them crucial for survival within the host organism.
Here, we use experimental and computational techniques to explore how these modifications increase
viability against the human antimicrobial peptide LL-37. A two-fold increase in minimum inhibitory
concentration (MIC) was observed for the constituted mutant bacteria as compared to the wild type.
Additionally, grazing incidence X-ray diffraction on LPS extracted from both strands shows a destruction
of surface crystalline order upon LL-37 introduction. Long time-scale atomistic simulations were used to
explore the association of LL-37 with LPS and modified LPS bilayers. The results reveal that the initial
association and interaction of LL-37 with the outer membrane is largely unaffected by LPS remodeling.
This suggests that the difference in observed MIC is likely due to direct interactions of LL-37 with lipid
A, rather than from interactions with the LPS core or long-range electrostatic effects. Overall, these
results suggest that, while charge-charge interactions drive the initial peptide-lipid association, subsequent
membrane disruption or pore formation are likely regulated by hydrophobic interactions with lipid A.
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Traumatic brain injury (TBI) is one of the most frequently occurring types of brain injury in which a
mechanical force injuries the brain. One of the main causes of fatal damage through the TBI seems to be
the axon deformation [1]. The axon, long extension of the neuron cell, is usually surrounded by a myelin
sheath, a fatty white substance that wraps around axon and protects the cell environment. To better
understand the axon deformation upon mechanical stress, we have investigated the effect of lipid
composition on the mechanical property of the membrane. To achieve this, we have used classical
molecular dynamics (MD) simulations at atomistic and coarse-grained levels and described the membrane
as a lipid bilayer.
Here, we report the study of bilayers that
resemble the myelin sheath and plasma
membrane and we compare the elastic
properties (for example area compressibility,
Young's modulus, and bending modulus) with
standard membrane (phospholipids and
cholesterol). All the bilayers are composed of up
to three types of lipids and 30% of cholesterol.
To characterize the myelin-type and plasmatype
bilayers,
we
used
30%
of
galactosylceremide
and
sphingomyelin,
respectively [2]. The membranes were simulated
under different surface tensions to mimic the
effect of mechanical stress on the bilayer. The
results show that by increasing the surface
tension, the areal strain first increases linearly
and at the end it reaches a plateau. The largest
area compressibility and therefore stiffness was
observed when galactosylceremide lipids type
Fig. 1. Surface tension as function of the areal strain were in the bilayer composition. We also
for coarse-grained membranes. The inset shows the discuss the elastic property of plasma bilayer
figure for the areal strains less than 5 percent.
with 7-lipids types [3].
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Lecithin (1,2-diacyl-sn-glycero-3-phosphocholine) is a typical part of biological membranes, together
with other lipids (cholesterol). Lecithin can also interact with cations, such as Cu2+ [1], Yb3+, which is
used for stabilization of artificial membranes [2]. Also other interactions are expected. For experimental
purposed dimethylsulphoxide (DMSO) is commonly used; in relation to phospholipid membranes mainly
to penetrate them and allow to enter other chemicals into the cell [3]. In biological cell, always Ca 2+ is
present, playing many roles in the regulation or mediation of biochemical processes. In the contribution
we are focusing on experimental determination of possible interactions in ternary mixture consisted of
Ca2+, lecithin and DMSO in the gas phase using electrospray ionization mass spectrometry (ESI-MS). In
the ESI mass spectrum (Fig. 1) are shown: (i) calcium complexes with lecithin (L), which can be
described by the summary formula: [Ca(L)x]2+, where x is 1 to 5, and (ii) the mixed calcium complexes
with DMSO and L: [Ca(DMSO)y(L)]2+, where y is 1 to 3. (iii) the calcium complexes with DMSO are
present too (but not shown in the Fig. 1), however they were described in detail by [4]. The knowledge of
stoichiometry of the possible complexes formation helps to understand the joint impact of DMSO and
Ca2+ on the formation of molecular structures in membranes.
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The role of lipids and their metabolic pathways in the cancer development and progression are between
the most intriguing and promising research fields to find novel targets to tackle tumorigenic mechanisms
and develop new therapeutic treatments. Lipids have crucial cellular functions, from the constitution of
plasma/organelles membranes to second messengers of signal transduction, through the regulation of the
activities of proteins [1]. Increasing the knowledge in this field is of crucial importance since alterations
of lipid compositions and molecular mechanisms in cellular membranes are associated with pathological
conditions, from neurodegenerative diseases to cancer progression [2, 3]. Our collaborators in the Unit of
Cell Death and Metabolism at DCRC recently showed that accumulation of sphingolipids in cellular
membranes, as happens in metabolic diseases and in several types of cancers, are associated with toxicity
towards cancer cells and impairing in the trafficking of proteins [4, 5].
We are developing an experimentally-driven computational framework bringing together data from
lipidomics of single organelles with molecular dynamics simulations, accompanied by experimental
studies on model cells, to investigate effects of sphingolipid composition on in silico models of cellular
membranes. Thanks to the lipidomic facility at DCRC, we perform organelles profiling to define
quantitatively and in detail their lipid composition and sphingolipid content in membranes in normal and
altered cells. We use lipidomics data to design in silico lipid bilayers resembling different organelle-like
environments and investigate their molecular properties by all-atom explicit solvent/membrane
simulations. We are developing an automated computational pipeline to analyze the structural features
and dynamics of the lipid bilayer, investigating how different sphingolipid compositions affect membrane
properties. The integration of lipidomic studies and computational approaches constitutes a promising
approach for organelle profiling, investigate structural properties and dynamics of lipid membranes and
how they are perturbed in cancer and diseases.
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Generation of membrane curvature is crucial for the formation of plasma membrane protrusions and
invaginations during cell migration, morphogenesis, and endocytosis. Recent studies have shown that
BAR domain proteins can sense and generate membrane curvature and deform the plasma membrane into
protrusions or invaginations during these processes. From the BAR superfamily proteins, the I-BAR
domain proteins bind to phosphoinositide-rich membranes through their positively charged convex
surface, thereby promoting the formation of filopodia-like membrane protrusions in cells [1]. We have
previously shown that missing-in-metastasis (MIM/MTSS1), one of the I-BAR domain proteins, is highly
expressed in the kidney of adult mice. MIM knockout mice display defects in the integrity of the kidney
epithelium, suggesting the important physiological role of MIM in the maintenance of epithelial tissues.
To elucidate the function of MIM in kidney epithelia, we established stable MDCK cell lines expressing
HA-tagged MIM, and confirmed that MIM specifically localizes to the cell-cell adhesions, suggesting that
MIM functions at these sites. By immune-electron microscopy, we revealed that intercellular adhesions of
epithelial cells contain highly-curved membrane structures where MIM localizes, suggesting that MIM
can sense and/or generate plasma membrane curvature at cell-cell adhesions. To elucidate the mechanism
by which MIM functions at cell-cell adhesions, we applied proteomics approaches and identified several
interaction partners of MIM. We now examine the biochemical roles and physiological relevancies of
these newly identified interactions to reveal how MIM coordinates actin and membrane dynamics at
intercellular adhesions of epithelial cells.
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Immune cells are usually triggered by a contact with a pathogen, allergen or another cell. The
spatiotemporal regulation of signaling components in this contact zone (so called immune synapse)
determines how and when signaling begins and ends. Therefore, it is crucial to be able to elucidate the
molecular details of the immune synapse. However, the detailed investigation of each component
contributing to the formation and regulation of the immune synapse individually is hampered by the
complexity of the cellular architecture. Moreover, transient nature of these interactions further makes it
challenging to study them in vivo with advanced imaging technologies. Thus, in vitro systems mimicking
the immune cell-cell interactions with controllable complexity will allow us to decipher the molecular
details of immune synapse. Here, we present an in vitro system making use of both artificial and cellderived vesicles that mimics several aspects of immune cell-cell interaction. Using this system, we
investigate the spatial distribution of signaling molecules (receptors, kinases and phosphatases),
intracellular rearrangements upon initiation of signaling and the membrane remodeling in the immune
synapse. The model system presented here is applicable for any cell-cell interaction study, hence will find
applications in other fields.
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Protein Kinase D (PKD) is an essential serine/threonine kinase belonging to the calcium- and calmodulindependent family of kinases, which is involved in a variety of cellular processes, such as vesicle fission at
the trans-Golgi network. Its dysregulation can lead to different pathologies, like cardiac hypertrophy, and
cancer. PKD is activated downstream of either G-protein coupled receptor or receptor tyrosine kinase
signaling, resulting in the production of diacylglycerol (DAG) in the membrane, and subsequent binding
of PKD via its C1 domains [1]. Additionally, its activation has been previously shown to be dependent on
phosphorylation at its activation loop phosphorylation sites by upstream kinases like Protein Kinase C [2].
Preliminary findings from our lab led to the characterization of a previously unknown domain at the Nterminus of PKD, which we termed ‘ubiquitin-like domain’ (ULD) on account of its homology to the
ubiquitin fold. The ULD of PKD forms a dimer in solution, which is essential for PKD activation in cells.
The kinase domain of PKD3 dimerizes in solution in a concentration-dependent manner, and is capable of
trans-autophosphorylation on a single residue in its activation loop. Having observed both concentrationdependent dimer formation in solution and autophosphorylation in vitro, we hypothesized that the kinase
domain is phosphorylated on its activation loop in a trans-autophosphorylation reaction, and not by
upstream kinases. We were able to confirm this hypothesis by crystallizing the kinase domain of PKD3 in
complex with AMP-PNP, an ATP analogue, and solving the structure by molecular replacement by using
the kinase domain of Checkpoint kinase 2 as a search model. The kinase domain crystallized in a dimeric
arrangement, and mutation of a C-terminal residue leads to a shift towards a monomeric species in sizeexclusion chromatography. On the basis of these findings, and together with the preliminary data from
our lab, we propose a new model for PKD activation in which upon an increase in local concentration at
the membrane and binding of PKD to DAG via its C1 domains, the ubiquitin-like domain dimerizes,
which subsequently leads to dimerization of the kinase domain and activation by transautophosphorylation.
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The highly conserved heteromultimeric moleular machine Vacuolar-type H+-ATPase (V-ATPase) is an
evolutionarily ancient enzyme which has diverse functions in eukaryotic organisms. This enzyme can
acidify a wide array of intracellular organelles and pump protons across the plasma membranes of
numerous cell types, coupling the energy of ATP hydrolysis to proton transport across intracellular and
plasma membranes of eukaryotic cells. Misfunction of V-ATPase can contribute to human diseases and
pathologies, including viral entry, tumor invasive-ness, pathogen virulence, multidrug resistance in
cancer, diabetes, Alzheimer disease, and Parkinson disease. However, in the budding yeast S. cerevisiae,
the V-ATPase is not essential for growth, but loss of V-ATPase function is conditionally lethal.
Stv1 is present already in yeast and homologous to mammalian V-ATPase Vo domain subunit a.
Existence of this isoform is quite influencial for a number of biochemical and cellular properties of the VATPase complex itself. According to recent findings, the cytosolic N-terminal domain of Stv1 seems to
be interacting with PI4P (phosphatidylinositol 4-phosphate) which is a crucial factor in transmitting
organelle-specific targeting or regulating information to V-ATPases [1]. Moreover, there is a specific
tripeptide- motif called as W83KY in Stv1 N-terminal part which is responsible for the trafficking of VATPase within the Golgi/endosomal network [2]. The objective of this project is to gain structural
knowledge of Stv1 and the interaction between Stv1 and PI4P. To understand exactly how this cargo is
moving in Golgi and how PI4P drives the localization of Stv1, it is necessary to obtain structural
information at the atomic level. In order to do that, we are employing X-ray crystallography. Eventually,
in future the other structural techniques such as cryo-EM will be employed as well to understand how
Stv1 interacts with the lipid bilayer. Furthermore, multiple reports imply the importance of V-ATPase in
viral infection [3,4]. So it would be interesting to see how does Stv1 function and localization change
upon viral infection.
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To study the functionality of integral membrane proteins (IMPs) they must be interrogated while
imbedded in the membranes [1, 2]. It is well known that slight chemical and/or structural changes in
surrounding phospholipid composition may impair or enhance properties of IMPs. In this work, we
developed a generalizable strategy for assembly of hybrid trans-membrane proteins at the phospholipid
surface. IMP integration into tethered bilayer membranes (tBLMs) was achieved by first: inserting the
trans-membrane (TM) domain of the IMP into the tBLM, and then attaching the soluble domain of the
IMP to the TM via an enzyme-mediated reaction. The two steps in this strategy are carried out under
different chemical/biochemical conditions: one suitable for insertion of insoluble part of the IMP to
phospholipid layer and, second, for attaching the soluble part of the IMP to the TM domain to form
hybrid protein under mild biochemical conditions. As an example, we created an EGFR/CD20 hybrid
trans-membrane protein that is comprised of the TM domain from epidermal growth factor [3] (EGFR)
and the soluble extracellular loop of the B-lymphocyte antigen CD20 (CD20) protein in POPC tBLM.
CD20 has been a focus for immunotherapy for more than 20 years and is targeted using the rituximab
antibody (Ab). The mechanism of action of rituximab functioning, however, remains not well-understood
[4]. We used a sortase A enzyme mutant [5] with 140 time higher efficiency over the wild-type sortase A
to ligate EGFR with CD20. With the help of surface plasmon resonance (SPR) and electrochemical
impedance spectroscopy (EIS) measurements, conducted simultaneously on the same sample surface, we
optimized conditions for the ligation procedure, as well as for the reversible reaction to remove CD20
from the tBLM, and determined the influence of Ca2+ ions on the enzymatic reaction. We inserted EGFR
and pHLIP (pH-insertion dependent peptide) [6] in tBLMs and showed the influence of the peptides on
electrical properties of the bilayer membranes. Finally, we obtained the dissociation constant,
KD=0.γ1 M, of the rituximab Ab to the hybrid CDβ0/EGFR trans-membrane protein in bilayer
membranes. It is envisioned that this general strategy could be applied for IMP assembly not only on
planar phospholipid layers, but also in liposomes, nanodiscs, vesicles, bi-cells etc.
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In conditions of oxidative stress, different reactive oxidative species (ROS) are constantly produced in
living cells. Among the plethora of changes in biophysical membrane properties, ROS are also altering
ion transport across phospholipid bilayers resulting in the disorder in cell metabolism [1]. The most
prominent ROS formed in cellular membranes during oxidative stress is aldehyde 4-hydroxy-2E-nonenal
(4-HNE), which readily reacts with surrounding membrane proteins and lipids containing amino groups
[2].
In order to shed more light on the consequences of chemical changes on membrane biophysical
properties, we modified amino groups of phosphoethanolamine (PE) to match experimentally observed
covalent PE adducts [3, 4]. We performed molecular dynamics (MD) simulations of bilayers with
different lipid compositions supported with mechanistic details of chemical reactions in membranes
described with highly detailed quantum (QM) chemical calculations and different experimental
techniques in model systems, such as nuclear magnetic resonance (NMR) and liquid chromatography
tandem mass spectrometry (LC-MS). Using this synergistic approach, we describe how specific chemical
reactions of 4-HNE with PE lipids resulting in complex PE adducts induce a drastic increase of Na+
transport across model biological membranes, in contrast to other simpler PE adducts which do not
significantly alter membrane biophysical properties [5].
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There is a manifold of interactions between proteins and membranes including local modulation of
membrane thickness, curvature, or structure, as well as forces induced by pinnings to external structures,
for example the cytoskeleton or a second membrane. Due to their long range nature and non-specificity
[1], membrane mediated interactions may be vitally important for clustering of membrane proteins. In
turn, this is important for a number of biological processes among which are cell adhesion, where binding
to an adhesion junction and growth of domain may be affected [2], but also for the interactions between
membrane attached, functionalised nanoparticles.
We use the Helfrich Hamiltonian [3] to model the membrane, and a harmonic point force to model the
effect of the membrane inclusion on the membrane. The latter is deforming the membrane and induces
local reductions in membrane fluctuations. Using a mean field model, we analyse the resulting potentials
and forces between proteins [1]. By studying the second virial coefficient, we estimate the position of the
gas-liquid critical point [4]. We show that, depending on the membrane and inclusion parameters, the
membrane mediated forces can be enough to drive clustering [5]. The effect of these interactions on the
diffusion of proteins [5] is analysed through the mean first passage time and a multiscale approach [6].

Fig. 1. Diffusion of a free membrane pinning in an array of
affixed ones.
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The whooping cough agent, Bordetella pertussis, secretes the adenylate cyclase toxin-hemolysin (CyaA,
ACT, AC-Hly), a major virulence factor that plays a crucial role in bacterial colonization of host
respiratory tract. CyaA exhibits two distinct and mutually independent biological activities on CD11b
expressing myeloid phagocytic target cells. Firstly, one class of CyaA conformers forms small cationselective pores that can cause colloid-osmotic (oncotic) lysis of target cells. In parallel, other CyaA
conformers translocate the adenylate cyclase (AC) enzyme domain of the toxin across the membrane of
target cells, thus effectively subverting the bactericidal functions of cells by unregulated catalysis of
cytosolic ATP conversion into cAMP, a key signaling molecule. The dual function CyaA toxin thus
belongs to the RTX (Repeats-in-ToXin) family of pore-forming toxins. However, it forms notably smaller
pores than other pore-forming toxins from the RTX cytolysin family. Here we investigated the specific
segments of CyaA involved in the reduction of the pore conductance and diameter. Using planar lipid
bilayers made of DPhPG we investigated single pores formed by CyaA and several mutant toxin variants
and their pore selectivities. By measuring pore conductance in the presence of non-electrolytes of known
diameter, we have studied the overall shape of CyaA pores. Our results suggest that CyaA pores adopt
two distinct states with distinct pore selectivities.
Acknowledgments: This work was supported by the Czech Science Foundation, grant no. 16-05919S.

124

B76
Physical Model Simulation of Golgi Reassembly Dynamics
1

M. Tachikawa1
Theoretical Biology Laboratory, Riken, Wako, 351-0198, Japan
e-mail: mtach@riken.jp

Despite the recent developments in microscope technology, it is still difficult to observe intracellular
structures in detail. In particular, the three-dimensional morphological dynamics of organelles remain
elusive. However, the size and entity of an organelle can be described using physics. Therefore, in this
study, we performed computer simulations for physical membrane modelling aimed at the visualisation of
organelle dynamics.
We focused on the Golgi reassembly process in mammalian cells, where Golgi-derived vesicles assemble
into the characteristic Golgi shape at the end of cell division [1]. We described membrane shapes with a
triangle polygon and built a physical membrane simulator based on the Monte-Carlo method [2].
Considering the stability of the interphase Golgi shape, we constructed a physical model of the Golgi
apparatus in which two hypothetical mechanisms, the Golgi rim stabilizer protein and curvaturedependent restriction on membrane fusion, were introduced into the general membrane model. To mimic
the reassembly process, we modeled a small cubic space with a periodic boundary and introduced vesicles
one-by-one at an interval.
In the simulations, we found that the characteristic Golgi shape was spontaneously organised from the
assembly of vesicles (Fig. 1). We also demonstrated that the fine Golgi shape forms via a balance in three
reaction speeds: vesicle aggregation, membrane fusion, and shape relaxation. We constructed the model
only referring to the interphase Golgi shape, and the model reproduced whole reassembly dynamics.
Therefore, we conclude that the formation of the Golgi apparatus through the reassembly process can be
regarded as self-organisation.

Fig. 1. Snapshots of Golgi reassembly simulations. Vesicles added one-by-one at an interval assemble, fuse,
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Phospholipid membranes form cellular barriers but need to be flexible enough to divide by fission.
Phospholipids generally contain a saturated acyl chain at position sn1 whereas the sn2-FA is saturated,
monounsaturated or polyunsaturated. To obtain details at the molecular-level, we used coarse-grained and
all atom molecular dynamics simulations. The development and application of several descriptors allowed
us to discriminate the structure and dynamics of the different monounsaturated or polyunsaturated
phospholipids. The molecular dynamics simulations reveal that the vertical movements of the acyl chains
along the membrane normal increase with polyunsaturation and are responsible for the increasing
flexibility of the membranes. This increase in flexibility could be directly observed in membrane tether
simulations in which a force is applied to a flat lipid bilayer, which leads to the formation of a tubule,
which eventually brakes by fission. In agreement with the experiments, the simulations indicate that
phospholipids with one docosahexaenoic acid chain (DHA; omega-3) make membranes more deformable
than phospholipids containing less unsaturated acyl chains, including arachidonic acid, an omega-6 acyl
chain. The probability of membrane fission shows the same trend as a function of lipid unsaturation.
Experimentally, we also observe that phospholipids with two polyunsaturated acyl chains make
membranes even more prone to vesiculation than phospholipids with one saturated and one
polyunsaturated acyl chain. However, this effect correlates with a dramatic increase in membrane
permeability to solutes. We conclude that asymmetric sn1-saturated-sn2-polyunsaturated phospholipids,
which are abundant in the brain and notably in synaptic vesicles, provide a trade-off between efficient
membrane vesiculation and low membrane permeability.
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Sphingomyelin (SM) possesses an acyl group with diverse chain length, among which congeners bearing
C22—C26 acyl groups are called very long chain SMs (Figure 1A). Since they are abundantly distributed
in particular tissues such as liver and white matter [1, 2], and also in exosomes released from cancer cells
[3], the long acyl chain is thought to have a specific role in them.
As a characteristic membrane property of these SMs arising from the length asymmetry between an acyl
chain and a sphingosine moiety, they have been suggested to form an interdigitated structure which
invaginates the acyl chain into the opposite leaflet (Figure 1B). This configuration may enable the
interaction between outer and inner leaflets, which is thought to be one of the molecular basis
contributing to signal transduction across the cell membrane. However, this structure was deduced only in
unitary C24:0-SM membrane by X-ray analysis [4]. Hence, neither the structural details nor experimental
evidence of its existence in more biologically relevant mixed bilayers has not been obtained.
To understand a unique membrane behavior of the acyl chain of C24:0-SM at the molecular level, we
planned to apply deuterium solid state NMR and analyze its detailed behavior in SM containing mixed
model membrane. We synthesized regioselectively deuterium-labeled C24:0-SM derivatives and
measured individual quadrupolar splitting to discuss the local ordering of labeled position. First, by using
ββ’-d2-labeled C24:0-SM (Figure 1A), the ordering effect at the Cββ’ position of Cβ4μ0-SM in C24:0SM/C18:0-SM binary mixtures was found to become lower than that in single C24:0-SM membrane.
However, addition of cholesterol to this SM mixed membrane was found to result in a remarkable
increase in the order of the Cββ’ position. This result could be explained by the additional ordering effect
from the opposite leaflet due to the invagination of the terminal part of alkyl chain, which may be
consistent with the formation of the interdigitated structure. The more detailed analysis of the membrane
behavior in mixed bilayers using other deuterium-labeled SMs is also presented.

Fig. 1. (A) Chemical structures of C24:0 SM and 22’ d2
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Piezo channels are the first eukaryotic mechanically activated (MA) ion channels discovered, an
important class of transducers that convert mechanical stimuli into cellular signals. In humans, Piezo
channels have roles in touch sensation, proprioception, vascular development and much more. The
detailed architecture of Piezo channels has remained elusive, until three independent cryo-electron
microscopy (cryo-EM) structures of mouse Piezo1 were determined at better than 4.0 Å resolution [1–3].
Piezo1 assembles into a homotrimeric complex weighing about 880 kDa. Up to 26 of the predicted 38
transmembrane helices were modelled [1], revealing a striking dome-like propeller blade architecture.
This suggests the possibility of channel-induced inward membrane curvature in the absence of a
mechanical stimulus. To extend our structural understanding of Piezo1 beyond detergent environments,
we explore how this protein interacts with lipid bilayers in silico using molecular dynamics simulations.
In our coarse-grained (CG) simulations, phospholipid molecules self-assemble [4] into a curved bilayer
around Piezo1. In subsequent microsecond-duration CG simulations, independent fluctuations in blade
curvature were observed, which agrees with previously reported distinct and asymmetric cryo-EM classes
[β, γ]. This may correlate to Piezo1’s ability to sense forces applied onto the bilayer and extracellular
shear force in all directions. Moreover, the flatness of the dome-like structure of the channel is modified
during the course of simulation, compared to the detergent-solubilised state. The effects of stiffening
lipids are also explored by simulations in a mixed lipid bilayer.
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Amphotericin B (AmB) has the broadest spectrum of antifungal activity and has been used as an
antibiotic against systemic fungal and parasitic infections for more than 50 years without the development
of significant microbial resistance. AmB is a membrane-binding polyene macrolide that interacts
preferentially with ergosterol, giving rise to fungal specificity. It also interacts with a lower affinity with
cholesterol, giving rise to toxic side effects that are often dose-limiting. The classical AmB mechanism is
based on aqueous pores formed by AmB-sterol complexes [1,2], but it has recently been suggested that
ergosterol-binding alone [3], or extraction of ergosterol [4] by AmB is sufficient for the antifungal
activity. In this presentation I will describe how we use neutron reflection to study the structural basis of
the AmB mechanism in yeast membranes.
We have carried out a detailed characterization of the lipid composition and structure of reconstituted
membranes from the yeast Pichia pastoris [5], as well as the consequences of AmB activity [6]. The
structure of yeast membranes and their response to AmB differ considerably from typical model lipid
bilayers and depends on the degree of lipid polyunsaturation as well as the sterol content. AmB inserts in
yeast membranes both in the absence and presence of ergosterol, but forms no aqueous pores. Neutron
reflection allowed us to detect in-situ the extramembraneous AmB layer, which acts as an ergosterolextracting sponge, as recently proposed [4].
In membranes from strains of the opportunistic pathogenic yeast Candida glabrata, which have been
genetically manipulated to show either increased or decreased AmB resistance, we have observed that
resistance is related to decreased AmB insertion and sterol extraction while high susceptibility to AmB in
the cell cultures correlates with a higher sterol extraction.
In contrast, AmB has only a limited interaction with typical model lipid membranes composed of POPC,
and forms no sponge layer. Finally, AmB inserts to a higher degree in cholesterol containing POPC
membranes, while the amount of cholesterol extracted is very limited.
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Membrane binding of peripheral proteins is governed by contributions from the partitioning of individual
amino acids and from specific interactions with the lipids. Dissecting these individual amino acid
contributions is challenging from equilibrium molecular dynamics simulations. On the other hand,
methods like free energy of perturbation (FEP) can be used in principle to evaluate these contributions by
mutating residues involved in binding. In this work, we use FEP to quantify the role of aromatics in the
affinity of Bacillus thuringiensis phosphatidylinositol-specific phospholipase C (BtPI-PLC) and
phospholipase A2 (PLA2) from the venom of the Chinese cobra (Naja naja atra) for phosphatidylcholinecontaining bilayers. We selected tyrosines and tryptophans located at various postions in the interfacial
binding site and mutated them to alanines to evaluate their contributions in membrane binding. Earlier
computational and experimental works identified some of the tyrosines to mediate cation-π interactions
with choline groups from the phospholipids, and others to partition at the interface without mediating
cation- π interactions in PI-PLC. The FEP results show significantly different contributions for the
tyrosines involved in the cation-π interactions (higher contribution to membrane binding > 2.5 kcal/mol)
and those tyrosines not involved in cation-π interactions (ca. 1 kcal/mol). Tryptophans are intrinsically
less likely to engage in cation-π interactions but their contribution to membrane binding increases with
the depth of insertion. Our results are in good agreement with available experimental data and in
particular with the measured changes in the equilibrium dissociation constants of the mutant compared to
the wild type protein.
Acknowledgments: This work was supported by the Norwegian Research Council.
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Guanosine triphosphate (GTP) binding proteins (GBPs), which belong to dynamins and dynamin-like
protein subfamilies, play an essential role in many cellular processes, such as scission of newly formed
vesicles from the membrane of one cellular compartment and fusion with another compartment at the cell
surface or the Golgi apparatus [1, 2]. GBPs are interferon- induced effector molecules acting against
intracellular bacteria and parasites [3]. GTP can bind to murine GBPs (mGBPs) and promote the
formation of dimers and also larger multimers, which were demonstrated to destabilize the
parasitophorous vacuole (PV) membrane after Toxoplasma gondii infection. In order to obtain an
understanding about this process for mGBP2 on the molecular level, biophysical studies of the
conformational dynamics of the protein, its dimerization and interaction with lipid bilayers mimicking the
PV membrane are required. To this end, we performed Hamiltonian replica exchange molecular dynamics
(H-REMD) simulations to elucidate the dynamics of mGBP2 as apo protein, with GTP bound as well as
under the influence of both GTP and post-translational geranylgeranylation. In parallel, we studied the
binding of mGBP2 to a POPC (1-palmitoyl-2-oleoylphosphatidylcholine) membrane using ordinary
molecular dynamics (MD) simulations on the microsecond timescale, which allows us to compare the
dynamics of mGBP2 in water and its membrane-bound state, to unravel the effects of mGBP2 on the
various membrane properties, and to identify key residues for membrane binding. The current conclusions
are that the large-scale motions observed for mGBP2 in water are still present, yet to a limited degree,
when bound to the membrane, which in turn causes a disordering and bending of the POPC membrane. In
addition to the geranylgeranyl moiety, which inserts into the bilayer upon membrane binding, we
identified three lysines as key residues for this process as they significantly interact with the negatively
charged heads of the lipid bilayer. Mutation studies testing the relevance of these three lysine residues for
the defense against Toxoplasma gondii infection are under way.
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Based on their phospholipid composition and cholesterol content, membranes of retina photoreceptors can
be divided into three types: plasma membrane, young disks membrane, and old disks membrane. High
amount of docosahexaenoic acid, abundant illumination, and high respiratory demands make these
membranes sensitive to oxidative stress and lipid peroxidation. Using synthetic lipids we prepared
liposome models of these three types of membranes and we investigated how membrane physical
properties change during oxidative stress in the presence and absence of lutein and zeaxanthin,
antioxidants present in macula lutea, and a bile acid compound – TUDCA, tauroursodeoxycholate, which
efficiently protects photoreceptors against light-induced damage. Applying electron paramagnetic
spectroscopy (EPR) and a set of lipid spin labels we obtained information about lipid mobility in terms of
order parameter and correlation times, as well as local polarity at different regions of the membrane. The
results show that there are significant differences in polarity and fluidity between the three types of
investigated membranes. However, lipid oxidation products did not change the membrane properties
significantly, with the exception of truncated lipid which affected the central region of the membrane.
Lutein and zeaxanthin showed slight ordering effect on lipids in the membrane center, whereas in the
polar headgroup region their influence was different depending on the type of membranes. TUDCA
effects on membrane structural properties are still under investigation. The results show that careful
selection and choosing appropriate proportions of synthetic lipids enables one to create a good model of
natural membranes and to study their properties in well controlled conditions.
Acknowledgments: This work was supported by a grant from the National Science Centre, Poland (Grant
no 2012/05/E/NZ3/00473), AWB and AP acknowledge the Faculty of Biochemistry, Biophysics and
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Autophagy is a widely conserved mechanism in eukaryotic cells to degrade cellular substrates such as
protein aggregates, damaged mitochondria and intracellular pathogens. Furthermore, under starvation
conditions, autophagy non-specifically degrades substrates to retain a critical pool of nutrients. In
autophagy, a double-membrane cup structure, the phagophore, is formed and engulfs cargo. After
maturation and membrane closure, the outer membrane of the resulting autophagosome fuses with the
vacuole (in yeast) or lysosomal compartments (in mammals) and the inner membrane of the
autophagosome is degraded along with its cargo.
The mechanism of autophagy initiation in starvation-induced autophagy is only poorly understood. In
yeast, several vesicles containing the membrane-integral protein Atg9 presumably fuse together and
interact with the Atg1 complex. At the core of the complex is the central scaffolding subunit Atg17,
which forms a double-crescent-shaped dimer. Each monomer interacts with the regulatory subunits Atg29
and Atg31. The regulatory protein Atg13 and the kinase Atg1 form the other constituents of the Atg1
complex. Bahrami et al. [1] use a triangulated Helfrich model to demonstrate a putative function of Atg17
as a driver for the formation of the phagophore cup from membrane tubules. The peculiar shape of the
Atg17 dimer is presumed to stabilize the transition state during the membrane’s shape transition from
tubule to cup shape.
We employ atomistic and coarse-grained molecular dynamics simulations to investigate the mechanical
properties and dynamics of the Atg17 dimer with and without the subunits Atg29 and Atg31. We built a
model of Atg17-Atg29-Atg31 based on available crystal structures, added missing residues and analyzed
the mechanical properties of the models. In line with experimental evidence from transmission electron
microscopy [2], we find that the flexibility of the Atg17 dimer is reduced upon interaction with Atg31 and
Atg29, rigidifying the protein. These mechanical properties are crucial for the interaction of the protein
complex with membrane lipids and the reshaping of the membrane.
Acknowledgments: This work was supported by the Human Frontier Science Program Grant 2017.
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CD44 is an adhesion protein residing on the plasma membrane of multiple cell types. It mediates cell–cell
interactions and motility by binding to polysaccharide ligand called hyaluronan [1]. Binding of the ligand
occurs via an extracellular hyaluronan binding domain (HABD) whose ability to recognize hyaluronan is
regulated by N-glycosylation [2]. HABD houses a total of five N-glycosylation sites from which two,
N25 and N120, are particularly important in that they inhibit hyaluronan binding [2]. The molecular
mechanism of this inhibition is still largely unidentified, yet negatively-charged sialic acid saccharides are
known to play a key role in the process [3].
We use molecular dynamics simulations to show how the N-glycans can cooperatively interfere with the
known hyaluronan binding modes [4]. Provided that the N-glycan at N25 is long enough, it can interlock
with the other N-glycans, creating a saccharide shield that effectively blocks the binding site of
hyaluronan. Terminal sialic acids could be the molecular facilitators for such glycan—glycan
interlocking. Furthermore, we show that high number of sialic acids per N-glycan generates sufficient
charge repulsion to interfere with the binding of the polyanionic hyaluronan. On the other hand, our
results also imply that smaller N-glycans, lacking sialic acids, could assist the recognition of hyaluronan
through multiple polar glycan—glycan interactions. Overall, these findings may help to better understand
how N-glycosylation is used to control protein—ligand interplay in the context of biological membrane
environment.
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Fig. 1. FAM92A1 localized in the
mitochondrial matrix in close
proximity to the inner membrane,
revealed by Immuno-EM. Scale bar:
200 nm.

Fig. 2. Electron tomography of mitochondria in control and
FAM92A1 knockdown cells. Silencing of FAM92A1 resulted in
disruption of cristae architecture. Scale bars: 200 nm.

Bin-Amphiphysin-Rvs (BAR) domain proteins are central regulators of diverse cellular processes related
to membrane remodelling and dynamics, such as endocytosis, cell migration, and cell division. However,
whether BAR domain proteins are involved in sculpting membranes in particular submitochondrial
compartments has remained inadequately understood. Here we report that a novel BAR domain protein,
FAM92A1, with previously unknown cellular function localizes to the matrix side of the mitochondrial
inner membrane. Loss of FAM92A1 caused a severe disruption of the mitochondrial morphology and
dynamics, impairing mitochondrial bioenergetic functions. Strikingly, gene knockdown of FAM92A1 led
to drastic changes in cristae architecture, and FAM92A1 displayed a membrane-remodeling activity by
inducing a high degree of membrane curvature in vitro. These findings indicate that FAM92A1 is
essential for mitochondrial cristae morphogenesis, and therefore indispensable for mitochondrial function.
Collectively, our findings uncover a novel critical organizer of the mitochondrial cristae, and reveal a
pivotal role for BAR domain proteins in mitochondrial inner membrane remodeling.
Acknowledgments: This work was supported by grants from the Academy of Finland and Center of
Excellence program.
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Membrane proteins are functionally regulated by the composition of the surrounding lipid bilayer. The
late endosomal compartment is a central site for the generation of ceramide, a bioactive sphingolipid,
which regulates responses to cell stress. The molecular interactions between ceramide and late endosomal
transmembrane proteins are unknown. Here, we uncover in atomistic detail the ceramide interaction of
Lysosome Associated Protein Transmembrane 4B (LAPTM4B), implicated in ceramide-dependent cell
death and autophagy, and its functional relevance in lysosomal nutrient signaling. The ceramide-mediated
regulation of LAPTM4B depends on a sphingolipid interaction motif and an adjacent aspartate residue in
the protein’s third transmembrane (TMγ) helix. The interaction motif provides the preferred contact
points for ceramide while the neighboring membrane embedded acidic residue confers flexibility that is
subject to ceramide-induced conformational changes, reducing TM3 bending. This facilitates the
interaction between LAPTM4B and the amino acid transporter heavy chain 4F2hc, thereby controlling
mTORC signaling. These findings provide mechanistic insights into how transmembrane proteins sense
and respond to ceramide.
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Intracellular lipid droplets (LDs) are the main cellular site of metabolic energy storage and they are thus
crucially involved in lipid metabolism. Besides their metabolic functions, however, LDs also play a
central role in numerous processes, including lipotoxicity, cancer development, endoplasmic reticulum
(ER) stress, viral attack, just to name a few.
Despite the multiple functions of LDs in the cell, a basic understanding of their molecular properties is
still missing, mostly because of their unique structure: a core of esterified fatty acids and sterols
surrounded by a single monolayer of phospholipids (with sizes typically around 100 nm–
them, in essence, intracellular oil emulsions stabilized by naturally-occurring phospholipids as
surfactants.
Here we present recent results on the molecular mechanism of LD biogenesis using both existing and
newly-developed methodologies based on molecular dynamics (MD) simulations. Using these
approaches, we could identify the relevant parameters driving the spontaneous phase separation between
triglycerides and phospholipids, leading to the formation of oil lenses in the ER bilayer.
Acknowledgments: This work was supported by the Swiss National Science Foundation Grant no. 163966
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Within the presented work we will demonstrate a comparison of the majority of available tools for the
analysis of carbon-hydrogen order parameters from molecular dynamics simulations of lipid membranes.
Through the analysis of POPC simulations, we will show that most of the tools intended to work with
united-atom force fields calculate the order parameters for the double bond of unsaturated lipid tails
incorrectly. In addition to identifying these problems, we will demonstrate the correct working of a
modified version of the GROMACS analysis program g_order. Using validated methods, we will also
present a comparison of the acyl chain order parameters across seven different united-atom POPC force
fields.
In addition to the comparison and validation of analysis programs, we will also report on the splitting of
the individual order parameters at carbon 2 within the sn-2 tail of POPC. Splitting of the individual
carbon-hydrogen order parameters is an experimentally well-characterised lipid property that has yet to be
extensively analysed across different lipid force fields. We will demonstrate that many force fields, both
all-atom and united-atom, do not correctly reproduce this phenomenon. Indeed, several force fields
produce qualitatively incorrect results. We have also incorporated the calculation of the individual
carbon-hydrogen order parameters of united-atom systems within the corrected version of the g_order
program to also allow the simulation community to perform this analysis quickly and correctly.
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Clathrin-mediated endocytosis is a crucial cell biology process allowing internalization of many cellsurface proteins, and other cargo, in eukaryotes. Clathrin-coated vesicles (CCVs) are assembled with their
cargo at the plasma membrane, then transport to the early endosome inside the cell. A CCV consists of a
clathrin scaffold coating a lipid vesicle, in which the cargo is embedded, linked by adaptor proteins that
are associated with effectors of CCV assembly, stability and disassembly. Owen’s team recently
determined that a single adaptor protein AP2 is sufficient to initiate and drive clathrin-coated bud
formation on appropriate membranes, enriched in PtdIns(4,5)P2 [1,2].
In vivo, AP2 interacts solely with one leaflet of the cellular membrane. Therefore, an alternative valid
model system is to explore clathrin assembly on a flat lipid surface (in our case a Langmuir monolayer).
This allows us to probe the system with a set of state-of-the-art characterization methods typical of soft
matter and physical chemistry, including neutron reflectometry, interfacial tensiometry and rheology. We
thus have been able to analyse the first stages of CCV assembly by using cargo embedded in a lipid
monolayer [3]. We show here in particular the influence of AP2, and subsequently the clathrin scaffold,
on the composition, structure and mechanics of the complex layer that self-assembles in stages.
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RNA viruses from the family Picornaviridae are small (22-30 nm), enveloped/non-enveloped and uses
single-stranded (ss) positive-sense (+) RNA as genome (~7.5 kb). Picornaviruses are non-enveloped with
an icosahedral capsid, which includes several human pathogens viz., Polio, Hepatitis, SARS, Zika,
Dengue, etc. Viruses from this genus replication in specialized double-membrane structures (enriched in
phosphatidylinositol 4-phosphate and cholesterol) formed using host intracellular membranes that are
often referred as a Viral Replication Complexes (VRC) or Replication Organelles (ROs) within a few
hours post-infection. These ROs provide the microenvironment for efficient viral replication and protects
from the innate intracellular immunity. Available Cryo electron tomography (Cryo-ET) images present
ROs as a highly curved and multilamellar structures [1-3]. Their genome translates into a single
polyprotein that is proteolytically prosed into capsid/structural VP1-4 proteins and non-structural (NS)
proteins, which includes 2A; 2BC-2B, 2C; 3AB-3A, 3B; and 3CD-3C, 3D, both mature and stable
intermediates that are crucial for the viral life cycle [4]. Recent work from our group has structurally
elucidated that 3A proteins act as molecular harnesses to hijack the host ACBD3 protein, that interacts
with the host lipid kinase PI4KB to generate negatively charged membranes enriched in PI4P [5].
Additionally, it was also discovered that negative charge and 3B protein co-operate to recruit 3Dpol
forming the replication complex [6]. ROs formation requires several membrane anchored viral nonstructural 2B, 2C and 3A and their stable intermediates 2BC, 3AB proteins, but the major challenges in
the field is to establish the biogenesis of picornaviruses’ RO from host membranes [7]. Recent studies has
reported that the 3CD protein is a master regulator of cellular phospholipids and membrane biogenesis
[8]. Currently, over-expressed and purified recombinant Poliovirus(PV) 3A, 3AB full length wild-type
and non-dimerizing mutant proteins with membrane spanning regions are being prepared using non-ionic
dialyzable detergent (n-Octyl -D-glucopyranoside-OG) and further reconstitution into liposomes with
lipid composition 3:2:1 PC:PE:PS [9]. Also soluble domain of 2C protein without membrane anchoring
domain from Aichivirus, FMDV and Sicinivirus, which are believed to adopt a slightly different structure
compared to the published [10] and a novel oligomerization mechanism is being prepared for structural
studies. We expect to reconstruct the whole viral replication cycle “in vitro”, which will allow us to
establish how ss+RNA viruses hijack human host factors to sculpt membrane into their ROs and to better
understand its formation and the molecular mechanisms bridging virus and host.
Acknowledgments: The work was supported from European Regional Development Fund; OP RDE; Project:
"IOCB Mobility" (No. CZ.02.2.69/0.0/0.0/16_027/0008477).
References
[1]
G. A. Belov et al., J. Virol., 88(17), 9478–9489 (2014).
[2]
C. Harak et al., Virology, 479–480, 18–433 (2015).
[3]
J. R. Strating et al., Curr. Opin. Cell Biol., 47, 24–33 (2017).
[4]
R. Zell et al., J. Gen. Virol., 98, 2421–2422 (2017).
[5]
K. Klima et al., Structure, 25, 219–230 (2017).
[6]
A. Dubankova et al., Sci. Rep., 7(1), 17309 (2017).
[7]
E. D. Rossignol et al., Viruses, 7(10), 5305–5318 (2015).
[8]
S. Banerjee et al., PLoS Pathogen, 14(5), e1007086 (2018).
[9]
J. Wang et al., J. Biol. Chem., 288(38), 27287–98 (2013).
[10]
H. Guan et al., Sci. Adv., 3(4), e1602573 (2017).

140

B92
Proton Translocation Mechanism in Mitochondrial ATP Synthase
X. Prasanna1, W. Kulig1,2, B. Battersby3, I. Vattulainen1,2
1

University of Helsinki, P.O. Box 64, 00014 Helsinki, Finland
Tampere University of Technology, P.O. Box 692, 33101 Tampere, Finland
3
Institute of Biotechnology, University of Helsinki, 00790 Helsinki, Finland
e-mail: ilpo.vattulainen@helsinki.fi

2

In eukaryotes, production of adenosine triphosphate (ATP) is carried out by a multi-subunit protein
complex called ATP synthase at the mitochondria [1]. Mitochondrial ATP synthase (mATP synthase), or
complex V, consists of two functional domains: F1 subdomain in the mitochondrial matrix which is
connected by a stalk to F0 subdomain in the inner mitochondrial membrane. These subdomains are, in
turn, composed of multiple subunits [1]. mATP synthase uses a rotor mechanism to generate ATP, which
is driven by the proton motive force generated across the mitochondrial transmembrane region [1]. There
are several mechanisms proposed, based on the recently resolved cryo-electron microscopy structure of
ATP synthase, for the coupling of rotor movement of the F0 subdomain to the generation of ATP from
adenosine diphosphate (ATP) and inorganic phosphate (Pi) at the F1 subdomain [2,3]. However the exact
details of this process is largely unresolved.
Proton transfer in biological systems is largely mediated by a tunneling mechanism through a channel of
hydrogen bonded water molecules [4]. By investigating water dynamics across the mATP synthase, we
have tried to identify a possible channel for proton translocation from the periplasmic to the cytoplasmic
site. Our preliminary results suggest support the existence of two incomplete water channels in the F0
domain. One of these water channel originates from the periplasmic site and extends to the interface
between subunit c and subunit a of mATP synthase. The other water channel has an offsite origin from
another protomer of subunit c and opens out into the cytoplasmic space. Our results provide a molecular
insight into the possible mechanism for proton translocation through mATP synthase. Furthermore we
have also tried to investigate the effect of clinically relevant pathological mutations in subunit a [5] on the
proton translocation mechanism.
References
[1]
J. E. Walker, Biochem. Soc. Trans., 41, 1–16 (2013).
[2]
W. C. Y. Lau and J. L. Rubinstein, Nature, 481, 214–218 (2012).
[3]
A. Zhou, A. Rohou, D. G. Schep, J. V. Bason, M. G. Montgomery, J. E. Walker, N. Grigorieff,
and J. L. Rubinstein, eLife, 4, e10180 (2015).
[4]
R. R. Sadeghi and H-P. Cheng, J. Chem. Phys., 111, 2086–2094 (1999).
[5]
A. I. Jonckheere, J. A. M. Smeitinik, and R. J. T. Rodenberg, J. Inherit. Metab. Dis., 35,
211–225 (2012).

141

B93
Well Studied, Still Not Fully Understood: How Does Akt Specifically Sense
the Lipid Second Messenger PI(3,4,5)P3?
1

H. Hornegger1, T. A. Leonard1,2

Department of Structural and Computational Biology, Max F. Perutz Laboratories (MFPL), Campus Vienna
Biocenter 5, 1030 Vienna, Austria
2
Department of Medical Biochemistry, Medical University of Vienna, 1090 Vienna, Austria
e-mail: harald.hornegger@gmail.com

The serine/threonine protein kinase Akt (also known as Protein Kinase B) plays a central role as a signal
transducer in several pathways concerning metabolism, proliferation, cell growth and migration [1]. A
plethora of publications demonstrate that mutations of Akt itself or major regulators in the PI3 Kinase/Akt
pathway occur in a significant number of different types of human cancer highlighting Akt1 as a potential
target of cancer therapy.
Akt regulation is facilitated by the lipid second messengers phosphatidylinositol-3,4,5-trisphosphate
[PI(3,4,5)P3] and phosphatidylinositol-3,4-bisphosphate [PI(3,4)P2]: Binding of the PH domain to PIP3
leads to the activation of Akt by phosphorylation of T308 in the activation loop via PDK1 and S473 in the
hydrophobic motif via mTORC2 [1]. Although intensively investigated over many years, the definitive
mechanism governing Akt activation in the cell, spanning from the required steps for its activation to the
localization of the active kinase as well as its inactivation, are still under debate. We propose a model in
which Akt is activated upon PIP3 binding at the plasma membrane by adopting a so called “PH-out”
conformation in which the two phosphorylation sites (T308, S473) are accessible. Dissociation from PIP 3
leads to a conformational change (“PH-in”) in which the PH domain inhibits the kinase domain, exposes
the regulatory residues to phosphatases (PP2A and PHLPP) and thus ultimately inactivates Akt [2].
Several questions arise from this model: Is the PIP3 binding facilitated by conformational selection of the
small fraction of cytosolic Akt in “PH-out” conformation or does PIP3 encounter induce the
conformational change? How does Akt distinguish between PIP3 and PIP2 (phosphatidylinositol-3,4bisphosphate) which does not increase its kinase activity [3]? How does Akt sequester its regulatory
motifs (activation loop, hydrophobic motif) in the autoinhibited (“PH-in”) state?
The atomic resolution of a full length, autoinhibited Akt is expected to shed some light on these
questions. However, possibly due to the dynamic nature of the protein and its regulatory loops, no
structure of full length Akt in a physiological conformation has been determined to date. To tackle this
challenge, we decided to take advantage of a promising approach which has already demonstrated its
potential in several noteworthy publications: camelid single chain nanobodies. In collaboration with the
Steyaert Lab in Brussels, we have generated a set of nanobodies which we are now screening for
conformation-specific nanobodies that locks Akt in its closed, autoinhibited conformation and may
additionally facilitate crystallization by promoting lattice contacts.
The structure of full length Akt is expected to inform us about the nature of the autoinhibitory interface,
how the regulatory phosphorylation sites are sequestered in the autoinhibited conformation, and provide
the starting point for molecular dynamics simulations to probe how Akt both senses membrane-embedded
PIP3 and how binding triggers the conformational changes required for its activation by PDK1 and
mTORC2.
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The maintenance of genome stability, genome expression and its inheritance are among the main
functions of the eukaryotic nucleus. In order to fulfil these functions, nucleus shows unique, functionally
compartmentalized architecture. The formation of phase boundaries in nuclear environment has been
shown to contribute to spatial compartmentalization. The phase separation of diverse types of multivalent
molecules (typically proteins and non-coding RNA) enables formation of various structures, possibly also
Nuclear Lipid Islets (NLIs), which we have recently identified [1]. We found that these ~100nm
submicroscopic novel nuclear structures have lipidic interior and Phosphatidylinositol 4,5 bisphosphate
(PIP2) at their surface. Further we showed that NLIs play a key role in RNA Polymerase II transcription.
NLIs periphery is associated with Pol II transcription machinery and transcription factors e.g. Nuclear
Myosin 1 (NM1). RNA Polymerase II transcription is dependent on NLIs integrity which is maintained
by RNA. We hypothesize that NLIs serve as a structural platform which facilitates the formation of RNA
Polymerase II transcription factories, thus participating in the formation of nuclear architecture competent
for transcription. Our aim is to describe the precise mechanism by which RNA Polymerase II complex is
regulated on the surface of NLIs.
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G protein-coupled receptors (GPCRs) are the largest family of integral membrane proteins and a major
class of drug targets. Membranes are known to have modulatory effects on GPCRs via specific lipid
interactions. For example, lipid headgroup types are shown to have a direct impact on GPCR ligand
recognition and activation [1]. Our recent native mass spectrometry measurements revealed that specific
lipid interactions, in particular PIP2 interactions at the intracellular rim of the protein, play a critical roles
in GPCR signalling e.g. by enhancing GPCR-G protein association [2]. Molecular dynamics simulations
have proved to be a powerful tool to provide structural insights into such interactions. Several recent
simulation studies showed the cholesterol binding sites on the surface or within the helical bundle of
GPCRs [3,4]. By using coarse-grained simulations with in vivo-mimetic membranes, we provided
dynamic structural insights into regulation mechanisms of lipid interaction with Adenosine A2a receptor
in a physiologically relevant environment [5]. Three conformational states of the receptor, i.e. the inactive
state, the active state, and the active state with a mini-GS protein bound were simulated to study the
impact of protein-lipid interactions on the receptor activation. The simulations revealed three specific
lipids (GM3, cholesterol and PIP2) that form stable and preferential interactions with the receptor,
differentiating these from ‘bulk’ lipids such as PS, PE and PC. In total, nine specific lipid-binding sites
were revealed. The strength of lipid interaction with these sites depends on the conformational state of the
receptor, suggesting that these lipids may regulate the conformational dynamics of the receptor. In
particular, we revealed a dual role of PIP2 in promoting A2aR activation, which involves stabilization of
both the characteristic outward tilt of helix TM6 within receptor and also the association of A2aR and
mini-Gs when the activated complex forms. Structural comparisons suggested that PIP2 may facilitate Gα
activation. Our results reveal likely allosteric effects of bound lipids in regulating the functional
behaviour of GPCRs, providing a springboard for design of allosteric modulators of these biomedically
important receptors.
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Epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase (RTK), which plays an important
role for mediation of cell signaling, proliferation and differentiation. It is also well-studied as a target for
anti-cancer drugs. Recent studies suggested that the activation was regulated by ganglioside GMγ due to
the presence of membrane proximal lysine under Lo/Ld phase-separated membrane conditions [1].
However, details of the molecular assembly of EGFR transmembrane domain (TMD) with GMγ remain
largely unknown. Therefore, we synthesized EGFR-TMD with a fluorescence group to construct an in
vitro system for defining a direct interaction to GMγ.
Natural-type EGFR-TMD peptide was efficiently prepared by solid phase peptide synthesis. C-terminus
arginines were mutated to serines to avoid artificial electrostatic interactions between the extracellular
lipid head group and the basic endodomain in cytosol because of the symmetry of the reconstituted
bilayer membrane. The fluorescence dye was conjugated at the N-terminal of the peptide, and then the
synthetic peptide was purified by an optimized HPLC condition.
The partition of EGFR-TMD peptide was confirmed by the fluorescence microscopy through
reconstitution into Lo/Ld phase-separated giant unilamellar vesicles (GUVs). Dimer formation of EGFRTMD in liposomes (LUV) was estimated from fluorescence quenching caused by a close vicinity of the
fluorophores in the peptide. As a result, the quenching was significantly suppressed in the presence of
GM3, while the effect was weaker for a K642A mutant. This result demonstrates that dimerization (or
oligomerization) of EGFR was likely suppressed through the electrostatic interaction with GM3. We are
also investigating diffusion of the peptide by fluorescence recovery after photobleaching (FRAP).
Acknowledgmentsμ This work was supported by the International Joint Research Promotion Program in Osaka
University.
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The transport of proteins across or into membranes is a vital biological process, achieved in every cell by
the conserved Sec machinery. In bacteria, SecYEG combines with the SecA motor protein for secretion of
preproteins across the plasma membrane, powered by ATP hydrolysis and the transmembrane protonmotive force (PMF). The activities of SecYEG and SecA are modulated by membrane lipids, particularly
cardiolipin (CL), a specialized phospholipid known to associate with a range of energy-transducing
machines.
We have built on previous work from the Collinson lab [1], and identified two specific CL binding sites
on the Thermotoga maritima SecA–SecYEG complex, through application of coarse-grained molecular
dynamics (CGMD) simulations, using the MARTINI force field [2]. We then validated the computational
data and demonstrated the conserved nature of the binding sites using in vitro mutagenesis, native mass
spectrometry, biochemical analysis, and fluorescence spectroscopy of Escherichia coli SecYEG.
The results show that the two identified sites account for the preponderance of functional CL binding to
SecYEG, and mediate its roles in ATPase and protein transport activity [3]. In addition, we demonstrate
an important role for CL in the conferral of PMF stimulation of protein transport. The apparent transient
nature of the CL interaction might facilitate proton exchange with the Sec machinery, and thereby
stimulate protein transport, by a hitherto unexplored mechanism. Together, the work demonstrates the
power of coupling the high predictive ability of coarse-grained simulation with experimental analyses,
toward investigation of both the nature and functional implications of protein–lipid interactions.
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Cells interact with the environment through plasma membranes. Because of their complexity simpler lipid
bilayers are use as models to study their properties. An important component which modulates plasma
membranes is the calcium ion which is for example involved in a number of processes, such as
neurotransmitter release and membrane fusion. Calcium is also known to modulate the physical properties
of plasma membranes and to accelerate the process of membrane fusion. Previous research suggests that
calcium binds more strongly to positively curved bilayers than to flat ones.
We build on this finding and extend the investigations by using an improved lipid force field for POPC in
our simulations. Using this ECC-POPC force filed[1], which provides a better description of ion-lipid
interaction, we characterize the influence that the lipid bilayer shape has on the binding of the calcium
ions to the bilayer. To describe the way calcium binds to the bilayer, we first carry out molecular
dynamics simulations of flat POPC bilayers at different calcium concentrations and analyze the calcium
density distributions in a manner which can be extended to curved systems. After adequately describing
the flat bilayer system, we apply the same methodology to bilayers of varying curvatures. We also
compare the results of this approach to the calcium density profiles calculated using the instantaneous
liquid interface approach. The results of this project will allow us to comment on the mechanisms the
cells use to regulate calcium concentration related to curvature of the membrane.
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Cell membranes are critical for life as they enable cells to communicate with the environment [1].
Phosphatidilcholines together with cholesterol are the most abundant type of lipids in membranes. For
this reason, they are often used to model biological membranes both in experiments and in simulations
[2]. One aspect of keen interest to us regarding membranes is the interaction of cations with
phospholipids which is of extraordinary physiological relevance. To study such processes using
computational methods, we require models which accurately describe binding affinities. The accuracy of
binding affinities can be measured by validating computational data of the binding against NMR
experiments utilizing electrometer concept [3]. After testing, a number of force-fields it was observed that
none of them achieved quantitative and often qualitative agreement with experimental values [3]. We
believe that the source of such discrepancy arises for the lack of electronic polarizability in classical
molecular models. Interestingly, a mean field correction that accounts for the missing electronic
polarizability, named electronic continuum correction (ECC), can be readily applied to biomolecules [4].
During the past years, we have systematically applied ECC to ions [5] and recently to lipids which led to
significant improvement of binding affinities of cations to POPC membranes [6].
In this work, we check thoroughly the performance of some structural properties of our modified POPC
force field. We extend our approach to another phosphatidylcholine moiety, i.e., DPPC. Finally, we
consider the effect of cholesterol when using these lipids. Our preliminary results, show promising
agreement with NMR and scattering experiments. Still, we also find that some reported differences using
NMR between DPPC and POPC membranes when binding to cations are not reproduced by our force
fields, calling for further refinements.
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Fig. 1. (a) A small molecule described at the coarse-grained level is representative of a large number of
compounds, effectively reducing the size of chemical space [1]. (b) Simulation setup of a small molecule
passively translocating across a lipid bilayer. Water is not shown for clarity.
In an in silico search for structure-property relationships, the extensive computational resources
required by atomistic molecular dynamics simulations renders a thorough exploration of chemical
compound space unfeasible. This issue can be efficiently addressed by relying on coarse-grained models,
which provide a means to mitigate the computational expense while still capturing the relevant physical
properties of the system under investigation. In this work, we introduce a high-throughput screening of
chemical compound space by means of coarse-grained molecular dynamics simulations of the Martini
force field, and apply it to the determination of the insertion thermodynamics of an ensemble of small
molecules in a phospholipid bilayer environment [1]. We employ a novel importance sampling technique
in coarse-grained compound space, akin to the more traditional sampling of conformational space used in
computational physics. The study allows us to define a smooth permeability surface as a function of two
molecular properties: pKa in water and a bulk organic/aqueous partitioning free energy. Moreover, we
show that Martini, as a chemically transferable coarse-grained model, yields a significant reduction in the
size of chemical space. This makes our findings representative of the behavior of a set of more than
500,000 chemically different small molecules in a lipid bilayer system, resulting in a more detailed
understanding of the underlying structure-property relationships between drug chemistry and passivepermeation thermodynamics.
Acknowledgments: We acknowledge funding from the Emmy Noether program of the Deutsche
Forschungsgeminschaft (DFG).
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The rich structural complexity of biomembranes arises from the chemical diversity of its constituents. Differential
inter and intra-molecular interactions result in preferential segregation and clustering of certain types of lipids and
proteins, giving rise to a variety of lateral organization on the membrane surface. Recently, Lyman’s group at
Delaware carried out multiple long timescales all-atom (AA) simulations with carefully chosen lipid compositions
to reproduce a variety of phases [1-2]. Our focus is on the systems that exhibit liquid-ordered and liquid-disordered
(Lo/Ld) co-existence. The three systems with their fractional compositions are (i) PSM/POPC/Chol
(0.47/0.32/0.21) (ii) PSM/DOPC/Chol (0.43/0.38/0.19) (iii) DPPC/DOPC/Chol (0.37/0.36/0.27). These systems
have very different molecular-level substructures and unique Lo/Ld interface boundaries. In this work, we explore
the molecular-origin of this variety in organization using tools from simple statistical mechanics theories.
We use a simplistic lattice model for lipid mixtures and evolve it using Monte Carlo algorithm to recapitulate the
lateral organization in the above-mentioned AA systems. Lipids types are modeled with different interaction
potentials. Compositions of lipids are varied to sample different regions of the ternary phase diagram. In addition,
we capture the effects of linactant species by modeling them as Janus particles [3]. The final configurations of the
evolved states from the lattice model are mapped to AA equilibrium configurations [4,5]. The free energy
difference of membrane organization for each of these systems is calculated using Wang-Landau sampling [6]. The
qualitative free energy difference information for the three systems help us in understanding the molecularinteractions and the thermodynamics that drive the multitude of lateral organization in the plasma membranes.
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Zinc is a trace, but essential microelement, recruited by numerous enzymes and involved in many cellular
reactions. Therefore a number of transporters evolved that regulate zinc uptake and remove the excess of
it. In Enterobacteriaceae, several membrane transporters are involved in zinc homeostasis and linked
to virulence. ZntB has been proposed to play a role in the export of zinc [1], but the transport
mechanism of ZntB is poorly understood and based only on experimental characterization of its distant
homologue CorA magnesium channel [2]. Here, we report the cryo-electron microscopy structure of
full-length ZntB from Escherichia coli together with the results of isothermal titration calorimetry, and
radio-ligand uptake and fluorescent transport assays on ZntB reconstituted into liposomes [3]. Our
results show that ZntB mediates Zn 2+ uptake, stimulated by a pH gradient across the membrane, using
a transport mechanism that does not resemble the one proposed for homologous CorA channels. We’ll
also present our recent unpublished data with several point mutations, crucial for proton -coupled
mechanism.
This research was supported by HFSP fellowship (LTF000087/2015-L) to C.G. and NWO Vidi grant
723.014.002 to A.G.
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The use on non-viral vectors for in vivo gene therapy could drastically increase safety, whilst reducing the
cost of preparing the vectors. However, the transfection rate of non-viral vectors are low compared to
their viral counterpart. A promising approach to non-viral vectors makes use of DNA/cationic liposome
complexes to deliver its genetic material (lipoplexes). For such lipoplexes it is of utmost importance to
escape the endosome before their genetic material gets degraded in the lysosome. Even though we know
that some of these vectors perform better in this aspect than others, the details on how genetic material
escapes the lipoplex and endosome are poorly understood. In this research we show how to build coarse
grain molecular dynamics models for lipoplexes using the Martini force field, and use these models to
perform fusion experiments at molecular detail. Our fusion experiments show that there are two
kinetically distinct methods of fusion: direct and indirect fusion. Direct fusion shows efficient release of
genetic material shortly after the initial fusion stalk is formed. Indirect fusion gets trapped at a well
defined intermediate state. We also show that target membrane thickness, shape, unsaturation and phase
separation, as well as the size and shape of the lipoplex, have a significant effect on the dominant fusion
pathway. Since we designed our methods such, that they are easily expandable to other lipoplex
formulations, we hope to stimulate a more rational design of these type of vectors. Paving the way to a
safe and affordable clinical utilization of gene therapy.
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It has long been appreciated that cell membranes are heterogeneous on length-scales relevant to the
protein and lipid interactions that comprise biochemical networks at the cell surface. Lipid bilayer
membranes, including plasma membranes isolated from mammalian cells, are capable of separating into
distinct liquid phases. It is proposed that fluctuations associated with these phases comprise one mode of
protein organization at the cell surface. Recent work from the Veatch group has shown that several
peptide markers of ordered phases in isolated giant plasma membrane vesicles (GPMVs) are also
enriched in B cell receptor (BCR) clusters in living B lymphocytes imaged using super-resolution
localization microscopy [1]. Meanwhile, efforts in the Levental group have quantified the partitioning of
a broad assortment of membrane anchored peptides between liquid-ordered and liquid-disordered phases
in isolated GPMVs [2]. Here, we join forces to quantify the correspondence between peptide partitioning
with respect to membrane phases in GPMVs and BCR clusters in intact cells. To date, we observe a
remarkable qualitative correspondence when comparing the behavior of a small panel of distinct peptides
probed in each system: peptides which favor the liquid-ordered phase in GPMVs are enriched in BCR
clusters, while peptides that prefer the liquid-disordered phase in GPMVs are depleted from BCR
clusters. Ongoing work is expanding to include additional peptides in both systems. Overall, our studies
demonstrate a correspondence between phases in GPMVs and phase-like domains surrounding BCR
clusters in intact cells. This work extends our previous efforts to describe the local membrane
environment that is the context for BCR signalling and suggests that partitioning in GPMVs is a valuable
experimental tool for predicting domain composition in intact cellular membranes.
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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, but after PKC inhibitory drugs failed to show positive results, it was discovered, that PKC
associated cancer activity is in fact associated with loss-of-function mutations in PKC, and therefore PKC
could actually be a tumor suppressor [4]. The PKC enzyme has a role in controlling learning and memory
as well - its activation is 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 be
used as drugs for it as well [5].
In a study by Boije af Gennäs & Talman et al. several potential drug molecules to target PKC in the
aforementioned way were tested. These drugs are designed to be partial agonists since too strong
activation leads to PKC being vulnerable to loss of function [4]. Three particularly promising drug
molecules showed similar binding affinities in vitro, but their potency varied in vivo [2]. This behavior is
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 membrane that binds PKC and
DAG is of importance and improved efficacy in PKC targeted drugs can be achieved, if the developed
drug not only binds to the C1 domain well, but also mimics the orientation of the DAG headgroup at the
membrane surface. Properly therapeutically activating of PKC would thus be a combination of the drug
mimicking DAG in both binding and orientation.
We are currently studying the mentioned three drug and DAG molecules in physiological membrane
environment using molecular dynamics simulations and in the process of comparing their interactions and
orientation to each other. The information gained here will give good guidelines how to better target PKC
in the molecular level.
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Sensors and other analytical devices incorporating molecular lipid films are highly versatile, due to the
many possibilities for incorporation and conjugation of sensing components. Controlled and efficient area
coverage of the sensor surface by a lipid film is particularly important, and dependent on lipid
compositions, interface structure and the conditions in the local liquid environment. To investigate the
conditions in detail, we employ a microfluidic pipette in a «lab on a membrane» to form planar lipid films
of different compositions on a variety of solid engineering substrates, and observe the process of
membrane formation with a laser scanning confocal microscope. The formation of films occurs as a result
of adhesion and rupturing of small unilamellar vesicles (SUVs) in the circulation zone of the pipette upon
contact with the surface, leading to an homogenous fluid lipid membrane patch. Mono- or bilayer films
are formed, depending on the substrate material. We perform Fluorescence Recovery after
Photobleaching (FRAP) to determine the fluidity of the films on the solid supports, and calculate the
diffusion constants. The investigation comprises hard and soft materials substrates typically used in
biointerface development: Au, borosilicate glass, SiO2, quartz, Si3N4, SiC, SU-8, graphene and TeflonAF. The results show an enhanced formation of membranes on nearly all surfaces from precursor vesicles
containing the transfection lipid DOTAP. The diffusion constants of the lipids in the deposited films
display variations, which we attribute to differences in friction between the fluid molecular films and the
surfaces, arising from both electrostatic and hydrophilic/phobic interactions.
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