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The role of the plasma cell membrane goes far beyond protecting the integrity of the cell interior and 
separating it from the extracellular space. Its complex structure (consisting of a plethora of lipids, 
proteins, and other molecules) allows the cell to communicate with the exterior and is also the site of 
key cellular regulatory processes1,2. In order to gain insight into these processes and potentially 
influence them therapeutically, an atomistic understanding is imperative. To this end, model 
membranes are often employed in the study of cellular structures and processes. This reductionist 
approach is strong in principle, however, close attention needs to be paid to avoid oversimplification 
and issues connected with lack of potentially critical components. Synthetic bilayers of few components 
are typically used to characterise fundamental properties of lipid membranes in vitro and in silico3,4 and 
the effect of cytosolic or extracellular ions is investigated on even simpler model membranes5,6. 
Moreover, simple model membranes are also used to disentangle different environmental effects on 
proteins and their impact on the surrounding membranes7,8. These studies provide valuable information 
on particular aspects important for cell membrane processes, nevertheless, time is ripe for a more 
challenging combinatory approach. It is thus imperative to understand how the interplay between 
membranes with complex lipid composition and topology, and the regulatory effects of ions 
modulate the action of membrane proteins and other membrane processes. Gaining and 
exploiting such understanding is the principal aim of this proposal, which directly combines 
experimental approaches based primarily on fluorescence techniques with computer modelling 
to elucidate the mechanisms of membrane-associated processes at the molecular level. 

Components of plasma membranes, as well as of membranes of cellular organelles, are non-randomly 
distributed and can accumulate in diverse membrane structures2,10,11. The composition and lateral 
organisation of lipid bilayers, e.g., the presence of dynamic lipid aggregates or nanodomains, can provide 
selective environments for accumulation and segregation of proteins. There has been a vivid discussion 
in the literature concerning the sizes and lifetimes of such lipid domains, with the emergence of a picture 
of rather dynamic, nanoscopic aggregates2,12,13. The function of membrane proteins was shown to be 
influenced by lateral interactions with lipids and the surrounding environment14. Moreover, protein 
incorporation and localisation in membranes is affected by its surface roughness and overall geometry 
of its transmembrane segments, post-translational modifications such as acylation and prenylation, as 
well as the presence of basic-rich motifs in its cytosolic tails2,15,16. A hitherto unexplored fact is that lipid 
aggregates or domains introduce extensive regions of boundaries that have the potential for selective 
accumulation of proteins. We will explore the hypothesis that proteins with lateral asymmetry of their 
transmembrane segments prefer to be located at domain boundaries and that this process may be 
regulated via reversible post-translational modifications of proteins (e.g. via S-acylation), membrane 
curvature, and the presence of calcium ions. Our study will unravel the mechanism of accumulation 
of integral membrane proteins at these boundaries or clusters of negatively charged lipids, 
establishing also the effects of bilayer curvature and protein modifications (e.g., palmitoylation) 
together with the capacity of calcium ions to regulate these processes.  

The surfaces of intracellular membranes and of the inner leaflet of the plasma membrane are 
negatively charged. Thus, they can repel soluble proteins with net-negative charge (e.g. calmodulin – 
CaM), while attracting cations and proteins containing positively charged basic-rich motifs16,17. Ions 
(such as calcium) also interact with membranes and proteins to adjust their surface charge16,18. Calcium 
neutralizes CaM enabling its association with membranes19,20. Moreover, it mediates the release of 
positively charged proteins or protein segments from membranes, which stimulates intermolecular 
interactions16. A prominent example of a complex calcium impact was described for tyrosine-protein 
kinase (ITK)17. For the membrane adenosine A2A receptor, which interacts with CaM using its cationic 
TM8 chain that lies hidden on the membrane21, one anticipates a similar complex behaviour promoting 
the interaction with CaM. In both cases, protein function is apparently regulated by the balance of 
interactions between the protein, calcium, CaM, and the membrane. Furthermore, this balance is likely 
to be sensitive to the local environment such as the presence of additional ions and structural and 
dynamic properties of the lipid bilayer. This complexity opens fascinating possibilities for biological 
regulation. So far, many of these interactions have been studied separately16,20,22,23 as their complexity 
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is a challenge for more holistic experimental investigations. We plan to fill this gap of knowledge by 
unravelling the simultaneous interactions of lipids, CaM, A2A or ITK, and calcium ions in experiments 
and simulations with molecular resolution, aiming to understand how the crosstalk between 
calcium and CaM works in combination with lipid membranes to regulate these signalling 
proteins.  

Vesicle-membrane fission and fusion represent membrane-membrane interactions that are also 
strongly influenced by calcium and the presence of proteins. Typically, as studied intensely in the past, 
these processes are regulated by proteins (e.g. by the SNARE protein complex24-27). However, vesicle-
membrane fusion can also occur spontaneously. It is known that vesicle-membrane fusion can be 
induced by calcium and fusogenic peptides, and modulated by membrane features. However, the 
mechanistic and regulatory details of these fusion processes are not understood. Membrane 
composition, curvature, and lipid domain boundaries are exploited by cells to promote fusion involving 
diverse types of vesicular structures. In this context, recent studies on budding of the influenza virus28,29 
and fusion of HIV viral particles with cell membranes30,31 emphasise the importance of such membrane 
features in dynamic membrane-membrane interactions. In studying membrane fusion by concurrently 
employing complex membranes, calcium, or fusogenic peptides, we aim to reach a detailed molecular 
level of understanding of the mechanisms of regulation of calcium-induced vesicle fusion, in 
order to establish the molecular mechanism of passive cell entry by fusogenic cationic peptides 
and to determine whether the two processes have a common mechanistic denominator.  

 

Work Package #1. Transmembrane Proteins at the Boundaries of Lipid Domains 

The physiological importance of the boundaries of membrane domains has been highlighted by the 
recent discovery of their role in the viral life cycle30,31. Boundaries are membrane regions formed 
between two physically distinct membrane environments32,33, e.g., a lipid domain and the surrounding 
(“bulk”) membrane. Current studies indicate that cellular membranes are densely populated with small 
domains34-37. Therefore, boundaries can represent a significant proportion of cellular membranes. 
Due to their intermediate character, in between the interior and exterior of a membrane domain, 
boundaries exhibit a potential for molecular sorting as well as for intermolecular interactions 
that can regulate membrane-associated processes in cells. Indeed, membrane boundaries were 
found to enhance membrane fission and, under certain circumstances, accumulate signalling 
proteins38,39. Currently, there is no information regarding the mechanism and regulation of the 
accumulation of integral membrane proteins at boundaries. The different bilayer properties of a domain 
and the bulk membrane often lead to a detectable curvature at their boundary38. It was shown that 
specific lipids and proteins partition preferentially into membranes of higher curvature40,41. However, 
whether proteins can accumulate at the topological and phase boundaries found in membranes is 
unknown. Moreover, membrane properties are influenced by calcium18 (see WP2), however, its impact 
on domain boundaries and localisation of proteins has not been characterised yet. 

Palmitoylated proteins represent ~30% of the human proteome. Palmitoylation is a reversible post-
translational lipid modification of membrane proteins that influences their function. The exact role of 
protein palmitoylation is still unclear but its effects on protein conformation, protein-protein 
interactions, interference with other post-translational modifications (e.g. protein ubiquitinylation), and 
protein partitioning to specific domains (e.g. lipid rafts) were postulated15. The latter effect was 
proposed for integral proteins but their localisation in more ordered membranes was demonstrated 
only under strongly non-physiological conditions42. Additionally, transmembrane peptides (TMP) were 
found in disordered areas of phase-separated lipid membranes, independent of their palmitoylation 
state43. We have previously shown that the rough surface of helical TMPs causes trapping of lipid acyl 
chains and segregation of cholesterol8. Thus, these peptides prefer highly disordered environments with 
unsaturated lipids in the annulus of the TMP44.Transmembrane proteins are palmitoylated at cysteines 
proximal to the membrane and often only one side of the transmembrane segment is modified. This 
leads to an amphipathic character of these segments and such property might drive palmitoylated 
proteins to accumulate at the boundary between two different environments, e.g., between more 
ordered and more disordered membranes. Our aim is to determine whether palmitoylation drives 
proteins to accumulate at the boundaries of domains, what are determining factors of such 
accumulation, and whether this affects the interaction of these proteins with other membrane 
molecules.  
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Formulation of the research questions: 

The distinct roles of membrane domains, curvature, and protein palmitoylation for cellular processes 
are crucial in many aspects. The following aspects will be investigated in order to understand how these 
factors work in concert: 1) Do transmembrane proteins accumulate at the boundaries of domains? 2) 
How do different domain characteristics influence accumulation of proteins at their boundaries? 3) Does 
membrane curvature regulate accumulation of proteins at boundaries? 4) Is this process regulated by 
reversible palmitoylation of proteins? 5) Does accumulation of proteins at boundaries influence their 
interactions with other membrane molecules? 6) Do calcium ions modulate the presence of proteins at 
the domain boundaries? 

Resolving these questions will test our hypothesis that reversible protein palmitoylation is of key 
importance for the dynamic accumulation of proteins at membrane domain boundaries, and that this 
process is influenced by calcium and membrane curvature. We will examine whether this phenomenon 
is further regulated by interactions of basic-rich protein motifs with anionic lipids (WP2) and whether 
it may lead to passive membrane fusion (WP3).  

How to approach the questions? 

We will test our hypothesis using model membranes 
composed of different lipid mixtures (Table 1), TMPs 
with and without palmitoylated cysteines (Table 2) 
using a panel of fluorescence techniques accompanied 
by molecular dynamics simulations. We will employ 
SPB, LUV and GUV (Supported Planar Bilayers, Large 
Unilamellar Vesicles and Giant Unilamellar vesicles, 
respectively) as synthetic model membranes. These will 
contain coexisting mesoscopic lipid phases (liquid 
disordered and liquid-ordered)30,38 or nanodomains 
(e.g. bSM:POPC:Chol)45. The controlled variation of 
membrane composition will allow investigation of the 
impact of varying membrane thickness on peptide 
accumulation at the boundary30. Moreover, we will 
investigate complex lipid mixtures of biological lipid 
extracts46,47 and membranes with clustered 
phosphoinositides (PIPs) to study the influence of 
anionic lipids (Table1)48. 

TMPs derived from natively palmitoylated proteins 
CD4 and PAG (Table 2) will be purified in collaboration 
with Dr. Kvido Strisovsky (IOCB, Prague. Letter of 
support available) using their established protocol that employs fusion of the peptide with tagged 
ketosteroid isomerase for expression and purification. The peptide is then released by CNBr cleavage of 
the sole methionine residue of the fusion protein (Table 2). Non-palmitoylated peptides were designed 
with cysteines replaced by serines to avoid uncontrolled oligomerisation. Palmitoylation will be 
performed using standard reaction of peptides with palmitate-CoA and HPLC purification43. Both, single 
and double-palmitoylated variants will be tested (Table 2). Fluorescently-labelled peptides will be 
prepared by preferential reaction of NHS-dyes with tetra-lysine or by a click chemistry approach49,50). 
Synthetic LAT-derived peptides will be purchased. For experiments with a long version of CD4 (Table 
2), which includes the transmembrane domain and the cytoplasmic tail, the protein will be expressed 
and purified as described earlier9.  

We expect two possible scenarios – palmitoylated peptides will either accumulate at the boundaries 
of domains or will appear to be distributed evenly in tested membranes. The latter would be caused by 
the inability of peptides to sense the structural differences between domains (i.e. the borders), which 
might be due to, e.g., low stability and/or size of domains. In this case we will stabilise/coalesce the 
domains by inducing membrane curvature, as intense phase separation has been observed in highly 
curved membranes. We will employ two methods to generate membranes with high curvature: 1) 
Micropipette-assisted system40,41 (Fig. 1), where bulk and domain lipid bilayer properties can be 
controlled by the applied force, and dynamics of the system can be followed by induction of transient 

Table 1. Examples of membrane lipid 
compositions used in WP1. 

Lipid mixture Ratio 

Mesoscopic lipid phase separation 

PSM:DOPC:Chol 2:6:2 
PSM:DOPC:Chol 4:4:2 
DMPC:DOPC:Chol 3:5:2 
DPPC:DOPC:Chol 3:5:2 
DSPC:DOPC:Chol 3:5:2 
di-PC20:0:DOPC:Chol 3:5:2 

 No mesoscopic domains  

bSM:POPC:Chol 1:7:2 
Brain Extract + 20mol% Chol – 
Brain Extract w/o Chol – 

Membranes with PI(4,5)P2 clusters 

PI(4,5)P2:POPC:PSM:Chol 1:7:0:2 
PI(4,5)P2:POPC:PSM:Chol 0.1:10:0:0 
PI(4,5)P2:POPC:PSM:Chol 0.1:8:0:2 
PI(4,5)P2:POPC:PSM:Chol 0.1:4:2:2 
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membrane tubulation16,38,40. 2) Using nanoparticles (> 25 nm) deposited on a support for creating SPBs 
with curvature (Fig. 1)51,52, where stabilisation of domains and membrane geometry will alter the 
affinity of tested peptides for the domain (and topological) boundaries. 

Accumulation of labelled proteins at boundaries of domains will be studied by 2-colour 
epifluorescence imaging in wide-field (for SPBs) and confocal (for GUVs) modes. The domains will be 
visualized by fluorescent lipid analogues with the appropriate partitioning (e.g., DOPE-Atto-633 and 
DSPE-PEG2000-RhB53). Significant protein accumulation at the boundaries will be directly detectable in 
intensity profiles and kymographs. Fluorescence recovery after photobleaching (FRAP) will help to 
visualize cases in which accumulation of proteins is difficult to resolve by intensity profiles. Additionally, 
we will track individual trajectories of the peptides in time and space by single particle tracking 
(SPT)54,55. Here, labelled-peptides will be mixed with unlabelled peptides to enable detection of single-
molecule fluorescence while preserving the total peptide levels. In agreement with published theoretical 
and experimental studies39,56, we expect accumulation of TMPs at the boundary under extreme 
conditions, e.g., represented by phase separated membranes composed of DOPC:DPPC:Chol (5:3:2). 
However, such extremes have low biological relevance57, therefore, it is important to use also 
membranes with smaller differences in phase characteristics, as well as membranes with nanodomains 
(see below). To better mimic cell membranes we will use lipid mixtures of biological origin46,47 and 
membranes containing PI(4,5)P2 clusters48. As lower size and stability of domains is expected in such 
membranes, these experiments will be performed in membranes with induced curvature (see above). 
At the same time, these experiments will also provide information on the impact of curvature on TMP 
localisation. Here, peptides with and without palmitates will be tested to evaluate the impact of 

Table 2. Peptides and proteins used in the study.  

Protein/peptide name Sequence 

E.coli production and purification according to Dr.Strisovsky lab (IOCB, Prague) 

CD4-TM KSI-10xHis-M↓KK-ALIVLGGVAGLLLFIGLGIFFSVRSRH-KKKK 
CD4-TM-palm1A KSI-10xHis- M↓KK -ALIVLGGVAGLLLFIGLGIFFC(palm)VRSRH-KKKK 
CD4-TM-palm1B KSI-10xHis- M↓KK-ALIVLGGVAGLLLFIGLGIFFSVRC(palm)RH-KKKK 
CD4-TM-palm2 KSI-10xHis- M↓KK-ALIVLGGVAGLLLFIGLGIFFC(palm)VRC(palm)RH-KKKK 
PAG-TM KSI-10xHis- M↓KKK-LWGSLAAVAIFFVITFLIFLSSSSDRE-KKKK 
PAG-TM-palm KSI-12xHis- M↓KKK-LWGSLAAVAIFFVITFLIFLC(palm)SSC(palm)DRE-KKKK 

E.coli production and purification according to Wittich et al.9 

CD4-TM-cyt 
10xHis-L1-Ub-L2(↓)-MALIVLGGVAGLLLFIGLGIFFSVRSRHRRRQ 
...AERMSQIKRLLSEKKTSQSPHRFQKTSSPI 

CD4-TM-cyt(palm) 
10xHis-L1-Ub- L2(↓)-MALIVLGGVAGLLLFIGLGIFFC(palm)VRC(palm) 
...RHRRRQAERMSQIKRLLSEKKTSQSPHRFQKTSSPI 

Synthetic peptides from commercial resources 

LAT-TM EEAILVPSVLGLLLLPILAMLMALSVHSHRLP  
LAT-TM-palm EEAILVPSVLGLLLLPILAMLMALC(palm)VHC(palm)HRLP  

Notes: TM, transmembrane domain; cyt, cytosolic tail; palm, palmitoylated peptide; C(palm), palmitoylated 
cysteine; KSI, ketosteroid isomerase; Ub, ubiquitin. In Bold: serine residues which replaced native cysteines to 
avoid oligomerisation. Underlined: cluster of positively charged residues. In blue highlight: N-terminal parts of 
fusion proteins used for peptide production and purification. These are removed by site-specific proteolysis - ↓, 
specific cleavage site. 

 

Fig.1. Membranes with high curvature will be generated using the micropipette-assisted method (A, B) and by 

nanoparticle deposition on a support (C). 
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palmitoylation. Furthermore, we will use the CD4-tm-cyt protein (Table 2) in membranes with and 
without PI(4,5)P2 clusters to evaluate the impact of electrostatic interactions on protein localisation. Of 
note, the CD4 protein has a basic-rich motif nearby its transmembrane segment that can influence 
association of the protein with membranes. The impact of physiological levels of calcium (up to 1 mM) 
on membrane domains and protein accumulation at their boundaries will be also investigated, which 
connects WP1 to WP2 and WP3. We note in this context that the impact of calcium on lipid domains and 
boundaries has not been studied yet.  

To further highlight the functional importance of domain boundaries for biological processes, we 
will investigate interactions of boundary-associated proteins with each other, with domain-associated 
proteins and with proteins randomly distributed in bulk membranes using Forster Resonance Energy 
Transfer (FRET; “Methods”). Figure 2 shows expected scenarios that will be realized with various 

combinations of fluorescently-labelled peptides and probes. As a 
second approach, we will employ 2-colour imaging fluorescence 
cross-correlation spectroscopy (Im-FCCS) which provides 2D 
protein-protein interaction maps58. The mapped degree of co-
diffusion provides information about the amount and time-scale of 
protein co-localisation at the boundaries. All these experiments will 
provide invaluable information that will be relevant for 
understanding the interactions of diverse proteins forming signalling 
complexes during, e.g., the activation of T cells.  

The experiments will be accompanied by fully-atomistic 
molecular dynamic (MD) simulations supported by coarse grained 
approaches. Preparation and structural characterization of selected 
model lipid membranes from Table 1 will be performed. Properties 
of the boundary regions will be explored, including lipid 
conformations, membrane thickness, lateral diffusion. These results 
will be confronted with experimentally accessible data and compared 
with established simulated phase coexistence systems32,59. In the 
second phase, well-characterized systems containing boundaries will 
be simulated with peptides, mimicking the experiments. Boundary 
affinities will be assessed in bias-free simulations. Moreover, free 
energies of peptide transfer across domain boundaries will be 
estimated using enhanced sampling MD methods. Simulated data will 
be always directly compared with experiments.  

Although challenging, we will try to approach the ultimate goal of 
applying the above described experimental concept to nanodomains 
and clusters. The method of choice to study nanodomains is 
FRET53,60-62. When fluorescently labelled molecules co-cluster or 
form circular rings on a membrane, FRET efficiency changes 
considerably in comparison to a random probe distribution63 (Fig. 2). 
Motivated by this observation and by our recent results showing that 
MC-FRET (Monte Carlo-FRET; see “Methods”) enables to determine 
sizes, component concentrations and inter-leaflet organisation of 
lipid nanodomains in model lipid bilayers53,64, we will develop this 
method further and use it for localisation of fluorescently-labelled 
proteins with respect to the nanodomain boundaries. Note that 
formation of circular rings is similar to accumulation of peptides at 
boundaries (Fig. 2). We expect the FRET method to distinguish 
between the following scenarios: a) random distribution of molecules 
in membrane, b) accumulation of proteins at nanodomain 
boundaries, c) accumulation of proteins within nanodomains, and d) 
combination of the three scenarios. On the computational side, we 
will focus on membranes that experimentally display spatio-
temporal lateral heterogeneity resembling the systems with no 
mesoscopic domains (Table 1). Special emphasis will be given to 
analysis of the lateral arrangement of the components.  

 

Fig. 2. Expected FRET 
interactions of boundary-
associated proteins with other 
membrane molecules, such as 
domain-associated molecules 
(scenario 1), boundary-associated 
molecules (scenario 2), molecules 
randomly distributed in the bulk 
membrane (scenario 3). 
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Work Package #2. Calcium and calmodulin crosstalk in regulation of membrane 
associated signalling proteins 

Calmodulin (CaM) is a multifunctional calcium-modulated protein that binds to a large variety of target 
proteins to regulate their function19,65. CaM can bind up to four calcium ions using its four EF-hand 
motifs, i.e. helix-loop-helix structural domains rich in acidic residues such as aspartates and glutamates. 
Calcium binding leads to conformational changes in CaM that expose hydrophobic methyl groups and 
allow CaM to bind several of its target proteins. In addition, calcium decreases the overall negative 
charge of CaM, which may modulate its interaction with negatively charged lipid membranes and 
proteins in its vicinity20. Calcium is also involved in the regulation of membrane interaction of 
many proteins (both cytosolic and membrane proteins) and this association/dissociation with 
membranes is likely to be required for their function16,19,20. The interaction of positively-charged 
proteins with negatively-charged membranes can occur via the linear motifs of the proteins, e.g., the 
transmembrane helix 8 (TM8) of the adenosine A2A receptor (A2A-TM8) or the surfaces of 3D 
structures of proteins, such as the plecstrin homology (PH) domain of the tyrosine-protein kinase ITK 
(PH-ITK). While calcium regulates the interaction of these protein motifs with negatively charged 
membranes (e.g.16), the omnipresent CaM is known to modulate them as well. Specifically, the 
modulation of the adenosine A2A receptor by CaM appears to be indirect and its mechanism is not fully 
understood22. CaM has been shown to increase the binding affinity of ITK to negatively charged 
membranes. ITK has been demonstrated to have a CaM binding site close to the binding site for 
phosphatidylinositol-trisphosphate (PIP3)17. Additionally, the CD3ε cytosolic tail of T-cell co-receptor 
CD3 (CD3ε) contains a positively charged motif rich in basic residues that binds Lck kinase to regulate 
immunological response. This process may be modulated by calcium16, but the involvement of CaM has 
not been investigate yet. However, using the Calmodulin Target Database we have found putative CaM-
binding sites in CD3ε.  

In order to understand the regulation of these signalling proteins one needs to address the crosstalk 
between calcium, CaM, negatively charged lipid membranes, and the signalling protein itself. In the case 
of adenosine A2A receptor our working hypothesis is that opening of the calcium channels has the 
following consequences – calcium competes with the positive residues of the A2A-TM8 chains (hidden 
in the lipid membrane) for interactions with negatively charged lipids, promoting the release of the TM8 
domain towards the cytoplasm. At the same time, calcium binding to CaM enhances the Ca-CaM 
association with the lipid membrane, which may be the mechanism of its regulative effect. While in the 
case of A2A receptor the Ca-CaM complex causes release of the TM8 domain from the membrane, the 
opposite is observed for the PH-ITK domain. Namely, CaM promotes the interaction of PH-ITK with 
negatively charged membranes, specifically with PIP3-rich membranes17. In both these cases, CaM, 
calcium, and anionic lipids play in concert to regulate the function of effector proteins, but in each case 
the involved molecular mechanisms seem to be different.  

Similarly, complex relations were observed for other signalling proteins (e.g., the Akt kinase) often 
with surprising biological outputs, which currently lack molecular explanation20. It is plausible that the 
local environment influences the impact of CaM, calcium, and anionic lipids in such multicomponent 
systems. In cells, the presence of other ions, high diversity of lipid species with different physical 
properties, as well as the omnipresence of CaM may be involved in protein-protein and protein-lipid 
interactions20. Understanding molecular details of these interactions may uncover yet unknown 
biological mechanisms involving these systems. This problem can be approached only with 
computational methods tightly linked to experimental data on model membranes to resolve molecular 
details of the interactions. Experiments and simulations described below will provide crucial 
information on molecular mechanisms of Ca-CaM-dependent regulation involving the A2A-TM8 
and ITK-PH domains. This knowledge will then be used to investigate novel Ca-CaM-regulated 
signalling events, such as the putative involvement of CaM in the regulation of CD3ε activation in T 
cells.  

Formulation of the research questions: 

In order to understand how the target proteins are influenced by the interplay between calcium, CaM, 
and membrane lipids, we will address the following questions: 1) Does the presence of calcium influence 
the interaction of CaM with negatively charged membranes and its lipids? Does this correlate with the 
physical properties of the membrane? 2) Do the positively-charged A2A-TM8 and PH-ITK segments 
compete with calcium for binding to the negatively charged membranes? 3) What is the influence of 
other cytosolic cations (i.e. potassium and magnesium), lipid composition, and membrane curvature on 
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the adsorption of these protein-fragments in the presence of calcium? 4) To better understand the 
interplay between CaM, calcium, positive protein fragments and membranes, we will investigate how 
does the simultaneous presence of CaM and positively-charged protein motifs influence the answers to 
questions 1 and 2? 

Using this newly accumulated knowledge, can we uncover the role of Ca-CaM in regulation of other 
signalling proteins? The current view highlights calcium adsorption to negatively charged lipids as a 
trigger for CD3ε release from the membrane and its subsequent binding to Lck kinase16. Can CaM co-
modulate the activity of CD3ε with its positively-charged motif?  

How to approach the questions? 

We will employ both in vitro (i.e. SPB, SUV, LUV, and GUV) and in silico investigations of model lipid 
membranes with well-defined compositions. The simplest model of the cytosolic leaflet of a plasma 
membrane will be based on phosphatidylcholine with 20 mol% phosphatidylserine (POPC/POPS). This 
mixture guarantees a sufficient negative charge and a liquid character of the bilayer (Lα phase). 
Membranes with more complex composition (e.g., with PIPs or phosphatidic acid as biologically active 
anionic lipids, phosphatidylethanolamine to modulate membrane curvature, or cholesterol to tune lipid 
order) and with the additional presence of potassium and magnesium ions will also be examined. We 
will use fluorescently labelled synthetic peptides (A2A-TM8 (291-325) RIREFRQTFRKIIRSHVLRQ-
QEPFKAAGTSARVLA), recombinant proteins (PH-ITK (1-154; C96E/T110I) expressed and purified as 
in WP1, and commercially available CaM).  

The basic concepts of the fluorescence experiments are threefold: First, we will characterise the 
changes in lipid organisation induced by the adsorption/desorption of calcium, and by the binding of 
CaM and basic-rich peptides using Time-Dependent Fluorescence Shift (TDFS; see “Methods”) of 
fluorescent probes, which detects hydration and local mobility in membranes. We have shown that TDFS 
method is sensitive to calcium18 and protein/peptide binding8,66,67. Paired with MD, TDFS provides 
atomistic details on these interactions. In the first phase of the project, the focus will be on robust bulk 
measurements (SUVs and LUVs) to precisely assess the induced changes in the hydration and polarity 
profile of the lipid bilayers. These experiments will be extended to single vesicle measurements (GUVs) 
using TDFS microscopy of 1-(7-diethylamino-9,9-dimethyl-9H-fluoren-2-yl)-nonan-1-one68, i.e. a probe 
allowing one photon excitation with improved photostability, and two-photon excitation microscopy of 
Laurdan (6-dodecanoyl-2-dimethylaminonaphthalene) fluorescence using the generalized polarization 
method (GP)69. Microscopy measurements suffer from poorer statics compared to the above described 
bulk measurements, but will allow to directly link changes of membrane properties to protein binding 
on a single vesicle level. Moreover, it opens the door to assess lipid diffusion coefficients by z-scan 
Fluorescence Correlation Spectroscopy (FCS; see “Methods”)70.  

Second, we will directly monitor how the binding 
of the fluorescently labelled proteins to membranes is 
affected by the interplay of calcium, CaM, and the 
chemical and structural properties of the membrane 
surface. In bulk experiments the amount of protein 
binding to LUVs or SUVs will be determined by 
fluorescence anisotropy measurements or by 
FCS/FCCS (Fluorescence Cross-Correlation 
Spectroscopy), depending on binding affinities. At the 
single vesicle level, the surface concentration of the 
proteins and their 2D diffusion coefficient will be 
determined by z-scan FCS71. MC-FRET assays will 
provide information on the molecular details of the 
relative location of the protein with respect to the 
bilayer. This will be relevant for monitoring potential 
conformational changes of the membrane bound 
proteins induced by the particular factors addressed 
in each experimental setup.  

Third, protein-protein interactions will be 
addressed primarily by a single vesicle approach. 

 

Fig. 3. Caclium-loaded CaM (on top) interacting 
with A2A (in the membrane) using its TM8 
region (helix parallel to the membrane). 
Calcium ions are shown in yellow. Acid (red) 
and basic (blue) groups are shown in the 
interaction zone. Preliminary MD results. 
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FCCS will be used to detect directly protein-protein interactions on the membrane of GUVs and provide 
information on their stoichiometry. Identically, Im-FCCS (Imaging-FCCS; see “Methods”) will provide 
this information for SPBs, which can be used in case of lower binding affinities of the peptides/proteins. 
In addition, FRET will again provide information on the molecular organisation of the interacting 
proteins.  

The planned computational work will complement the fluorescence experiments and follow the 
same philosophy with the aim of providing an atomistic/molecular view. We will begin by employing 
all-atom models of the target proteins and their interactions with the membranes described above. 
These studies will provide relevant atomistic details of their interactions together with any changes in 
membrane structure or the protein itself. These models will also be employed in the presence of calcium 
to simulate a calcium-activated environment. Enhanced sampling methods will be used for all these 
systems to estimate the energetics of the protein binding under different conditions. Investigations 
involving increasing complexity of the membranes will provide rationalizations of the effects of 
composition and details concerning the molecular mechanisms underlying the experimental 
observations. Finally, structural information concerning the interactions of the proteins with CaM will 
be used to simulate the two proteins together, with and without the presence of a membrane, to 
establish their interplay. In this context, we will also use the full A2A-protein to assess the validity of 
using peptide fragments instead of complete proteins (Fig. 3).  

 
Work Package #3. Membrane Fusion Induced by Calcium Ions and Cationic Peptides  

Membrane fusion and fission control vital cellular processes ranging from shaping cell morphology to 
neuronal signalling. On the one hand, many of these processes are tightly regulated, e.g., by the SNARE 
protein complex in the case of fusion of synaptic vesicles with the neuronal cell membrane,24-27 while on 
the other hand, spontaneous fusion and fission is frequently observed in cellular and model 
membranes26,41. For example, even for the strongly regulated neuronal signalling, unregulated vesicle 
fusion also occurs spontaneously, likely due to natural fluctuations of local calcium concentration26.  

We have recently shown that calcium binding to model membranes depends strongly on curvature 
and lipid composition, becoming stronger in positively curved regions and/or in the presence of 
negatively charged phospholipids5,18,72,73. In a preliminary study, we have demonstrated for the first 
time using atomistic simulations that calcium can induce membrane fusion in 
phosphatidylethanolamine-rich vesicles74, which to date had only been suggested indirectly based on 
experiments and coarse-grained simulations75. Moreover, in the same study we have found that from 
the mechanistic point of view the passive membrane penetration of arginine-rich peptides is analogous 
to calcium-induced membrane fusion (Fig. 4). We hypothesize that passive cell entrance of arginine-rich 
peptides may proceed via a 
hitherto unexplored 
mechanism involving 
induction of membrane 
budding and multilamellarity, 
followed by a fusion process 
analogous to calcium-induced 
membrane fusion. In general, 
membrane properties such as 
curvature, lipid composition, 
and presence of domain 
boundaries may control fusion 
in the presence of elevated 
concentrations calcium ions or 
cationic arginine-rich 
peptides. Additionally 
membrane domains and their 
boundaries with strong 
curvature have been shown to 
be important sites for fusion of 
viral particles with cell 
membranes28-31.  

 

Fig. 4 (based on preliminary results): First direct fully atomistic molecular 

simulations demonstrating that calcium ions (top, yellow) and nona-arginines 

(bottom, green) induce membrane fusion by the same mechanism involving 

lipid cross-linking and flip-flop, followed by creation of a fusion stalk and pore. 
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Building on these preliminary studies, within this project we will firmly and quantitatively 
establish the fusogenic ability of calcium ions together with its modulation by the membrane 
curvature and composition. Moreover, we will unravel the mechanism of the passive cell 
entrance mechanism of oligoarginines for complex membrane environments. This will provide a 
framework for systematic investigation of fusogenic properties of a whole range of cationic arginine-
rich peptides76.  

Formulation of the research questions: 

Based on the above preliminary findings we can formulate the key research questions to be addressed: 

Calcium-induced membrane fusion. 1) What is the impact of positive membrane curvature, lipid 
composition and domain boundaries on calcium induced membrane fusion? 2) Does fusion take place 
preferentially at domain boundaries as suggested for virus-like particles? 3) Could calcium binding 
proteins such as CaM reduce the fusion efficiency due to their calcium–buffering ability?  

Fusogenic cationic peptides. 4) How can we characterize at the molecular level the fusogenic ability 
of cationic peptides exploiting our recently discovered mechanistic similarity between the calcium 
induced membrane fusion and passive cell penetration of arginine rich peptides? 5) Since the two 
processes may have a common denominator, how do the two fusion agents work together? Do they 
cooperate or does calcium inhibit the association of the cationic peptides with cell membranes? 6) How 
do oligoarginines enter cells via fusion and is this newly suggested mechanism of passive cell 
penetration generic also for other fusogenic peptides?  

How to approach the questions? 

The above questions will be addressed by state-of-the-art molecular dynamics simulation techniques 
(as described in the “Methods”) in concert with an array of modern fluorescence and electron 
microscopy techniques. Specifically, in the simulations we will employ our recently developed setup 
enabling modelling of calcium-induced fusion of two bilayers (manuscript submitted74). From the 

experimental point of view, content and lipid 
mixing fluorescence assays53,77-79 will be used to 
monitor docking and fusion events. Unique 
information on docking areas of interacting 
bilayers and possible occurrence of 
multilamellarity of fusion intermediate states will 
be gained by a MC-FRET approach recently 
developed by us53,63. The influence of membrane 
curvature on those events will be investigated by 
a single vesicle assay developed by Stamou et 
al.80, which will be established in our laboratory. 
Additional information about docking and fusion 
events between vesicles smaller than the 
resolution of confocal microscopy will be gained 
by applying our “in-house” developed single 
molecule localisation techniques like SOFI81. 
Other super resolution techniques not relying on 
blinking chromophores like STED are available at 
the core-facilities at BIOCEV Prague (Dr. A. 
Benda). All these techniques using fluorescently 
labelled lipid analogues will provide a 
comprehensive and dynamic picture on the steps 
involved in the fusion process initiated either by 
calcium and/or peptides. 

Identical model membranes with complex 
lipid mixtures will be used for both in vitro and in 
silico to address the questions outlined in the 
previous section. Namely, ad 1) We will follow the 
fusion process while systematically varying the 
mechanical properties (elasticity, tendency for 

 
Fig. 5. (based on preliminary results): Schematic 
drawings of calcium-induced and polyarginnine-
induced membrane fusion, which share common 
mechanistic features. Moreover, the latter may lead to 
passive cell penetration if combined with peptide-
induced cell budding and multilamellarity. 
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positive vs. negative curvature, by adding phosphatidylethanolamine, ceramides, etc.), as well as the 
electrostatics (by adding increasing amounts of negatively charged lipids, such as phosphatidylserine, 
phosphatidylglycerol, or phosphatidylinositols) and tendency for domain formation (e.g., by adding 
cholesterol). In addition, following lipidomics analysis of membranes of cells and intracellular organelles 
we will be able to mimic vesicle systems with increasing accuracy regarding relevant biological 
conditions. Ad 2) Building bilayer systems composed of mixtures of lipids and cholesterol will also allow 
us to model the formation of membrane nanodomains and focus on calcium-induced fusion at the 
nanodomain boundaries. Here the MD studies on bilayers with nanodomains are concurrent with tasks 
of WP1. Results from MC-FRET experiments will reveal docking characteristics specific to the presence 
of boundaries. Ad 3) To mimic more faithfully the cytosolic conditions at the cell membrane we will 
explicitly include physiologically relevant cations (in particular potassium and magnesium) as well as 
calcium-buffering proteins, such as CaM.  

Ad 4) We will employ the simulation setup for calcium-induced membrane fusion to explore the 
fusogenic abilities of arginine-rich cationic peptides. We will characterize the similarities and 
differences between the fusion processes induced by calcium ions vs oligoarginines, focusing on the 
rate-limiting step involving cross-linking of the two bilayers and lipids tail flip-flop induced by the 
fusogenic agents. Here, MC-FRET will help to gain crucial information on morphological changes during 
fusion. Ad 5) Having two fusogenic agents, calcium and arginine-rich peptides, we will perform fusion 
simulations in the presence of both exploring potential cooperative effects between the small calcium 
cations with high charge density and the large and flexible peptide oligocations. Ad 6) Since ideal fusion 
is topologically incompatible with cell penetration, we will model the non-idealities (e.g., membrane 
budding and induction of multilamellarity) that enable entry of arginine-rich peptides (Fig. 5). We will 
study a range of cationic peptides starting from oligoarginines of varying length and gradually adding 
other amino acids (such as tryptophanes) and moving from linear to cyclic peptides, which are known 
to modify the cell penetrating properties. The ultimate goal is to systematically assess the passive 
penetration mechanism of these peptides. Regarding the experiments on these fusogenic cationic 
peptides specific fluorescence labelling opens the possibility to monitor the localisation of the peptides 
with respect to the membrane at angstrom to nanometer resolution by MC-FRET and confocal or super 
resolution microscopy, respectively. This dynamic picture gained by light microscopy will be correlated 
with the static, structural information obtained by electron microscopy in a sequential CLEM like 
approach (in collaboration with Dr. Avinoan at the Weizmann Institute, Dr. Schofel at the MPI of 
Molecular Cell Biology and Genetics in Dresden and Dr. Benda at BIOCEV in Prague. Letters of support 
available).  

 

 

Methods 

Experimental methods at the Heyrovský Institute  

The laboratory of the PI is currently equipped with: three state-of-the-art confocal microscopes, 
two wide field single-molecule sensitivity microscopes, and pulsed laser sources and time-resolved 
detectors; steady state and time-resolved fluorescence spectrometers; model membrane 
preparation equipment; tissue culture facilities (Biosafety Level 1) and immunofluorescence and 
biochemistry lab. The main methods of relevance are: 

Monte-Carlo simulations of Förster resonance energy transfer (MC-FRET)53,62,63 was originally 
developed by our group and represents a central experimental method in this proposal. The method 
can provide detailed information about nanoscale organization of lipids/proteins in lipid bilayers. 
It will be used to report on the distribution of fluorescently labelled proteins in respect to 
boundaries, relative orientation of proteins in respect to the membrane, on the dimension of protein 
complexes, and on morphological changes of bilayers (e.g. multilamellarity, docking areas) during 
fusion.  

Imaging fluorescence correlation spectroscopy (Im-FCS)58 is a wide-field variant of FCS that can 
provide a 2D map of diffusion coefficients of fluorescently labelled lipids/proteins on SPBs. The 
extension to dual-colour imaging fluorescence cross-correlation spectroscopy (Im-FCCS)58 allows 
study protein-protein and protein-lipid interactions. Both methods can image simultaneous bulk 
membrane, domains and their boundaries. While Im-FCS is fully established, Im-FCCS will have to 
be implemented in our laboratory. 
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Line-scan FCS/FCCS82,83 and z-scan FCS/FCCS70 are confocal variants of FCS/FCCS that can measure 
diffusion/degree of interaction of fluorescently labelled molecules without a need of additional 
calibration. In contrast to Im-FCS these techniques exhibit great resolution in time and are not 
limited to SPBs. Line-/z-scan FC(C)S are fully established in our laboratory.  

Single particle tracking (SPT)54 allows tracking of single molecules in time and space. SPT in total 
internal reflection fluorescence microscopy mode will be used to track fluorescently labelled 
proteins interacting with domain boundaries. The tendency of proteins/lipids to accumulate at 
domain boundaries should be revealed by analysis of individual diffusion traces. SPT is established 
in our laboratory.  

Photoactivated localisation microscopy (PALM) and Super-resolution Optical Fluctuation Imaging 
(SOFI)81,84 allow fluorescence imaging with high precision (down to ~10 nm) for the evaluation of 
nanoscopic structures, characterisation of their shapes and molecular (co-)cluster analyses in 
model and cellular systems. 

Time-dependent fluorescence shifts (TDFS) method85 was developed in our laboratory and enables 
to determine separately the membrane hydration and membrane dynamics at the 
hydrophobic/hydrophilic interface of the membrane, and assess the influence of external factors 
(ions and proteins). TDFS will be performed both in spectroscopy and microscopy modes.  

Fluorescence fusion assays such as lipid mixing and vesicle content mixing in bulk and on single 

vesicles are routinely used. Of note recently, the interpretation of different fluorescence leakage 

assays was harmonised (Braun, ACS Nano 2018) and combined with single molecule number and 

brightness analysis 78. 

Systems with controlled membrane curvature will be prepared in three different ways: 1) 
micropipetting of GUVs40,41 consists in pulling highly curved microtubes from GUVs. 2) 
Nanoparticles (>25 nm) deposited on a support for creating SPBs with curvature51,52. 3) Placement 
of unilamellar vesicles of defined size on a pre-modified membrane support to be used for 
investigating docking and fusion events between single vesicles of different curvature in a confocal 
microscopy set-up80. All three approaches will be established in our laboratory (see the 
investment). 
 

 
Computational methods at IOCB  

The laboratory of the co-PI has in-house intermediate-size (~1000 cores) PC clusters for 
preparatory simulations and supercomputing facilities available via the Czech National Grid 
Infrastructure (for production simulations) and European Infrastructures (e.g., via PRACE) for large 
scale simulations.  

The workhorse for calculations within the present project is the Molecular Dynamics (MD) 
simulation technique. This computational approach allows following in time and with atomistic 
resolution positions of each component of a model membrane system, hence providing an atomistic 
insight to this proposal. Fully-atomistic force fields will be used primarily, but when necessary 
coarse-grained models will also be implemented. Simulations will be performed using the 
GROMACS program package86, which is an advanced and efficient platform for membrane 
simulations. It allows for both direct MD simulations and enhanced sampling methods, especially 
when coupled with the PLUMED library (e.g., for metadynamics and umbrella sampling methods). 
Considering that our systems need to be very large and that the required timescales are beyond a 
microsecond, our proposed computational efforts are at the cutting-edge of the field. Additionally, 
for building up the systems (e.g., the extended membrane-peptide complexes at various geometries 
embedded in aqueous electrolytes) and for analysis (requiring, e.g., codes to characterise 
fluctuating lipid environments) we will develop specialized programs to automatize the tasks. We 
will make these codes publicly available. Calcium interactions with other biomolecules are critical 
for this proposal. Based on our extensive experience it is clear that one must include electronic 
polarization corrections87,88. We have shown that this is achieved in a mean-field way via rescaling 
ionic charges87,89. 
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Timeline 

 Task 2019 2020 2021 2022 2023 
 Purification and labelling of proteins and peptides                   

W
P

 1
 

Evaluation of boundaries in model membranes; effects of calcium            
Establish methods for formation of highly curved membranes           
Peptide accumulation in boundaries of membr. with curvature           
Impact of calcium ions on protein accumulation at boundaries           
Impact of palmitolyation on protein accumulation at boundaries           
Peptide interactions with PIP clusters           
Intermolecular interaction analysis by FRET and FCCS           
Computational studies           

W
P

 2
 

Calcium adsorption to membranes - effects of lipid composition           
Impact of basic-rich peptides on membrane properties           
Combined effect of calcium and basic-rich peptides on membranes           
Effect of calcium on CaM-lipid interactions           
Influence of the presence of potassium and magnesium           
Curvature impact on CaM, calcium and peptide adsorption           
Simultaneous CaM-calcium-peptide-membrane interactions           
Computational studies           

W
P

 3
 

Molecular simulations of calcium induced membrane fusion           
Experimental mapping of calcium effects on membranes           
Molecular simulations of fusogenic peptides           
Molecular simulations of calcium and fusogenic peptides           
Molecular modelling of cell entry of cationic peptides           
Fluorescence and electron microscopy of (all) membrane systems           

 

International collaborations 

The groups of the PI and co-PI will extensively cooperate with collaborating labs primarily in the 
research directions where there is a lack of equipment. Specifically, cryo-electron microscopy 
experiments will be carried out in cooperation with Dr. O. Avinoam (Weizmann Institute, Izrael) and Dr. 
A. Benda (BIOCEV, Czech Republic). The single vesicle curvature assay will be approached with help of 
its inventor Prof. D. Stamou (Center for Synthetic Biology, University of Copenhagen, Denmark). 
Refinement of computational force fields will be realized with help from neutron scattering (NDIS) in 
collaboration with Dr. H. Fischer (Institut Laue-Langevin, France). Single particle tracking techniques 
will be consulted with Prof. G. Schütz (Institute of Applied Physics, Austria) and the super-resolution 
STED microscopy will be performed in the collaboration with Dr. A. Benda (BIOCEV, Czech Republic) 
and Prof. J. Widengren (KTH, Sweden).  

 

Proof of Competence and justification of the Co-Applicant 

The project is built around the extensive experience of the PI and co-PI and their teams with 
fluorescence and molecular simulation techniques and their application to biophysical and biological 
problems. Specifically, membrane properties (e.g.,90,91), formation of nanoscopic lipid domains53,62, 
impact of ions on membranes18,92, membrane/protein interactions8,62,67,78,93 as well as nucleic acid 
dynamics94,95 were characterised. In addition, they successfully developed new techniques: Time-
dependent fluorescence shift approach (TDFS) for membrane (e.g,96) and enzyme97 sciences, the first 
calibration-free Fluorescence Correlation Spectroscopy technique (z-scan FCS)70; F lifetime CS (FLCS) 
(e.g.,98) and two novel single-molecule F-techniques (F Spectral Correlation Spectroscopy99 and 
Dynamic Saturation Optical Microscopy100). Moreover, they recently improved the following techniques: 
Fluorescence Lifetime Imaging Microscopy and Förster Resonance Energy Transfer method combined 
with Monte-Carlo simulations (e.g.,60) , Super-resolution Optical Fluctuation Imaging (SOFI)81, 2-foci 
FCS101 and fluorescence leakage assays77,78. All fluorescence techniques required for the successful 
completion of this project are available in the laboratory of the applicant except for STED-FCS, which is 
available at the imaging facility of BIOCEV (Czech Republic) and will be performed in collaboration with 
the STED-FCS expert Dr. A. Benda. The team has also extensive experience with generation of various 
forms of model membrane systems, including those containing proteins and peptides8,67,102. For the 
formation of highly curved membranes, micropipette-assisted or nanoparticle-deposition driven 
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systems will be set up. The team already established several complex tools to investigate biological 
materials in their laboratory, e.g. three methods for GUV preparation, black lipid membranes, Langmuir 
Blodgett system for monolayers (see references above), thus demonstrating their ability to adapt 
complex methods. The team has also extensive experience with production, purification and labelling of 
peptides and proteins8,103-107. The team has previous experience with the proposed proteins).  

The fluorescence techniques will provide essential information about behaviour of proteins and 
membranes experimentally. In order to better understand the mechanisms responsible for the observed 
phenomena, the studied systems will be characterised also using computational approaches. The Pi and 
co-PI have successfully established a long-term collaboration that is highlighted in many published 
works5,72,85,108-110. The co-PI has extensive knowledge and long experience in using computational 
methods to model complex molecular systems such as those critical to study the phenomena described 
in this proposal. The co-PI has managed to directly simulate a unique mode of calcium-induced and 
peptide-induced membrane fusion, which both have been confirmed by fluorescence experiments 
tailored for this system by the PI (connected to WP3). This yet unpublished work is also an ideal entry 
point for the present proposal, where we will move from the simple configurations studied in past to 
more sophisticated and physiologically relevant systems employing molecular dynamics simulations in 
tandem with fluorescence and electron microscopy techniques and advanced data analysis.  

 

Risk Assessment 

The highest risk of the project resides in WP1. As the hypothesis of a sizable accumulation of 
transmembrane proteins at boundaries of membrane domains is entirely novel, this assumption may 
turn out to be overoptimistic. Despite of this danger, investigating the role of boundaries in biological 
processes is imperative. Moreover, valuable results on boundary detection and new protocols for their 
preparation will be obtained, which will balance out a potential unfulfilment or only partial fulfilment 
of the hypothesis. Based on the extensive expertise of the applicant and co-applicant in fluorescence 
microscopy and molecular dynamics simulations, the risk of WP2 and WP3 can be regarded as lower 
compared to WP1. In addition, WP2 and 3 do not rely on the success of WP1, which largely minimises 
the possibility of a collapse of the overall project. Moreover, the herein presented preliminary results 
indicate that the tasks defined for WP2 related to the effects of calcium on peptide-membrane 
interactions and for WP3 to elucidate the mechanisms of membrane fusion possess high chances to be 
fulfilled.  

 

Team Description 

1) Prof. Martin Hof is the director of the J. Heyrovský Institute. The development of novel fluorescence 
techniques has been his main activity for the last 20 years. Methods like TDFS, Z-scan FCS, FLCS, or FSCS 
were developed in Prague and are one of the reasons for his international recognition. The techniques 
have been applied to address broad questions in biomembrane sciences. His work has gained 
recognition by Czech awards as well as by numerous invitations to the major international conferences 
on biophysics (most prestigious: Plenary lecture at the 9th EBSA European Biophysics Congress 2013). 
He will coordinate the project. 

2) Prof. Pavel Jungwirth is a Distinguished Chair at IOCB Prague and a Professor in physics at the 
Charles University. After postdoctoral stays at the Hebrew University and the University of California 
Irvine (1994-5), he established an independent scientific group where he has employed state-of-the-art 
computational techniques in direct contact with experiment to unravel the action of ions in biological 
contexts involving proteins and/or cellular membranes. In 2013-2017, he also held the prestigious 
Finland Distinguished Professorship at the Tampere University of Technology. He will be the co-PI 
responsible primarily for WP3, with links to WP1 and WP2. 

3) Dr. Mariana Amaro is the head of the Department of Biophysical Chemistry at J. Heyrovský Institute. 
She did her PhD at University of Strathclyde (GBR) during which she studied oligomerisation of the 
Amyloid-β (Aβ) peptide by means of tyrosine fluorescence. After moving to Prague in 2011, she 
combined her research experience with membrane science to investigate the membrane-mediated 
oligomerisation of Aβ by single-molecule fluorescence and she has been involved in the development of 
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fluorescence techniques for membrane biophysics. She has received the 2017 Otto Witcherle award for 
young scientists with outstanding results of scientific work. She will be engaged in WP1 and 2.  

4) Dr. Marek Cebecauer is a senior scientist at the Department of Biophysical Chemistry with a long-
term interest in the organization and function of the plasma membrane and associated signalling 
proteins. Originally a biochemist and immunologist (PhD), he became interested in the use of imaging 
techniques for the analysis of structures and processes in living cells, and interpretation of super-
resolution microscopy and biophysical data for biology (Imperial College London (GBR) and current 
position). He was awarded the Fellowship J.E.Purkyně in 2010 allowing him to build up a membrane 
biology lab. He will be involved mostly in WP1 but also in WP3. 

5) Dr. Piotr Jurkiewicz is a scientist at the Department of Biophysical Chemistry. He graduated 2007 
from Wroclaw University of Technology (POL). His main focus is the biophysical characterization of lipid 
membranes, working mostly with model systems but also with living cells. His research topics include 
the impact of lipid and sterol oxidation, specificity of ion adsorption to membranes and their biological 
consequences. He will be involved in WP2 and 3.  

6) Dr. Radek Šachl is a scientist at the Department of Biophysical Chemistry. He received his PhD in 
Physical Chemistry at Umeå University (SWE) in 2012. He combined fluorescence lifetime imaging 
energy transfer and Monte Carlo simulations for the quantitative size determination of nanodomains, 
which is a key technique for this project. He has received the 2017 Otto Witcherle award for young 
scientists with outstanding results of scientific work. He will be involved in all work packages. 

7) Dr. Hector Martinez-Seara is a senior scientist at the Institute of Organic Chemistry and 
Biochemistry of the Czech Academy of Sciences. He received his PhD at the University of Barcelona in 
2010. Afterwards, he obtained a prestigious Finnish Academy postdoctoral fellowship to focus on 
molecular modeling of lipid membranes and the glycocalyx (at the group of Prof. Ilpo Vattulainen, 
universities in Helsinki and Tampere). He focuses on the study of biological membranes using molecular 
dynamics simulations. He will be involved primarily in modeling studies concerning WP1 and 2. 

8) Dr. Philip E. Mason is a senior scientist at the Institute of Organic Chemistry and Biochemistry of the 
Czech Academy of Sciences. He received his PhD. from the University of Birmingham (1997) and was a 
postdoc at the University of Bristol and Cornell University performing molecular simulations and 
neutron scattering experiments of biologically relevant salt and sugar solutions. He has also been 
involved in popularization of science maintaining a very popular youtube channel. He will be primarily 
responsible for ion force field parameterizations for simulations, mainly within WP2 and WP3. 

9) Post-doctoral fellow and PhD. Students will be selected with respect to their knowledge on 
micromanipulation, fluorescence microscopy/spectroscopy techniques, protein purification. They will 
be engaged in performing the experiments for all work packages. The two PhD students of co-applicant’s 
team are already selected and listed in part B. 
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