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Plasma Membrane Nanoplatforms are Dissolved by Oxidized Phospho-
lipids
Mario Brameshuber1, Eva Sevcsik1, Christina Manner1,
Benedikt Rossboth1, Albin Hermetter2, Gerhard J. Schuetz1.
1Institute of Applied Physics - Biophysics, Vienna University of Technology,
Vienna, Austria, 2Department of Biochemistry, Graz University of
Technology, Graz, Austria.
We developed a method termed TOCCSL (‘Thinning out Clusters while
Conserving Stoichiometry of Labeling’) which allows direct imaging of nano-
scopic stable platforms with raft-like properties diffusing in the live cell plasma
membrane. Our method senses these platforms by their property to assemble a
characteristic set of fluorescent marker-proteins/lipids on a time-scale of sec-
onds. A special photobleaching protocol is used to reduce the surface density
of labeled mobile platforms down to the level of well-isolated diffraction-
limited spots, without altering the single spot brightness. The statistical distri-
bution of probe molecules per platform is determined by single molecule
brightness analysis. As consensus raft marker we chose monomeric GFP linked
via a GPI (glycosyl-phosphatidylinositol) anchor to the cell membrane. We
found cholesterol-dependent homo-association of mGFP-GPI in the plasma
membrane of living CHO cells, thereby demonstrating the existence of small,
mobile, stable platforms hosting these probes. This strong homo-association
could be released by addition of 1-palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-
phosphocholine (POVPC) or 1-palmitoyl-2-glutaroyl-sn-glycero-3-phospho-
choline (PGPC), two oxidized lipids typically present in oxidatively modified
low density lipoprotein. We found a clear dose-response relationship of
mGPF-GPI nanodomain disintegration upon addition of POVP, correlating
with the signal of an apoptosis marker. Applying similar concentrations of
lyso-lipid did not dissolve nanodomains. To understand the mechanism behind
nanodomain disintegration we inhibited the activation of acid sphingomyeli-
nase (aSMase), which activates several apoptotic signaling pathways via cer-
amide generation. Inhibition of aSMase by NB-19 before addition of POVPC
completely abolished the nanodomain-disintegration effect of oxidized phos-
pholipids, thereby proofing a rather indirect effect of oxidized phospholipids
on lipid nanodomains. Additionally we addressed the role of aSMase activity
in the release of mGPF-GPI homo-association upon cholesterol extraction -
no correlation was found.
In conclusion we could determine the mechanism how oxidized lipid species
disrupt mGFP-GPI nanodomains in the live plasma membrane.
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High-Speed Single-Particle Tracking Reveals Lipid Dynamics in Heteroge-
neous Raft-Containing Membranes
Ying-Hsiu Lin, Hsiao-Mei Wu, Chia-Lung Hsieh.
Institute of Atomic and Molecular Sciences, Academia Sinica, Taipei,
Taiwan.
Phase coexistence and domain formation in lipid bilayers are intriguing phe-
nomena and play essential roles in many cell functions. In particular, coexis-
tence of liquid-ordered and liquid-disordered phases in membranes of ternary
lipid composition has drawn great attention, as it underlies the concept of ‘‘lipid
rafts’’ in cell membranes. Most biological significance of raft domains is orig-
inated from their capability of recruiting certain molecules into the domain
through interaction between lipids and proteins. However, experimental evi-
dence of how such interaction takes place at single-molecule level has been
missing because it requires high spatiotemporal resolution for observing rapid
and nanoscopic motion of individual molecules in raft-containing membranes.
In this work, we investigated the dynamics of single lipid molecules in raft-
containing bilayer membranes by high-speed optical imaging. An advanced
microscope system was developed for tracking individual small gold nano-
particles (20 nm in diameter) attaching to the head groups of single lipid mol-
ecules (through biotin-avidin conjugation). The linear scattering signal from
the nanoparticles was detected by optical interference where optimal spatial
localization precision down to a few nanometers can be achieved at very
high speed (50,000 frames per second). Furthermore, the photostable linear
scattering signal offers unlimited observation time. Using this technique, we
recorded precise and long diffusion trajectories of single lipid molecules in
raft-containing supported lipid bilayers (DOPC/sphingomyelin/cholesterol,
40:40:20 mol ratios). Meanwhile, the micron-sized raft domains in the mem-
brane were observed in fluorescence by adding a trace amount of dye-labeled
DOPE that marks the non-raft regions. By correlating the detailed trajectories
of single probe lipids recorded at high-speed to the corresponding fluorescence
image that contours the raft domains, we reveal how a lipid molecule goes
across the raft boundary and how its diffusion characteristics changes due to
the raft domains with unprecedented clarity.
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Nature and Size of Ganglioside GM1 Nano-Domains in Lipid Bilayers as
Revealed by Advanced Time-Resolved Fluorescence Techniques
Radek Sachl1, Mariana Amaro1, Alena Koukalova1, Gockan Aydogan1,
Ilya Mikhalyov2, Jana Humpolickova1, Martin Hof1.
1Biophysical Chemistry, J. Heyrovsky Institute of Physical Chemistry,
Prague, Czech Republic, 2Bioorganic Chemistry, Shemyakin- Ovchinnikov
Institute, Moscow, Russian Federation.
Ganglioside GM1 molecules exhibit receptor or co-receptor activity in cell
communication and signaling phenomena. Due to their bulky sugar headgroup,
GM1molecules introduce substantial disorder to the lipid bilayer, which results
in formation of lipid domains with unique molecular organization. Although
the domain sizes are far beyond the diffraction limit of an optical microscope,
the domain’s size and nature can still be determined by newly (2011) developed
technique which combines Förster resonance energy transfer with Monte Carlo
simulations (FRET-MC). The technique is based on the measurement and anal-
ysis of time-resolved fluorescence decays of fluorescent probes that are
quenched by FRET in the lipid bilayer. The resolution of this method is theo-
retically not limited as long as the fluorescence signal changes with decreasing
domain size.
In this study, domain sizes and their nature have been investigated as a func-
tion of the GM1, cholesterol, sphingomyelin and cholera toxin (CTxB) con-
centration, the last one being one of the well known ligands for GM1.
Domains with a radius of 8 nm and occupying 40 % of the entire bilayer sur-
face have been observed in pure DOPC and DOPC/cholesterol mixtures with
1-4 % of GM1. These domains have liquid-disordered character and become
ordered after binding of cholera toxin. The domain size and/or character are
changed by addition of sphingomyelin and CTxB. We show that sphingomye-
lin is, at least what concerns the domain formation, able to substitute the role
of GM1.
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Transient Effect of Calcium Influx on PIP2 Clusters and Cholesterol-
Stabilized Nano-Domains in the Inner Plasma Membrane Leaflet of Intact
Cells
Weixiang Jin, Arnd Pralle.
Physics, University at Buffalo, Buffalo, NY, USA.
When calcium ion channels open, local calcium levels are estimated to reach up
to 500uM, which may be sufficient to affect negatively charged lipids, such as
phosphatidylinositol 4,5-bisphosphate (PIP2), in the inner leaflet of the plasma
membrane (PM). The PM is a complex lipid protein mixture in which at least
two mechanisms create lateral order: interactions between the acyl-chains of
the lipids, stabilized by Cholesterol, lead to transient submicroscopic nano-
domains, and lipid head-group interactions of charged lipids with divalent
ions may cluster lipids. Here, we study the influence of calcium on the forma-
tion of PIP2 clusters and cholesterol-stabilized nano-domains in intact cells. We
study changes of these domains over time and upon calcium channel activation
by analyzing diffusion of GFP-tagged inner-leaflet membrane proteins. Using
bimFCS, developed by us, we measure diffusion on multiple length scales
simultaneously to derive information about domains. To study the formation
of PIP2 clusters we use GFP-PHPLCdelta to directly mark PIP2, and as marker
for cholesterol-stabilized nano-domains, we use Lck-mGFP. We observe that
opening TRPV1 channels increases the interaction both between GFP-
PHPLCdelta and PIP2 domains, Lck-mGFP and cholesterol domains. The inter-
action between GFP-PHPLCdelta and PIP2 domains decreases to base lines
within 1-2 minutes, while the interaction of Lck-mGFP and cholesterol do-
mains takes another 2-3 minutes to decrease as the cell down-regulates the
intracellular calcium level after stimulation. To control for large scale
signaling, we image the membrane cytoskeleton using mCherry-alpha-
actinin, and use GT46-GFP to mark transmembrane domains. These results
suggest a concentration dependence of calcium-induced PIP2 clusters and
cholesterol-stabilized nano-domains in the PM at calcium levels, which may
be reached in intact cells locally by opening of ion channels.
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Membrane Cytoskeletal Changes during In-Situ to Invasive Progression
of Breast Cancer Cells Observed by Multi-Scale Diffusion Analysis of
Transmembrane Proteins
Muhammed F. Simsek, Arnd Pralle.
Physics, University at Buffalo, Buffalo, NY, USA.
When cells change from stationary growth to migration stage, such as during
the epithelial to mesenchymal transition (EMT), it is expected that their me-
chanics change as well as the membrane - cytoskeleton interactions. Such
changes are thought to occur during the differentiation of cancers to more
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invasive types [Choi et al 2013, Human Pathology], during normal develop-
ment of a tissue, or wound-healing.
We show how change of membrane cytoskeletal features can be quantified in
single cells, by measuring the diffusion of fluorescently tagged transmembrane
(TM) proteins level using camera-based FCS (bimFCS) technique. Data is
analyzed in two populations of diffusion states: fast, in between cytoskeleton
fences, and slow, due to hopping effect over them. Our technique makes quan-
tification of average fence spacing and the protein-fence interaction strength
possible for the ROI observed.
Using bimFCS, we analyzed the diffusion behavior of TM proteins in TM12
(epithelial) and TM12T (mesenchymal) breast cancer cell membranes. Cyto-
skeletal features (average fence spacing, protein-fence interaction strength)
of invasive type TM12T cells show clear differences from the ones of in situ
type TM12 cells.
We also observed changes during the EMT in single cell level, after wound
simulating scratches by pipette-tip. Over a period of 24 hours wound-healing
experiment on stage, at physiological temperature, we observed critical
changes of cytoskeletal features by comparing the slow and fast diffusion
coefficients for differentiating TM12 cells during the process.
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‘In vivo in Silico’: Effects of Membrane Complexity on Protein-Lipid
Interactions, Lipid Nano-Domains and Curvature
Heidi Koldsø, Mark S.P. Sansom.
Department of Biochemistry, University of Oxford, Oxford, United
Kingdom.
Advances in lipidomics reveal the compositional complexity of cell mem-
branes. These compositional complexities alter how the membrane interacts
with proteins and hence have the potential to control the functional behaviour
of proteins. It has become clear that the cell membrane does not only act as a
barrier but plays an important role in controlling the function of proteins
including the regulation of the epidermal growth factor receptor by the
glycolipid GM3 and cholesterol modulation of G-protein coupled receptors
(GPCRs).
Previous computational studies of membrane proteins have generally been
limited to simple single component symmetric membrane models. We have
developed an approach to create highly complex asymmetric biologically
relevant membrane models allowing us to obtain a better understanding of
membrane properties and enabling us to explore functionally important
protein-lipid interactions.
We explore properties of biological relevant membranes, such as nano-domain
formation by certain lipid types, and also more macroscopic properties such as
membrane undulation and curvature in relation to lipid species and lipid clus-
tering. Reaching system dimensions of > 100 nm allow us to explore mem-
brane dynamics on length scales comparable with experimental ones. Our
simulations indicate stabilization of curved areas by lipid nano-domains and
a correlation between composition and curvature.
We can start to explore the influence of the lipid bilayer environment on pro-
tein properties such as oligomerisation of GPCRs in an ‘‘in vivo in silico’’
approach in contrast to previous studies being limited to ‘‘in vitro in silico’’
models. We can explore the binding of drugs entering the protein binding
site from the membrane environment. Additionally we have moved even
further towards in vivo conditions by introducing a cytoskeleton mimic into
our large systems allowing us to explore the confinement this underlying
network provides.
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Morphological Modifications of the Early Secretory Pathway in Differen-
tiating Skeletal Muscle Cells
Emiliana Giacomello, Paolo Ronchi, Rainer Pepperkok.
CBB, European Molecular Biology Lab, Heidelberg, Germany.
Skeletal muscle (SKM) cells present a regular and striking arrangement of
organelles and membrane systems that is essential for their function. During
SKM differentiation, membrane systems as transverse (T) tubules, sarco-
plasmic reticulum (SR), and Calcium Release Units (CRUs) follow a highly
coordinated plan. In addition to remodeling processes, SKM cell differentiation
involves synthesis and transport of proteins addressed to build up the contrac-
tile apparatus, the SR and the sarcolemma. This process most probably requires
an important involvement of early secretory pathway components as endo-
plasmic reticulum (ER), ER exit sites (ERES), Golgi Complex (GC), and vesic-
ular traffic in general.
In terminally differentiated SKM cells, early secretory pathway components
are regularly arranged; the GC is organized fiber-type dependent and, formed
by small elements localized around the nucleus and in throughout all the fiber.
It has been shown that early secretory pathway components undergo a dramatic
reorganization during SKM cell differentiation resulting in the formation of
smaller GC elements that are strongly associated to ERES. Whether GC reor-
ganization consists in fragmentation or ex-novo biogenesis is not known, and
whether its co-localization with ERES is the result of structural hindrance by
the myofibrils and membrane systems, or depends on interaction mechanisms
has not been explained.
The present work aims at better understanding how GC and ERES achieve
their mature structure, what is their role during SKM differentiation, and
whether morphological modifications are followed by alterations of mem-
brane traffic efficiency. Therefore we investigated the processes underlying
the morphological modifications of the secretory pathway structures as
CG and ERES during SKM differentiation by applying live imaging
techniques.
We report preliminary data on the morphological modifications occurring to
GC and ERES in differentiated C2C12 cells.

407-Pos Board B187
Phase Transition and Formation of Transmembrane Pore in Stretched
Phospholipid Bilayer Including Cholesterol: Molecular Dynamics
Simulation
Taiki Shigematsu, Kenichiro Koshiyama, Shigeo Wada.
Mechanical Science & Bioengineering, Graduate School of Engineering
Science, Osaka University, Toyonaka, Osaka, Japan.
We perform molecular dynamics (MD) simulations of stretched phospholipid/
cholesterol bilayers to understand effects of cholesterol on the dynamics of
pore formation in the bilayer under mechanical stresses. The stretched
DPPC/cholesterol bilayers including 40 mol% cholesterol from the liquid-
ordered (LO) phase are simulated with constant NPzAT MD simulations by
applying various areal strains εA, defined by the increase ratio of the area
of the stretched bilayer to the un-stretched bilayer, until a pore forms (εA ~
1.4). From the visual inspection of snapshots obtained by MD simulations,
we found the dynamics of the pore formation can be divided into four stages.
In the first stage (0.0 % εA % 0.3), DPPC molecules become disordered
monotonically. In the second stage (0.3 < εA % 1.0), DPPC molecules of
the two monolayers start to interdigitate in a part of the bilayer and the order
of DPPC molecules are recovered slightly. This indicates the LO phase trans-
forms to the coexisting phase of LO and an interdigitated gel (LbI) like phases.
The region of the LbI-like phase grows with the increase of εA and dominates
near the upper limit of this stage. In the third stage (1.0 < εA % 1.2), DPPC
molecules in the LbI-like phase bilayer become disordered again, and in the
fourth stage (1.2 < εA % 1.4), a transmembrane pore forms. The critical areal
strain (~1.4), where the pore forms, for the DPPC/cholesterol bilayer is about
double of that reported for the pure DPPC bilayer previously, in qualitative
agreement with corresponding experimental data. We suspect the phase tran-
sition from LO to LbI-like phase is involved into the toughness of the DPPC/
cholesterol bilayer under mechanical stresses.
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Characterizing the Shiga Toxin-Receptor Interaction
Swati Venkat1, Mathias Lösche2, Adam D. Linstedt1.
1Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, USA,
2Physics, Carnegie Mellon University, Pittsburgh, PA, USA.
The Shiga toxin (Stx) secreted by Shigella dysenteria and the shigatoxigenic
group of Escherichia coli (STEC) causes over a million deaths annually and
poses a global health problem. Stx invades its host by binding to globotriao-
sylceramide (Gb3) at the cell surface. Once internalized, it is trafficked to the
Golgi via early endosomes, bypassing the late endosomes and lysosomes,
hence avoiding degradation. This sorting is mediated by its B subunit
(StxB) binding to the coiled-coil domain of GPP130, a host cell transmem-
brane protein that cycles constitutively between the endosomes and the
Golgi. However, this interaction is only poorly characterized, in particular
in context of membranes. Detailed characterization of this interaction is
expected to offer new targets for therapeutic intervention, aiding rational
drug design. Here we report the development of a physiologically relevant
in vitro assay that uses sparsely tethered bilayer lipid membranes (stBLMs)
to enable studies of the toxin-receptor interaction. To mimic the transmem-
brane receptor, we anchored hexa-histidine tagged GPP13036-247, comprising
the coiled-coil domain of full-length GPP130, on stBLM surfaces via conju-
gation to Ni2þ-presenting NTA lipids. We are thus able to establish a signif-
icant membrane surface density of His-GPP13036-247 that can be used to
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