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of the phospholipid bilayer. Recent reports have found that a-syn induces
membrane tubulation in vesicles containing anionic lipids, especially POPG
(1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-(1’ rac-glycerol)). Interaction
with negatively charged lipids and the formation of a-helix structure by
a-syn are proposed to be important factors. Unexpectedly, we found that
POPC (1-palmitoyl-2-stearoyl-sn-glycero-3-phosphocholine) vesicles of aver-
age diameter 100 nm are remodeled rapidly (~ seconds) into tube-like struc-
tures by a-syn as visualized by negative staining transmission electron
microscopy (TEM). Even in the presence of low amounts of a-syn (250 nM);
tubules were clearly observed by TEM under a wide variety of lipid-to-
protein ratios. Moreover, tubulation competes with a-syn amyloid formation.
These results appear to contradict the current hypothesis for membrane curva-
ture generation mechanism which involves the formation of amphipathic heli-
cal structure upon membrane association as secondary structure changes of
a-syn in the presence of POPC vesicles are undetectable by circular dichroism
spectroscopy. Other techniques including nuclear magnetic resonance and
fluorescence spectroscopies are currently being employed to map the specific
interacting region in order to unravel this apparent paradox.
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In vivo studies have reported preferential partitioning of Ras GTPases into
ordered lipid-protein membrane domains, a process believed to regulate both
cellular signaling and protein trafficking.1 However studies in vitro have failed
to quantify a preferential partitioning of full length Ras proteins into the liquid
ordered phase2,3 and thus a biophysically validated mechanism for in vivo
sorting of Ras is still missing. We recently showed that lipidated proteins local-
ize to highly curved membranes in vitro.4 Here we study both in vitro and
in vivo whether recruitment by membrane curvature can sort full length
lipid-anchored Ras.
We employ a single vesicle fluorescence based assay to quantify in vitro the
sorting by membrane curvature of full-length Ras proteins. We demonstrate
a more than 50 fold increase in protein density on membranes of high curvature
as compared to the density on flat membranes. To test for recruitment by mem-
brane curvature in vivowe utilize hypo-osmotic swelling of cells, which flattens
curved membrane regions. By measuring the local protein density using
FRET,5 we detect a significant reduction in the clustering of Ras and other lipi-
dated proteins upon membrane flattening. This demonstrates that recruitment
by membrane curvature can sort Ras and potentially other lipidated proteins
in cellular membranes. Furthermore sorting by membrane curvature constitutes
the first biophysical sorting mechanism for Ras validated by both in vitro and
in vivo measurements.
1 Hancock, J. F. Nat. Rev. Mol. Cell Biol.4 (2003).
2 Johnson, S. A. et al.Biochim. Biophys. Acta - Biomembranes1798 (2010).
3 Nicolini, C. et al.J. Am. Chem. Soc.128 (2006).
4 Hatzakis, N. S. et al.Nat. Chem. Biol.5 (2009).
5 Kohnke, M. et al.Chem. Biol.19 (2012).
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The infection process for enveloped viruses begins with the attachment of
viruses to the host cell surface, followed by the fusion of the viral membrane
with the host membrane. For Influenza, attachment and fusion are mediated
by a single protein, hemagglutinin (HA), anchored in the viral membrane. Suc-
cessful virus attachment to the host cell hinges on several factors such as the
chemical affinity of HA to sialic acid (SA) receptors, polyvalent binding, and
binding site accessibility. To characterize binding kinetics of influenza X31
(H3N2), total internal reflection microscopy is used to observe dye-labeled vi-
ruses interacting with SA receptors embedded in a supported lipid bilayer. An
important advantage of the single-particle binding assay is that it can extract the
binding and unbinding times of individual viruses, which are needed to deter-
mine the binding residence time distribution and binding rate constant (kon).
The binding residence time distribution is used to characterize the binding
affinity of HA to SA and binding avidity of a virus to several SA receptors.
Meanwhile, the binding rate constant is used to quantify the accessibility of
HA to SA.
In this work, we examine influenza binding to several types of glycolipids. The
glycolipids are GM3, GM1, and GD1a, which all have the alpha 2-3 linked
sialic acid group but with varying peripheral glycan structures. Results show
that the binding rate is the greatest for GD1a, followed by GM3 and then
GM1. The binding residence time data, however, shows little difference
between the three receptors. We will discuss possible rationales for these obser-
vations, while demonstrating the utility of the single particle assay as a conve-
nient tool for studying binding kinetics.
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Picornaviruses hijack host membranes to create an organelle that serves as the
site of viral genome replication. This virus-induced organelle can be observed
by EM at a time when viral RNA is accumulating exponentially and infectious
virus can be isolated. Proteins encoded by the P2-region of the genome have
been thought to be necessary and sufficient for transformation of intracellular
membranes into a compartment for viral replication. However, there is increas-
ing evidence that proteins encoded by the P3-region serve important roles in
formation of the replication organelle. We have made the unexpected observa-
tion that the poliovirus (PV) protease and RNA-binding protein, 3CD, contrib-
utes to formation of the replication organelle and is needed for this organelle to
efficiently transfer replicated genomes from the site of synthesis into capsids.
The role of 3CD in formation of the replication organelle is concentration
dependent and can be complemented in trans, suggesting an interaction of
3CD with a host factor. Recently, the Altan-Bonnet lab showed that
phosphatidylinositol-4-phosphate (PI4P) increases in abundance during picor-
navirus infection and localizes to the replication organelle. How a lipid contrib-
utes to formation and/or function of the replication organelle remains to be
elucidated. We have now shown that ectopic expression of 3CD is sufficient
to alter the localization and increase the abundance of PI4P lipids in cells. In
addition, our biochemical, biophysical and computational experiments support
the conclusion that PV 3CD is a phosphoinositide-binding protein. We are cur-
rently pursuing the hypothesis that 3CD is recruited to virus-induced mem-
branes containing PI4P and that the level of 3CD and 3CD-3CD interactions
leads to formation of the replication organelle and the large vesicular clusters
observed in cells infected by PV. We suggest these large vesicular clusters may
be required for virus assembly.
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Jordi Gomez Llobregat, Åke Wieslander, Martin Linden.
Stockholm University, Stockholm, Sweden.
Over-expression of the foreign monotopic glycosyltransferase MGS in Escher-
ichia coli triggers the formation of a large amount of internal vesicles (J. Biol.
Chem. 284:33904, 2009). This phenomenon seems to be directly related with
the interactions between the protein and the inner membrane lipids. It has
been shown that this massive vesiculation process is not induced by the enzy-
matic activity of the protein, but rather due to the structural and mechanical
properties of MGS. In this work we study the specific interactions of MGS
with the lipid membrane and we unveil the biophysical mechanisms that lead
to the massive formation of internal vesicles in E. coli.
We use both molecular dynamics (MD) simulations and analytical modeling to
understand the molecular basis for this phenomenon and the relative impor-
tance of various potential driving forces that may induce membrane deforma-
tions, such as lipid-protein interactions and protein crowding. First we studied
the specific interactions between a single MGS and the lipid membrane. By us-
ing MD simulations we show that the N-domain (of the double Rossmann fold)
has a leading role in modulating the bonds with the lipid bilayer, and that the
connection between MGS and lipidic membranes is modulated by both hydro-
phobic and electrostatic interactions. These conclusions are in perfect agree-
ment with chemical experiments run in parallel.
Furthermore, we are using coarse-grained MD simulations to study the effects
of asymmetric crowding and determine how several MGS molecules bound to
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