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human tumors. Ras signaling is highly compartmentalized to the plasma mem-
brane (PM), making their trafficking critical to their biological function. Ras
trafficking is still poorly understood. Ras C-termini are lipid-modified, which
potentially allows direct sensing and modulation of PM curvature, a key ultra-
structural event in membrane trafficking.
We measured Ras lateral oligomerization, an essential step in Ras signaling, on
giant plasma membrane vesicles (GPMVs) using fluorescence lifetime imag-
ing-fluorescence resonance energy transfer (FLIM-FRET). Nanometer-scaled
membrane curvature changes in the form of thermal undulations were manip-
ulated via altering osmotic pressure. Hypotonic conditions disrupted local
clustering of H-Ras anchor but enhanced K-Ras oligomerization, suggesting
that H-Ras favors curved membrane and conversely for K-Ras. Super resolu-
tion electron microscopy-spatial mapping was used to quantify the lateral
oligomerization of Ras on intact cell PM. Expression of positive curvature-
inducing amphiphysin 2 BAR domain (BARamph2) enhanced H-Ras lateral
oligomerization, but disrupted K-Ras oligomerization. On the other hand, ex-
pressing negative curvature-inducing IRS53p BAR domain (BARIRS53p) almost
completely abolished H-Ras oligomerization, while having little effect on
K-Ras. EM-bivariate co-localization analysis shows that H- or K-Ras co-local-
ized extensively with both BAR domains. This was correlated with elevated
mitogenic signaling (preferentially regulated by K-Ras) but diminished PI3K
signaling (preferentially regulated by H-Ras) when exposed to hypotonic me-
dium. Atomic force microscopy shows that expressing H-Ras anchor induced
more PM protrusions and decreased the elastic Young’s modulus of apical
PM of live kidney cells, suggesting that H-Ras anchor induces PM curvature.
Our data suggest that Ras senses and modulates membrane curvature in an iso-
form-specific manner.
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Addressing selectivity of Phospholipases A2 (PLA2) towards phospholipids is
crucial for defining the structural features contributing to molecular recogni-
tion between enzyme and substrate. This is fundamental to understanding
enzyme-substrate binding and interactions. PLA2 enzymes are the upstream
regulators of the eicosanoid pathway liberating arachidonic acid (AA). The
liberation of AA sets off a cascade of molecular events that involves down-
stream regulators such as cyclooxygenase (COX) and lipoxygenase (LOX),
leading to inflammation (Nat. Rev. Immunol. 2015, 15, 511-523). Aspirin
and other nonsteroidal anti-inflammatory drugs (NSAIDs) work by inhibiting
COX and LOX which rely on PLA2 enzymes to provide them with AA.
Therefore, PLA2 enzymes could potentially also be targeted to diminish
inflammation at an earlier stage in the process. This study focuses on three
human PLA2 enzymes: the cytosolic (cPLA2), calcium-independent (iPLA2)
and lipoprotein-associated (Lp-PLA2). A lipidomics high-throughput assay
was developed allowing us to define unique specificity of PLA2s towards a
wide variety of phospholipids. Hydrogen/deuterium (H/D) exchange mass
spectrometry was used to experimentally identify distinct peptide regions
that interact with phospholipid vesicles. Molecular dynamics simulations,
guided by H/D exchange data, showed that the active sites of these enzymes
are allosterically regulated by membranes. Membrane phospholipids bind to
allosteric sites located on the interfacial surface of PLA2s shifting their
conformation from the ‘‘closed’’ to the ‘‘open’’ state (PNAS 2015, 112,
E516-E525). This process facilitates extraction and binding of a phospholipid
molecule into the active site. Similar methods were employed to understand
the association mechanism of the interfacial surface with the membrane
bilayer. This constitutes the first detailed study revealing that the formation
of amphipathic helices into the membrane play a significant role in the recruit-
ment of unique hydrophobic binding pockets promoting substrate specificity
of PLA2s.
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The intramembrane aspartyl protease g-secretase is mostly known for its
assumed role in the development of familial Alzheimer’s disease (FAD). Be-
ing a hetero-tetramer, it consists of four different proteins: presenilin-1 (PS1),
nicastrin, APH-1 and PEN-2. The catalytic center of this complex is located
deep within the hydrophobic region of presenilin where it cleaves single-
pass transmembrane proteins. The most investigated substrate of g-secretase
is the C-terminal fragment of the amyloid precursor protein (APP) C99, which
is cleaved at different positions by PS1. Among other peptides, C99 process-
ing results in ‘‘amyloid beta’’ (Ab) fragments of different lengths with the 40
(Ab40) and 42 (Ab42) amino acid long variants being the primary products.
Since they are known to aggregate and form fibrillar structures (the main com-
ponents of amyloid plaques, found in the brains of FAD patients) the Ab42
peptides have been heavily implicated in Alzheimer’s disease. In healthy pa-
tients, the production of Ab40 is favored but this balance can be shifted to-
wards Ab42 by a large number of known PS1 mutations. The exact
mechanism responsible for the formation of the different Ab fragments is still
unknown. To shed some light on the matter we conducted atomistic micro-
second time-scale molecular dynamics simulations of three different C99-
PS1 complexes, studying three different sites at which C99 is believed to
bind to PS1 and enter its catalytically active center. We uncovered that the
binding modes differ mainly in number of key protein ligand interactions
(with respect to known mutation sites), active site accessibility and PS1
conformation. Based on the available data we conclude that prior to cleavage,
C99 most likely binds to the cavity formed by the PS1 transmembrane do-
mains 2 3 and 5.
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Tight-junctions between epithelial cells are tissue-specific structures that regu-
late the flux of solutes across the barrier, parallel to cell walls. While it is known
that the tight-junction backbone is made of strands of proteins from the claudin
family, the molecular mechanism of its function is still unclear. Recently, the
crystal structure of a mammalian claudin-15 was reported, and a structural
model of claudin-15-based paracellular channels has been proposed. The model
suggests association of claudins in the same cell via cis interactions, and across
adjacent cells via trans interactions. Although very promising, the structure
represents only a static conformation, with missing residues in the extracellular
regions that might potentially cause steric clashes. Here, we present detailed
atomic models of paracellular architectures that we have generated starting
from the putative assembly and refined via structural modeling and molecular
dynamics simulations in double membrane bilayer and water environment. Our
results show that the configuration of the channel is overall stable. The mono-
mer-monomer cis interfaces are preserved via stable hydrogen bonds that were
predicted by cysteine crosslinking experiments. Extracellular residue loops in
trans interaction regulate the size of the pore, which displays a stationary radius
of 2.5-3.0 Å at the narrowest region. Finally, we employ the refined model to
perform Free Energy calculations of ions and small molecules diffusion
through the channel, in order to elucidate the mechanism of selective
permeability.
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Despite the widespread use of surfactants in the study and manipulation of
membrane proteins, an atomic-level perspective of the physical properties
that lead to membrane protein solvation remains relatively unknown. In addi-
tion, standard experimental biophysical approaches such as X-ray scattering
and NMR are inadequate for these studies because protein-surfactant systems
tend to possess a polydisperse size and shape profile. In this work, we have car-
ried out molecular dynamics (MD) simulations on proteomicelle complexes of
a model bacterial membrane protein, proteorhodopsin (PR), solvated with
either a mild detergent (n-dodecyl b-D-maltoside (DDM)) or a harsh detergent
(n-dodecylphosphocholine (DPC)). We observed that the helicity of PR and the
thickness of the micelles around PR do not differ significantly between two de-
tergents. However, DPC interacts with aqueous solvent more than DDM, leav-
ing PR solvent-exposed. As a result, PR undergoes significant structural
fluctuations in DPC, leading to an asymmetric proteomicelle shape. Increased
interactions of DPC with water molecules is confirmed by higher total head-
group-water interaction energies (including electrostatic, Van der Waals and
nonbonded). We conclude that the stabilization or destabilization effect of a
surfactant depends on detergent-solvent interactions more than detergent-pro-
tein interactions. Our findings help explain experimental observations indi-
cating that PR is more stable and can form ordered oligomers in DDM,
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