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in space and in time. Post-imaging analysis of Lck trajectories made it possible
for us to detect key characteristics of Lck dynamics over the T cell membrane,
such as changes in its confinement states. We show how different Lck mutants,
corresponding to different conformations, at the two T cell activation states
(resting vs. activated) result in differences in Lck confinement.
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Domain Interfaces Facilitate Protein Association and Aggregation in
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Model lipid bilayers that mimic the lateral heterogeneity observed in biological
membranes are increasingly used to probe protein assembly, cellular signaling,
vesicle fusion, and membrane protein activity. Consensus is yet to emerge on
the driving forces of protein co-localization in domain separated membranes.
Difficulty in locating domain boundaries and accurate predictions of their
contribution to free energy presents further challenges. Employing coarse-
grained molecular dynamics simulations of multicomponent lipid membranes
with multiple copies of transmembrane proteins, we investigate protein migra-
tion and local membrane properties such as membrane curvature and thickness
that drives these processes. We report that proteins predominantly migrate to
the interface between ordered and disordered stripe domains and stabilizes
the interface by reducing domain interface free energies by 40%-50% via a
new interface detection algorithm.
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Siewert J. Marrink1.
1University of Groningen, Groningen, Netherlands, 2University of Campinas,
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Toll-like receptors 4 (TLR4) are transmembrane proteins of the innate im-
mune system responsible for recognizing lipopolysaccharides (LPS), essential
components of the Gram-negative bacteria outer membrane. The association
of LPS to TLR4 promotes its migration to cell membrane rafts and its homo-
dimerization, which triggers an inflammatory response. Given its role in the
innate immune system, TLR4 is an important target in drug development,
especially for the treatment of infections and acute inflammations such as
sepsis. In the last years, in vitro and in vivo experiments demonstrated that
dietary saturated fatty acids (SFAs) can also activate TLR4, linking obesity
and inflammation. Conversely, polyunsaturated fatty acids (PUFAs) have
showed anti-inflammatory properties and can inhibit TLR4 activation by
LPS. The molecular reasons underlying TLR4 trafficking between the mem-
brane microdomains and also the agonist/antagonist action of SFAs and
PUFAs are largely unknown. In this study, we applied MARTINI coarse
grained molecular dynamics (MD) simulations to study the influence of
SFAs, PUFAs and LPS on the TLR4 partitioning between liquid-order (Lo)
and liquid-disorder (Ld) phases of a raft membrane model. In agreement
with existing experimental data, our simulations indicate that LPS and fatty
acids influence the partitioning of the TLR4 transmembrane domain: SFAs
and LPS induce the recruitment into the Lo phase while PUFAs keep the pro-
tein in the Ld phase. Our results provide insights into the driving forces un-
derlying this sorting mechanism. Furthermore, our simulations reveal that
TLR4 phase location affects its orientation in the membrane with a direct
impact on the possible dimerization binding modes.
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Diffusion of membrane proteins and other biomolecules in lipid membranes
play a pivotal role in almost all the aspects of cellular signaling. For this
reason, various tools have been developed for diffusion measurement
including Fluorescence Recovery After Photobleaching (FRAP). Although
FRAP was invented in the 1970s, it has remained strong and evolved into
an indispensable biophysical tool tracking cellular organelles, proteins, and
molecules not only in the cell membranes but also in the cyto-/nucleo-plasms
in a spatio-temporal manner. Due to complex cellular environments, biolog-
ical diffusion is often correlated over time and described by a time dependent
diffusion coefficient, D(t) althogh the underlying mechanisms have not
been fully understood. Since D(t) potentially provided important information
of cellular structures and proteins’ transporting mechanisms, many efforts
have been made to quantify D(t) by FRAP assuming the single power law
D(t)=Gta�1. However, currently straightforward approaches to quantify a gen-
eral form of D(t) are lacking to our knowledge. In this study, we develop a
novel mathematical and computational framework to compute the mean
square displacement of diffusing molecules and a diffusion coefficient D(t)
from each individual time point of confocal FRAP data without the single
power law assumption. Additionally, we developed an auxiliary equation
for D(t) which can distinguish normal diffusion and single power law anom-
alous diffusion from other types of anomalous diffusion directly from FRAP
data points. Importantly, by applying this approach to FRAP data of a varity
of mambrane proteins and a lipid probe, we demonstrate that the signle power
assuption is not enough to describe various types of D(t) of membrane
proteins.
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Tetraspanins are small membrane proteins (200 – 350 amino acids), that span
the plasma membrane four times. They are involved in key biological processes
such as cell migration, fusion and signaling events by functioning as organizers
of the cell membrane and are widely and abundantly expressed in different cell
types. To date, there are 34 known proteins of the Tetraspanin superfamily in
mammals, referred to as Tspan 1 – 34. The most characteristic feature of the
members of the Tetraspanin family is their ability to interact laterally with mul-
tiple partner proteins and with each other to form the so called TEMs (Tetraspa-
nin enriched microdomains). However, little is known about the assembly of
TEMs and the molecular interactions between Tetraspanins themselves and
with their partner proteins. In this study, we utilize the Fully Quantified Spec-
tral Imaging method (FSI) to investigate molecular interactions of fluorescent
protein-tagged Tspan8 in live cells.
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Eph receptors are the largest family of receptor tyrosine kinases (RTKs). The
activation of Eph receptors are involved in neural development, tissue
patterning and vascular growth. Earlier structural studies have revealed the de-
tails of multiple dimerization/clustering interfaces in the extra cellular domain
(ECD). These findings lead to the prediction of pre-clustering of Eph receptors
prior to ligand-binding. Recently, we developed a new membrane protein con-
trol system and a mathematical model for live cell PIE-FCCS experiment,
which allows more quantitative measurements of the oligomerization states
of membrane proteins. Using this PIE-FCCS method, we measure the oligo-
merization degree of EphA2 receptors in live cells. Our data support the pre-
dicted pre-clustering of EphA2. The contribution of the reported ECD
interfaces in the oligomerization of EphA2 is also investigated both prior and
after ligand-binding. Comparing to the detailed structural knowledge of the
ECD, there is only limited knowledge on the intracellular domain (ICD). In
our previous study, we reported that the SAM domain of EphA2 inhibits the
oligomerization and activity of the receptor. In this study, we investigated
the oligomerization state and activity of isolated ICD constructs in live cell
membranes. By deciding the oligomerization states of different ICD constructs,
we discovered a functional kinase-kinase interaction. In addition, we also iden-
tified two residues in the SAM domain which are closely related to its inhibitory
function. The mutation of these two residues led to the attenuation of the inhi-
bition of oligomerization and activity in both ICD constructs and full length re-
ceptors. Together, our work demonstrates the different spatial arrangement of
EphA2 compared to other RTKs and provides new molecular details that
decode the working mechanism of EphA2.
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Plexins and semaphorins are a large family of secreted and membrane bound
signaling proteins, all with a conserved Sema domain. Broad expression across
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