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scientists come to appreciate a prominent role for inflammation in atheroscle-
rosis. This work is devoted to the construction of a model of formation of
lesions of earliest type arising in atherosclerosis. We consider that the inflam-
matory process starts with the penetration of Low Density. Lipoproteins choles-
terol in the intima. This phenomenon is related to the local blood flow dynam-
ics. The blood flow is simulated by the Navier-Stokes equations, together with
the continuity equation. LDL transport in lumen of the vessel is modelled with
convective-diffusion equation, and inflammatory process is solved with three
additional reaction-diffusion partial differential equations. The plaque growing
is modeled by Stokes equation [1], [2] and [3]. The input data for the flow
waveforms are taken from MR phase contrast flow measurements of the patient.
The computed results show velocity profiles, shear stress distribution and LDL
distribution in blood lumen [2] and [3]. Computed concentration oxidized LDL,
macrophages and cytokines indicate that there is a newly formed matter in the
intima, especially in the flow separation region of LAD during most of the di-
astole. In summary, full model of plaque formation and development, coupled
with blood flow and LDL concentration in blood, is created.
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Signaling by the erbB family of transmembrane tyrosine kinase receptors con-
trols many cellular pathways, including growth and differentiation, while dys-
regulation of erbB signaling is a hallmark of many cancers. To understand how
receptor interactions regulate signaling, we have developed new multi-color
single molecule tracking and analysis techniques. Diffusion and dimerization
of erbB1 receptors on live cells were monitored with single particle tracking
by using antibody fragments or ligand probes coupled to quantum dots
(QDs). As a probe for resting receptors, we used a non-activating, non-compet-
ing, monovalent fragment of an anti-erbB1 heavy-chain only antibody (VhH).
To track activated receptors, QDs conjugated to EGF ligand were employed.
Dimer lifetimes were determined from two-color single particle trajectories us-
ing a modified Diffusive Hidden Markov Model. This analytic two-state (bound
and free) model uses the two-color QD trajectories to find bound states and
quantify the dimerization lifetime using a global estimation over many trajec-
tories. We capture the behavior of erbB1 receptors diffusing on the surface of
live A431 cells, including the formation of long-lived dimers between two
EGF-QD-erbB1 complexes. Treatment with PD153035, a specific inhibitor
of erbB1 tyrosine kinase activity, increases receptor diffusion rate and reduces
the lifetime of erbB1 homodimers, suggesting a role for the active kinase do-
main in formation of stable dimers. These results demonstrate the capabilities
of innovative imaging and analysis approaches to measure protein-protein
interaction kinetics in real time.

2582-Pos

Quantum-Dot, Magnetic Particle and Expression-Probe Based Sensing of
erbB Protein Dynamics and Development of Tumor Diagnostics

Donna J. Arndt-Jovin!, Atul A. Bharde!, Michelle G. Botelho!,

Sven R. Kantelhardt2, Wouter Caarls!, Thomas M. Jovin!.

"Max Planck Institute for Biophysical Chemistry, Goettingen, Germany,
2George August University Medical School, Goettingen, Germany.

The bright fluorescence emission and resistance 1o pholobleaching make
uanium dots (Q0s) el for single-parics detection and psmit imaging over

prolonged time periods. Because of these advantages, we have used
combination with expression probes and advanced microscopy techniques \u
investigae he protein dynanice of brosine knase reospons i Vo and in viro
11.2). A new class of nanoparicle actuators has been devised that we denote
magnetic swiiches LMS] Trase swiches are superparamAgnet ion cxice
tors that serve as.

magne acustors Uncoupiing oigomerization and igand bi

jon of the erbB receptor tyrosine kinases. tR’TKs pLis ) induced
by e arracanite binding of peplide igands Wiggers signaiing cascades
responsible for cellular md\mly cell division, and differentiation. We have
genefically tagged the ErbB proleins wilh the acyl camier protein (ACF)
sequence. QDs have e urgsmd 0 raceptars an the extemal cell surface via
the growth factor receptor, EGF, or by covalently li hnq 10 the ACP tag allowing
the visualization in living mlls of individual receplors, the diffusion of which has.
been determined on different cell types. We have aiso used them to detect
dmezaon eceptr recycing snd edotamal rafic

performed on erbB RTKs has led to the appiication of

ergetec Gi0s 2 magnatl. Nbe o lsinuiah loblesions fumors bom Peathy
brain ssue [4]. These probes can distinguish both high grade and law grade
fumors, the latter of which show no contrast by MRI nor take up probes such as
4-ALA. These torgeted nanopariicies have great promise for faciitating the
sccurate resection of the tumar (ncluding small cellular foci) with minimal loss of
normal brain tissue.

[1) Lidke_t al J Cell Biol, 170:619 (2005

Iz Hagen st sl Singe Moiaculs Dynamic’ 117 (2000)
et al submitted (2009)

|-| Amdt-Jovin et al [EEE Trans NanoBios 8:65 (2000)

Endoplasmic Reticulum & Protein Trafficking

2583-Pos

Geometric Curvature Sensing of Alpha-Helical Proteins

Andrew F. Loftus, Isaac Settles, Raghuveer Parthasarathy.

University of Oregon, Eugene, OR, USA.

Understanding how specific proteins are recruited to membranes is crucial to un-
derstanding key biological functions. Membrane curvature sensing is increas-
ingly recognized as a powerful means for guiding protein localization, coupling
protein binding to the local membrane geometry. The mechanisms underlying
curvature sensing remain poorly quantified, however. We focus on the two cur-
vature-associated proteins that share an amphipathic alpha-helical structure. The
first, SpoVM, is a small (26 residue) protein from Bacillus subtillus that has re-
cently been shown to preferentially bind to convex surfaces [K.S. Ramamurthy
et al., Science 323: 1354 (2009)]. The second is the 23 amino acid N-terminal
helical domain of Sarl, which initiates the assembly of COPII coated vesicles
at the endoplasmic reticulum and which recent work [Parthasarthy Lab, unpub-
lished] has shown to dramatically alter membrane rigidity. Using both microfab-
ricated surfaces that present controlled curvatures to the proteins and optical-trap
based assays involving dynamic membrane deformation, we quantify the curva-
ture dependence of the membrane binding affinity of these structurally similar
yet functionally disparate proteins.
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Intracellular cargo trafficking involves dramatic changes in membrane shape,
the mechanics of which remain poorly understood. We focus on Sarl, the
key regulator of the coat protein complex II (COPII) family that ferries newly
synthesized proteins from the endoplasmic reticulum (ER), and the only mem-
ber of the COPII coat that interacts directly with the ER lipid bilayer mem-
brane. To investigate whether Sarl has a role beyond merely localizing the
other COPII proteins, we directly measure the force involved in membrane
deformation as a function of its concentration, using optically trapped micro-
spheres to pull tethers from in vitro lipid membranes whose composition and
large surface area mimic the composition and geometry of the ER. We find
that Sarl lowers the rigidity (bending
modulus) of lipid membranes to
nearly zero in a concentration-depen-
dent manner. Moreover, Sarl lacking
its N-terminal amphipathic helix in-
duces negative (concave) spontane-
ous membrane curvature. These re-
sults reveal a paradigm-altering
insight into COPII trafficking: Sarl
actively alters the material properties
of the membranes it binds to, lower-
ing the energetic cost of curvature
generation.
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Targeting of newly synthesized membrane proteins to the endoplasmic reticu-
lum is an essential cellular process. Most membrane proteins are recognized
and targeted co-translationally by the signal recognition particle. However,
nearly 5% of membrane proteins are ‘tail-anchored’ (TA) by a single C-termi-
nal transmembrane domain that cannot access the co-translational pathway.
Instead, TA proteins are targeted post-translationally by a conserved ATPase
termed Get3. The mechanistic basis for TA protein recognition or targeting
by Get3 is not known. Here we present crystal structures of Get3 in ’open’
(nucleotide-free) and ‘closed’ (ADPeAlF4-bound) dimer states. In the closed
state, the dimer interface of Get3 contains an enormous hydrophobic groove
implicated by mutational analyses in TA protein binding. In the open state,
Get3 undergoes a dramatic rearrangement that disrupts the groove and shields
its hydrophobic surfaces. These data provide a molecular mechanism for nucle-
otide-regulated binding and release of TA proteins during their membrane
targeting by Get3.
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