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that deform the underlying membrane by progressive recruitment of clathrin,
adaptors and other regulatory proteins. They ultimately close off and bud in-
ward to form coated vesicles. Coated plaques are larger, less sharply curved,
longer-lived structures; their clathrin lattices do not close off, but instead
move uniformly inward from the cell surface shortly before membrane fission.
Local remodeling of actin filaments is essential for the formation, inward
movement and dissolution of plaques, but it is not required for normal forma-
tion and budding of coated pits. We conclude that there are at least two distinct
modes of clathrin coat formation at the plasma membrane — classical coated pits
and coated plaques — and that these two assemblies interact quite differently
with other intracellular structures.
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The Language of Shape: Biological Reactions are Dramatically Affected by
the Shape of Lipid Membranes

Dimitrios Stamou.
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A plethora of biological process are taking place on the surface of lipid mem-
branes. As a rule membranes in vivo are curved in a variety of complex geom-
etries. Here I will present a quantitave study on the influence of membrane cur-
vature on protein-membrane and membrane-membrane interactions. To gain
systematic access to a continuum of membrane curvatures we immobilized li-
posomes on a surface at dilute densities. Using confocal fluorescence micros-
copy we imaged single liposomes of different size, and therefore different cur-
vature, and monitored their interaction with a binding partner (proteins or other
liposomes).

I will discuss unpublished data on two important classes of biomolecular inter-
actions that exhibited dramatic curvature dependence: A) SNARE-mediated
docking and fusion B) anchoring of peripheral proteins.

The following references provide partial information on the single-liposome as-
say:

B. Lohse et al., JACS. in press.

A. H. Kunding et al., Biophysical Journal. 2008. 95 (3).

S. M. Christensen and D. Stamou. Invited review Soft Matter, Cover Page Ar-
ticle. 2007. 3 (7)

D. Stamou et al. Angewandte Chem.-Int. Edition, Cover Page Article. 2003. 42
(45).
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Clathrin-mediated endocytosis (CME) in mammalian cells is critical for many
cellular processes including cell surface receptor down-regulation and nutrient
uptake. From analyses of protein interaction networks, the actin polymerization
machinery is a modular component within the endocytic interactome. However,
the precise role of actin in CME is still under debate. Live cell microscopy has
revealed a wide variation in the dynamics of clathrin-coated pits (CCPs). To
gain insight of the heterogeneity of CCP dynamics and how cortical actin might
influence this heterogeneity, we applied total internal reflection fluorescence
microscopy to live cells grown on micro-fabricated substrates patterned with
adhesive and non-adhesive regions. Cells on patterns showed overall longer
CCP lifetimes compared to cells on chemically uniform surfaces, possibly
the result of increased cortical tension. CCP lifetime distributions were also sig-
nificantly different between adhesive and non-adhesive regions. When the
structure of cortical actin is weakened by application of an actin monomer se-
questering drug latrunculin A (latA), we found that the CCP lifetimes were ho-
mogenized to the level of the non-adherent regions. The decrease in CCP life-
time on adherent regions suggests that cortical actin filaments act as barriers at
the adherent surface in CME.
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Membrane traffic relies on the preferential binding of protein domains to high
curvature areas. The BAR domain is a banana shaped a-helical homodimer
found in several proteins families that play a major role in endocytosis, actin
regulation and signaling.[1] It is shown to sense and/or induce lipid membrane
curvature by peripheral binding. While most attention have been aimed at cur-
vature induction[2], we investigate the molecular mechanism of curvature sens-
ing by performing a thorough study on the whole superfamily of BAR domain
proteins including NBARs, FBARs, IBARs. We compared the sensing proper-

ties of 9 different BAR proteins and also measured on numerous truncation or
point mutation variants.

We developed a high-throughput single liposome assay[3] to test the curvature
dependent binding properties of these BAR proteins. Fluorescence intensities
of immobilized vesicles allowed us to measure accurately their size/curvature
and the respective densities of BAR proteins. Combining selectivity curves
with the mutagenesis studies enabled us to evaluate the contribution of dimer
structure, electrostatics and helix insertion to membrane curvature sensing by
BAR domain proteins.

Our results prompt a thorough reevaluation of the membrane curvature sensing
mechanism of BAR domain proteins.

[1] McMahon, H. T. & Gallop, J. L. Membrane curvature and mechanisms of
dynamic cell membrane remodelling. Nature 438, 590-596 (2005).

[2] Frost A. et al. Structural Basis of Membrane Invagination by F-BAR do-
mains, Cell, 132, 807-817 (2008).

[3] Stamou, D., Duschl, C., Delamarche, E. & Vogel, H. Self-assembled micro-
arrays of attoliter molecular vessels. Angewandte Chemie-International Edi-
tion, Cover Page Article 42, 5580-5583 (2003).
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Internalization of extracellular cargo by eukaryotic cells via the clathrin-depen-
dent endocytosis (CDE) is an important regulatory process prominent in several
cellular functions. Subsequent to receptor activation, a sequence of molecular
events in CDE is responsible for the recruitment of various accessory proteins
such as AP-2, epsin, AP180, epsl5, dynamin, amphiphysin, endophilin, and
clathrin to the plasma membrane to orchestrate membrane vesiculation. While
the involvement of these proteins have been established and their roles in mem-
brane deformation, cargo recognition, and vesicle scission have been identified,
current conceptual understanding falls short of a mechanistic description of the
cooperativity and the bioenergetics of the underlying vesicle nucleation event
which we address here using theoretical models based on an elastic continuum
representation for the membrane and atomistic to coarse-grained representa-
tions for the proteins. We employ the surface evolution approach to describe
membrane geometries by minimizing the Helfrich Hamiltonian in a curvilinear
coordinate system and address how the energetics of vesicle formation in
a membrane is impacted by the presence of a growing clathrin coat. We con-
sider two limiting scenarios: (1) the clathrin assembly model in which the cla-
thrin coat induces membrane curvature by forming a curvilinear scaffold; (2)
the accessory curvature-inducing protein assembly model, in which the clathrin
lattice merely serves as a template to spatially pattern curvature inducing pro-
teins such as epsin which collectively induce membrane curvature. Analyzing
the energy required for vesicle formation from a planar bilayer, we demonstrate
the role of the CDE protein assembly in driving membrane vesiculation. Fur-
thermore, using a time-dependent Ginzburg-Landau formalism along with
the thermodynamic method of free energy perturbation, we calculate the free
energy the nucleated vesicle and quantify the finite-temperature corrections
to the energy landscape of vesicle nucleation in CDE.
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The morphological dynamics of the plasma membrane were visualized in bo-
vine adrenal chromaffin cells using polarized total internal reflection fluores-
cence microscopy (TIRFM). This method is based on monitoring the fluores-
cence of an oriented membrane probe (the carbocyanine dye, Dil) excited by
a polarized evanescent field created by TIR illumination. Dil has been shown
to embed in the membrane with its transition dipole moments nearly in the
plane of the membrane. Thus, by monitoring the pixel-by-pixel ratio of the
membrane-embedded Dil fluorescence excited by the two polarizations (p -
perpendicular to substrate; s - parallel to substrate) over time, regions of mem-
brane curvature are vividly highlighted. To relate the orientation of the mem-
brane with exocytosis, granules were labeled with the marker neuropeptide
(NPY) - cerulean. In response to high KCl depolarization, fusion of granules
coincided with 15-20% increases in Dil-membrane p/s values at locations of
NPY-Cer release. The p/s values then often declined over several seconds to
approximately pre-fusion levels. In other instances, the p/s values declined
more slowly providing evidence of longer-lasting membrane curvature. Some
granules were associated with areas of the membrane with increased curvature
(larger p/s values) prior to stimulation. These granules were significantly more


https://core.ac.uk/display/82703674?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

	Building A Replication Fork: Structural Synergy And Molecular Crosstalk Between Bacterial Initiators And Helicase Loaders
	Nucleosome Remodeling Complexes Increase Subnuclear Dynamics Of Chromatin In Yeast
	Visualization of Recombinational DNA Repair at the Single-Molecule Level
	Replisome Dynamics And Polymerase Exchanges Enable Forks To Cope With Various Obsticals
	Single Molecule Mechanics Of Myosin Motors Under Load
	Structure-Function Studies of Myosin Motor Domains
	The collective mechanics of myosin in muscle
	An Integrative Analysis of the Muscle Myosin Motor Using Genetic and Transgenic Tools
	Slow Correlated Movement of Structural Elements in Hemoglobin and Myoglobin
	Method to Characterize the Global Dynamics of Proteins by Temperature Dependent Phosphorescence Lifetime Measurements. Application for the Allosteric Effect in Hemoglobin
	Computational Methods for Predicting Sites of Functionally Important Dynamics
	Cyclophilin Dynamics and Catalysis are Mechanistically Linked
	Single Molecule Studies Of Ubiquitin Unfolding
	Simulation Of Signal Transduction In Model Multiprotein Systems
	Investigation of the Regulatory Mechanism of the ZAP-70 Immunological Signaling Enzyme
	All-atom Models For RNA And Proteins: Simulating Folding And Function
	Mechanical characterization of Protein L in the low-force regime by electromagnetic tweezers/evanescent nanometry
	Magnetic Tweezers Measurement of Single Molecule Torque
	A Novel Way To Combine Magnetic Tweezers and Fluorescence Microscopy For Single Molecule Studies
	First-principles Calculation Of DNA Looping In Tethered Particle Experiments
	Single Molecule Investigations of HSP70 Proteins
	Single-molecule Observations of Replisome Structure and Function
	Real-time DNA Synthesis Dynamics Of Single f29 DNA Polymerase Molecules With Base Pair Resolution
	Anchoring, Sliding, And Rolling: Visualizing The Three-dimensional Nano-motion And Orientation Of A Single Virus As It Diffuses On A Flat Membrane
	The Single Domain Hemoglobin From Campylobactor Jejuni: The Unique Structural Features Underlying Its NO Dioxygenase Activity
	Two distinct functional globin classes in Caenorhabditis elegans
	Peroxidase Activity Of Respiratory Proteins. The Role Of Protein Bound Free Radicals
	Archaeal Protoglobin Structures: Novel Ligand Diffusion Paths And Heme Reactivity Modulation
	Structural Probes Of Reactive Intermediates Of Dehaloperoxidase From Amphitrite ornata
	Structural Analysis of Hemoglobins and Myoglobins Using MD Simulations
	Auto-Oxidation of Human Hemoglobin and the Roles of Distal Heme Pocket Substitutions
	The Use Of Glassy Matrices To Identify Intermediates In The Nitric Oxide Dioxygenase Reaction Of Hemoglobins And Myoglobins
	Isoform-specific Regulation Of The Ca-sensitive Transcription Factor NFAT In The Cardiovascular System
	Alterations In Binding Properties Of Myocardial Nuclear Membrane Receptors Induce Nuclear Calcium Overload In Rat Ischemia-reperfusion
	ATP-evoked Ca2plusmnwaves Stimulate Gene Expression In Human Airway Fibroblasts
	Store-operated Ca2+ Entry Is Suppressed During Mitosis Due To Phosphorylation Of The Endoplasmic Reticulum Ca2+ Sensor Stim1
	Heteromeric channel assembly of Orai1 and Orai3 exhibits altered Ca2+ selectivity
	Fast Ca2+ Dependent Inactivation Of CRAC Channels Requires A Cytosolic Region Of STIM1
	Differential Modulation of Type-1, Type-2 and Type-3 Inositol (1,4,5)-Trisphosphate Receptors by ATP
	Functional Stoichiometry Of The Unitary Calcium-release-activated Calcium Channel Revealed By Single-molecule Imaging
	Disruption Of Interactions Between AKAP79/150 And KCNQ K+ Channels By Ca2+/Calmodulin Observed Using TIRF/FRET
	Are Voltage-gated Potassium (Kv) Channels Recruited Into Lipid Rafts In Mammalian Brain Neurons?
	Stim-regulated Assembly And Stoichiometry Of The CRAC Channel Subunit Orai
	Protein Histidine Phosphatase 1 Negatively Regulates CD4 T Cells by Inhibiting the K+ Channel KCa3.1
	Targeting The Voltage Sensor of Kv7 channels: Novel Strategies to Cure Hyperexcitability Disorders
	Regulation of the NALCN Sodium Leak Channel by Neuropeptides
	Role of Aromatic Residues for Local Anaesthetic Binding to Ion Channels
	A Regulator for Eag Family Channels
	The Vena Cava Is Pacing The Embryonic Heart
	Increased Vulnerability To Atrial Fibrillation Under Vagal Hyperinnervation Associated With Vasoactive Intestinal Polypeptide’S Release In Dog’S Atrium
	Ablation of Protein Kinase A or Calmodulin Kinase II Phosphorylation Sites on Phospholamban Confer Arrhythmia Resistance in Sinoatrial Nodal Pacemaker Cells
	Arrhythmogenic potential of activated fibroblasts
	Estradiol and Progesterone Exert Opposite Effects on Cardiac Repolarization and Arrhythmogenesis in Transgenic Long QT Syndrome 2 Rabbits
	Evolution of Ventricular Myocyte Electrophysiology
	Inhibition of hK2P3.1 (TASK-1) Potassium Channels by the Tyrosine Kinase Inhibitor Genistein
	Acetylcholine-dependent Prolongation Of Atrial Action Potentials By Acute Stretch
	The interplay between lipid and protein trafficking
	Watching t-SNAREs And Their Interaction With Secretory Granules In Live Cells
	Molding The Plasma Membrane At Sites Of Endocytosis
	Phosphoinositides in Ca2+ Signaling and Plasma Membrane Biogenesis: Roles for Electrostatic Interactions
	Conformation Changes Before Opening And The Activation Mechanism In Glycine And Nicotinic Receptors
	Probing Structure on Well-defined Functional States of the Nicotinic Receptor Using Systematically-engineered Ionizable Residues and Proton-transfer Events
	Modulation of AMPA and kainate receptors by accessory subunits
	Mechanisms For Information Processing By NMDA Receptors: Insights From Single-channels
	Problems In Determining A Mechanisms Of Receptor Activation And Relating It To Structure
	The Reaction Of Cytochrome aa3-600 With Radical Trapping Agents
	Two Conformations Of The Cytochrome C Oxidase Discriminated By Spectro-electrochemistry Using Seiras
	Rapid Freeze-quench Trapping Of Intermediates In The Reaction Of Cytochrome c Oxidase With Hydrogen Peroxide
	Unique Structure Aspects of the Cytochrome b6f Complex
	Controlled Motion of the Iron-Sulfur-protein Head Domain in the bc1 Complex - Insights from Famoxadone binding to Rh. Sph. bc1
	Probing membrane proteins: Proton translocation by respiratory Complex I subunits and mrp antiporters
	Nucleosome Sliding by ACF is Processive and Bidirectional
	A Biophysical Model Of Interactions Between Transcription Factors And Chromatin
	Nucleosome Depleted Region In Promoter Improves Robustness In Gene Expression
	Identifying and quantifying load-dependence in transcription initiation by T7 RNA Polymerase
	Single RNA Counting Reveals Alternative Modes Of Gene Expression In Yeast
	A Powerful Response to Viral Infection
	How Xenopus Embryos Complete DNA Replication Reliably: Solution to the Random-completion Problem
	Dynamics Of DNA Replication Loops Reveal Temporal Control Of Lagging-strand Synthesis
	The Rop-Dimer: A Folded Protein Living Between Two Alternate Structures
	Crowded, Cell-like Environment Induces Shape Changes In Aspherical Protein
	Assessing Mechanical And Thermodynamic Response Upon Allosteric Perturbation
	Configuration Entropy Modulates the Mechanical Stability of Protein GB1
	Air/water Interface Induced Folding And Self-assembly Of Amyloid-beta Peptide
	Thermodynamic and Kinetic Characterization of MST1 and Rassf5 conserved Sav/Rassf/Hpo (SARAH) Domain Interactions
	Chromophore Isomerization Has Large Effects On The Residual Structure Of The Fully Unfolded State Of The Blue Light Receptor Photoactive Yellow Protein
	Pressure Induced Denaturation in Proteins: Stability and Kinetics
	Massive Endocytosis (MEND) Activated by Ca and Polyamines in Fibroblasts and Cardiac Myoyctes: Dependencies on nucleotides, PIP2, cholesterol, clathrin, and other factors
	Distinct Dynamics Of Endocytic Clathrin Coated Pits And Coated Plaques
	The Language of Shape: Biological Reactions are Dramatically Affected by the Shape of Lipid Membranes
	Cortical Tension Affects the Spatial Heterogeneity of Clathrin-Coated Pit Dynamics
	Screening the Sensing of Membrane Curvature by BAR domains on Single Liposome Arrays
	Computational Delineation of the Bioenergetics of Protein-Mediated Orchestration of Membrane Vesiculation in Clathrin-Dependent Endocytosis
	The Dynamics Of Secretion-associated Plasma Membrane Changes Visualized With Polarized TIRFM
	Actin Cytoskeleton Controls Movement Of Intracellular Organelles In Epithelia
	Crystal Structure of Nucleotide-free Kinesin-1 Motor Domain Explains Coordinated Walking Mechanism
	Conformational Specificity in Allosteric Signaling: High-throughput Measurement of Modular Secondary Structural Changes within Human Eg5 Kinesin
	The Motility of Monomeric and Dimeric Variants of Eg5 studied in the Presence of the Kinesin-5-specific Inhibitor Monastrol
	Cross-Species Analysis of Kinesin-14s: Human HSET Functions in Fission Yeast to Regulate Spindle Bipolarity
	Reconstitution Of Microtubule-driven Movement and Force Production by the Ndc80 Kinetochore Complex
	‘‘Cortical’’ Dynein Can Capture And Pull On Dynamic Microtubule Ends In Vitro
	Structure and Evolution of Tubulin C-terminal Tails
	Modeling of Motor Mediated Microtubule Bending
	Prediction of Allosteric Linkages in Proteins
	Artificial Reaction Coordinate ‘‘Tunneling’’ In Free Energy Calculations: Nucleic Acid Cleavage By Ribonuclease-H
	Transition Pathway Calculation Using Interpolated Parameters From Swarms Of Trajectories
	Thermal Motions of the E. Coli Glucose-Galactose Binding Protein Studied Using Well-Sampled ‘‘Semi-Atomistic’’ Simulations
	PRIMO: A Transferable Coarse-Grained Model for Proteins
	Constant pH Simulations In Explicit Solvent Using The Lambda-Dynamics Approach
	Using the Isotropic Periodic Sum Method to Calculate Long-Range Interactions of Heterogeneous Systems
	Virtual Screening for Experimentalists _ a Xgrid-Powered Web Server



