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44-Plat
Clathrin Senses Membrane Curvature
Wade F. Zeno1, Jacob B. Hochfelder2, Ajay S. Thatte3, Liping Wang4,
Avinash K. Gadok2, Carl Hayden3, Eileen M. Lafer4, Jeanne C. Stachowiak2.
1Mork Family Department of Chemical Engineering and Materials Science,
University of Southern California, Los Angeles, CA, USA, 2Biomedical
Engineering, University of Texas at Austin, Austin, TX, USA, 3University of
Texas at Austin, Austin, TX, USA, 4Department of Biochemistry and
Structural Biology, University of Texas Health Science Center-San Antonio,
San Antonio, TX, USA.
The ability of proteins to assemble at sites of high membrane curvature is
essential for various membrane remodeling processes, including clathrin-
mediated endocytosis. This endocytic process is facilitated by a network
of multivalent adaptor proteins that bind to the plasma membrane surface.
Many of these adaptor proteins have been shown to sense regions of high
membrane curvature, leading to local recruitment of the clathrin coat.
Because clathrin does not bind to the membrane directly, it has remained un-
clear whether the clathrin coat plays an active role in sensing membrane cur-
vature or is passively recruited by adaptor proteins. Using a synthetic tag to
assemble clathrin directly on membrane surfaces, we examined protein
binding equilibria to show that clathrin is a strong sensor of membrane cur-
vature, comparable to previously studied adaptor proteins. interestingly, this
sensitivity arises from clathrin assembly, rather than from the properties of
unassembled clathrin triskelia. When clathrin lattice assembly was inhibited,
curvature sensitivity was reduced substantially, suggesting that triskelia
have preferred angles of interaction. Further, when clathrin was recruited
by endocytic adaptor proteins, its curvature sensitivity was amplified by
two to ten-fold, such that the resulting protein complex was up to 100 times
more likely to assemble on a highly curved surface, compared to a flatter
one. This exquisite sensitivity points to a synergistic relationship between
the coat and its adaptor proteins, which enables clathrin to pinpoint sites
of high membrane curvature, an essential step in ensuring robust membrane
traffic. More broadly, these findings suggest that supramolecular protein net-
works, rather than individual protein domains, are likely the critical drivers
of membrane curvature sensing.

45-Plat
Alpha-Synuclein Affects Differently the Internal and External Leaflet of
the Lipid Membranes
Samira Jadavi1,2, Silvia Dante3, Alberto Diaspro1,2, Claudio Canale2.
1Nanoscopy, Istituto Italiano Tecnologia, Genoa, Italy, 2DIFILAB,
Department of Physics, University of Genoa, Genoa, Italy, 3Materials
Characterization Facility, Istituto Italiano Tecnologia, Genoa, Italy.
SLBs are a well-established model of the plasma membrane of eukaryotic
cells. It is known that a-synuclein (a-syn), a peptide involved in Parkin-
son’s disease, is present in both the inner (cytosol) and extracellular space.
Both the endogenous and exogenous components seem to have a role in the
neurodegenerative process typical of the disorder. It is also demonstrated
that the physiological membrane has an asymmetric structure, i.e., the lipid
compositions of the inner and outer leaflet are different. As a consequence
of this asymmetry, also the organization of the lipid phase in the two leaf-
lets are different. a-syn interacts with supported lipid bilayers (SLBs) with
two different compositions, mimicking the inner and the outer leaflet of the
cell membrane respectively, to reveal the possible destabilization induced
by the pathological peptides. It is known that the presence of the rigid sub-
strate, that support the membrane, reduces the diffusion of the single lipid
molecules within the membrane and induce a mechanical stabilization of
the membrane, that increase the resistance of the bilayer toward the action
of an external agent. We proposed a new approach, making the peptides
interact with lipid vescicles in solution, creating a planar bilayer after
this interaction. in this way, a-syn interacts with a tridimensional mem-
brane, that is better resembling the properties of the cell membrane. Before
and after the interaction with a-syn the membrane were characterized by
atomic force microscopy, quartz micor-balance, and fluorescence
techniques.

46-Plat
Inserting Small Molecules Across Membrane Mixtures: Insight from the
Potential of Mean Force
Tristan Bereau.
Van’t Hoff Institute for Molecular Sciences and Informatics Institute,
University of Amsterdam, Amsterdam, Netherlands.
Small solutes have been shown to alter the lateral organization of cell
membranes and reconstituted phospholipid bilayers; however, the mecha-
nisms by which these changes happen are still largely unknown. Tradition-
ally, both experiment and simulation studies have been restricted to testing
only a few compounds at a time, failing to identify general molecular de-
scriptors or chemical properties that would allow extrapolating beyond the
subset of considered solutes. in this work, we probe the competing ener-
getics of inserting a solute in different membrane environments by means
of the potential of mean force. We show that these calculations can be
used as a computationally efficient proxy to establish whether a solute
will stabilize or destabilize domain phase separation. Combined with
umbrella-sampling simulations and coarse-grained molecular dynamics
simulations, we are able to screen solutes across a wide range of chemis-
tries and polarities. Our results indicate that for the system under consider-
ation, preferential partitioning and therefore effectiveness in altering
membrane phase separation are strictly linked to the location of insertion
in the bilayer (i.e., midplane or interface). Our approach represents a fast
and simple tool for obtaining structural and thermodynamic insight into
the partitioning of small molecules between lipid domains and its relation
to phase separation, ultimately providing a platform for identifying the
key determinants of this process.

47-Plat
Taking a Cooler Breath: Moderate Hypothermia Boosts Lung Surfactant
Activity
Chiara Autilio1, Mercedes Echaide1, Emilie Da Silva2, Jorid Birkelund
Sørli3, Jesus Perez-Gil1.
1Biochemistry and Molecular Biology Department, Complutense University,
Madrid, Spain, 2Department of Environmental Engineering, Technical
University of Denmark, Kgs. Lyngby, Denmark, 3The National Research
Center for Work Environment, København, Denmark.
Reducing temperature to values close to lung surfactant melting point may
improve the dynamic interfacial properties of the system. in this work, we
have analysed the temperature-mediated enhancement of the interfacial per-
formance of purified porcine surfactant (PS) under plasma inhibition in a
Constrained Drop Surfactometer. We have also explored the temperature-
related rescue of surfactant performance. To do so, the drop interface was
previously covered by plasma and PS until impairing surfactant dynamic
properties. Synthetic lipid/protein mixtures or Poractant alfa were then
dispensed at the air-liquid interface during compression-expansion cycles
of the drop. All experiments were performed at both physiological
(37 �C) and therapeutic hypothermia (33 �C) temperatures.The lower the
concentration of tested material, the greater the capability of surfactant to
reduce surface tension at 33 �C compared with 37 �C. At therapeutic hypo-
thermia temperature, surfactant resistance to plasma inhibition is improved
and restoration therapies are more effective regardless of the applied mate-
rial. These in vitro results help to explain the good respiratory outcomes of
cooled patients with direct acute respiratory distress syndrome and suggest
new treatments for acute lung injury.

Platform: Voltage-gated Channels

48-Plat
Insights into the Function of BK-Ca Multi-Channel Complexes
Teresa Giraldez.
Basic Medical Sciences, University of La Laguna, La Laguna, Spain.
Large conductance Ca2þ- and voltage-gated Kþ channels (BK, hslo or
KCa1.1) are high conductance potassium channels that are synergistically
regulated by voltage and intracellular calcium. in many neuron types, BK
channels are located in close proximity to calcium sources, coupling calcium
signalling to membrane potential. The interaction between calcium influx and
BK activation is involved in numerous essential neuronal processes such as
repolarization and hyperpolarization following the action potential, dendritic
calcium spikes, and neurotransmitter release. Here, we describe recent studies
investigating the molecular interactions of BK with voltage-gated calcium
channels or N-methyl-D-aspartate receptors (NMDAR) and their physiolog-
ical implications.

49-Plat
Functional Characterization of Disease-Causing Mutations in the Sodium
Leak Channel NALCN
Claudia Weidling, Aishat O. Ameen, Han Chow Chua, Stephan A. Pless.
Department of Drug Design and Pharmacology, University of Copenhagen,
Copenhagen, Denmark.
The Naþ leak channel (NALCN) is highly expressed in the brain, where it
mediates a persistent Naþ current that contributes to the resting membrane
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potential (RMP) of neurons. This Naþ leak current regulates neuronal excit-
ability underlying processes, such as locomotion and circadian rhythm.
Recently, we have shown, that co-expression of UNC80, UNC79 and
FAM155A is required to form a functional NALCN complex in heterolo-
gous systems. To date, over 60 pathogenic mutations have been reported
for NALCN and UNC80, causing severe developmental delay, congenital
contractures of the limbs, hypotonia and respiratory problems. Here, we
functionally characterize all known disease-causing mutations in the
NALCN channel complex using two-electrode voltage clamp in Xenopus
laevis oocytes, complemented by patch clamp electrophysiology in
HEK293T cells. To our surprise, we found that the 31 missense mutations
in or around the NALCN pore, as well as the DIII-IV linker, cause a
gain-of-function (GOF) phenotype, whereas nonsense mutations in NALCN
and UNC80 result in a complete loss of function, despite robust cell surface
expression of the truncated proteins. The GOF phenotypes are characterized
by increased amplitudes of out- and inward currents, larger persistent cur-
rents at negative potentials, depolarized RMP and drastically altered kinetic
properties of channel opening. in summary, we performed the first system-
atic functional characterization of patient mutations in the NALCN channel
complex and provide a comprehensive overview of their functional impacts.
This represents a first step towards a mechanistic understanding of NALCN
channelopathies and provides important insight into the molecular function
of this essential leak channel.

50-Plat
Cotranslational Complexes Encoding Ion Channels in the Heart
Margaret B. Jameson1, Catherine A. Eichel1, Fang Liu1,
Erick B. Rios Perez1, David K. Jones1,2, Gail A. Robertson1.
1Neuroscience, University of Wisconsin-Madison, Madison, WI, USA,
2Department of Pharmacology, University of Michigan, Ann Arbor, MI,
USA.
The expression of ion channels underlying the heart’s rhythmic beating must
be precisely coordinated to fulfill their physiological roles and protect the
heart from arrhythmias. How cells determine the proper ratios of different
ion channels mediating repolarization, the most vulnerable phase of the ven-
tricular action potential, is poorly understood. Here, we tested the hypothe-
sis that transcripts encoding ion channels necessary for repolarization are
cotranslationally associated and regulated. Immunoprecipitation of hERG1a
or Nav1.5 nascent proteins from human heart followed by RT-PCR revealed
association of hERG1a, hERG1b, SCN5A, and CACNA1C mRNAs but not
RYR2 or KCNJ2 transcripts. Specific silencing of hERG1b transcripts
concomitantly reduced expression of the associated transcripts as deter-
mined by RT-qPCR in a manner not attributable off-target. Patch-clamp
electrophysiology in cardiomyocytes derived from human iPSCs revealed
a corresponding reduction in IKr, INa, INa,late, and ICa,L currents following
hERG1b (or hERG1a) mRNA silencing, indicating that the mRNAs affected
by knockdown were those undergoing translation. To observe mRNA com-
plexes directly, we used single-molecule fluorescent in situ hybridization
(smFISH) combined with immunofluorescence. We noted fractional colocal-
ization of CACNA1C, KCNQ1, or SCN5A with hERG transcripts signifi-
cantly greater than predicted by chance. Within translational complexes,
the fraction associated was enriched 3-fold and diminished by puromycin,
a translation inhibitor. We used multicolor smFISH experiments to test
the hypothesis that the coregulated mRNA species associated in a supercom-
plex, but instead primarily found transcript pairs in translational complexes.
These results rule out a single cotranslational target for coordinate regula-
tion and indicate that hERG/IKr channel biogenesis arises from a heteroge-
neous population of cotranslational complexes with other mRNA species.
Supported by T32 GM008688 (MBJ), AHA 20PRE35080125 (MBJ), and
NIH R01HL131403 (GAR).

51-Plat
Single-Molecule Resolution of Multivalent Ligand Binding in Pacemaker
Channels
David S. White1, Sandipan Chowdhury2, Ruohan Zhang1, Scott T. Retterer3,
Randall H. Goldsmith1, Baron Chanda4.
1Chemistry, University of Wisconsin-Madison, Madison, WI, USA,
2Molecular Physiology and Biophysics, University of Iowa, Iowa City, IA,
USA, 3Center for Nanophase Materials Sciences, Oak Ridge National
Laboratory, Oak Ridge, TN, USA, 4Anesthesiology, Washington University
in St. Louis, St. Louis, MO, USA.
Periodicity of electrical oscillations in brain and heart is controlled by
pacemaker channels whose activity is also modulated by cAMP binding.
Efforts to investigate the binding mechanisms in ligand activated mem-
brane receptors have been hampered by the inability to directly measure
single ligand association at physiological concentrations and therefore
rely on either ensemble approaches or downstream ligand-induced confor-
mational change. Here, we overcome these challenges using single-
molecule fluorescence microscopy in nanophotonic waveguides to directly
resolve the early binding dynamics of individual ligands to multimeric cy-
clic nucleotide-gated ion channels. Using two different isoforms of pace-
maker ion channels (HCN1 and HCN2), we show that cAMP binding to
the four subunits is independent when the pore is closed despite a subse-
quent conformational isomerization at each site following ligand binding.
Dynamics of ligand docking and isomerization reveal that the physiologi-
cally distinct responsiveness to cAMP is due to differences in stability of
the intermediate state. Our findings also provide the most direct validation
of the ligand induced flip state models as opposed to conformational selec-
tion models.

52-Plat
Influence of Phospholipid Binding on Voltage Sensor-Pore Coupling in the
KAT1 Potassium Channel
Bernardo I. Pinto, Michael D. Clark, Eduardo Perozo, Francisco Bezanilla.
Department of Biochemistry and Molecular Biophysics, Univ Chicago,
Chicago, IL, USA.
The hyperpolarization activated potassium channel from Arabidopsis
thaliana KAT1 has been shown to regulate stomatal opening. Like some
depolarization activated potassium channels KAT1 has a voltage sensing
domain (VSD) and a pore domain (PD) in a non-domain-swapped confor-
mation. Its structure prominently displays a phospholipid molecule interca-
lated between the S4 and S5 in the transmembrane region.
Hyperpolarization-induced currents from KAT1, expressed in Xenopus lae-
vis oocytes, were used to evaluate the effect of temperature (20-30�C).
Our results show that, although temperature greatly affects the kinetics
of activation in the WT channel, it does not seem to affect the relative
conductance versus voltage (GV) relation. This indicates that temperature
has little or no effect on the voltage dependent transitions but rather, it
sharply influences electromechanical coupling. We explored the possible
role of the phospholipid binding site on this temperature dependence and
activation of KAT1, by tryptophan scanning the residues in direct prox-
imity to the phospholipid. Mutations in this region affected activation,
deactivation kinetics, the GV relation and temperature dependence of the
channel. These results suggest that phospholipids are an integral part of
the coupling between the VSD and PD in KAT1. (Support: NIH
GM030376, GM057846).
Platform: Microtubules, Structure, Dynamics,
and Associated Proteins

53-Plat
Mechanism of Parkinson’s Disease-Linked LRRK2’s Interaction with
Microtubules
Samara L. Reck-Peterson1,2, David Snead1, Mariusz Matyszewski1,
Andrea M. Dickey1, Yu Xuan Lin1, Andres Leschziner1.
1University of California-San Diego, La Jolla, CA, USA, 2Howard Hughes
Medical Institute, Chevy Chase, MD, USA.
Parkinson’s Disease (PD) is the second most prevalent neurodegenerative
disease, affecting �10 million people worldwide. One of the most
commonly mutated genes in PD is Leucine Rich Repeat Kinase 2
(LRRK2). Autosomal dominant mutations in LRRK2 cause familial PD,
while LRRK2 mutations are also associated with sporadic PD. LRRK2 is
a large protein with multiple domains, including a kinase. A unifying
theme for LRRK2 and many other PD genes is that they function in intracel-
lular trafficking. For example, LRRK2 co-localizes with microtubules, an
association that is enhanced by most PD mutations. Previous studies re-
ported a 14Å structure of the microtubule-associated filaments formed by
LRRK2 in cells and a 3.5Å structure of the catalytic half of LRRK2.
Here, we report a 6.0Å structure of microtubule-associated LRRK2. We
also report a structure of the catalytic half of LRRK1, which is closely
related to LRRK2, but is not linked to PD and does not bind microtubules.
Guided by these structures, we have used single-molecule and cellular im-
aging to determine the molecular basis of the LRRK2-microtubule
interaction.
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