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338-Pos Board B108
Simulation-Guided Selection of Spectroscopic Experiments to Refine
Highly Flexible Protein Structures
Jennifer M. Hays1, Marissa Kieber2, Linda Columbus2, Peter M. Kasson1,3.
1Biomedical Engineering, University of Virginia, Charlottesville, VA, USA,
2Chemistry, University of Virginia, Charlottesville, VA, USA, 3Molecular
Physiology and Biological Physics, University of Virginia, Charlottesville,
VA, USA.
Determining the structure and function of highly flexible proteins is extremely
difficult because many measurements that capture multiple conformational
populations provide sparse rather than complete data on the conformational
ensemble. Therefore, a critical challenge lies in selecting an optimal set of
informative experimental measurements that efficiently refine the ensemble.
Hybrid refinement techniques have been developed to combine molecular dy-
namics (MD) data and experimental data, and while many have leveraged
experimental data to restrain MD simulations, few have leveraged MD data
to guide experiments. In order to address the challenge of selecting optimal
experiments, we have developed a model-free, information-theoretic approach
for guiding double electron-electron resonance (DEER) experiments that 1)
uses a mutual information distance metric to rank pairs of residues based
on how well they refine a conformational ensemble and 2) identifies a set
of highly informative pairs that perform well under this metric. To test this
approach, we used simulations of the Opa60 protein to identify a set of
maximally-informative and minimally-redundant (mRMR) pairs. We
measured the distance distributions of those pairs using DEER and incorpo-
rated the experimental distributions into restrained-ensemble MD simulations.
We demonstrate that the set of high-scoring mRMR pairs better reduce the
conformational search space than a set of spectroscopist-selected pairs. This
systematic approach provides a way to select optimal spectroscopic experi-
ments, to use the data to efficiently refine structures of flexible receptor-
ligand complexes, and to elucidate fundamental physical principles of
receptor-ligand binding.

339-Pos Board B109
Probing collective Motions of Proteins and Hydration Dynamics in
Aqueous Solutions by a Wide Range Dielectric Spectroscopy
Ali Charkhesht, Djamila Lou, Nguyen Q. Vinh.
Department of Physics and Center for Soft Matter and Biological Physics,
Virginia Tech, Blacksburg, VA, USA.
Conformational dynamics of proteins affect how biological molecules exert
their function and regulate their biological processes. Studying the dynamics
of proteins and their hydration allows us to analyze their functions in aqueous
solutions. However, the strong absorption of water makes tracking collective
mode changes challenging. Thus, we have developed a very sensitive dielec-
tric megahertz-to-terahertz frequency-domain spectroscopy system to probe
the hydration shells as well as large-scale dynamics of these biomolecules.
Using this system, we explore the real and imaginary dielectric response of
solvated biomolecules over a range of 50 MHz to 2 THz. We have chosen
several proteins to provide a model system including bovine serum albumin
(BSA), lysozyme, cytochome_c, and myoglobin proteins. We have compared
the dynamics of proteins as well as their hydration water. We have deduced
the dynamics and the hydration water of these proteins by comparing their
real and imaginary dielectric response and hydration water relaxation times.
Comparing these assets of various proteins in different classes helps us
shed light on the macromolecular dynamics in a biologically relevant water
environment.

340-Pos Board B110
Allosteric Regulation by Membranes Controls Specificity of Lipolytic En-
zymes through Recruitment of Unique Hydrophobic Binding Pockets
Varnavas D. Mouchlis, J. Andrew McCammon, Edward A. Dennis.
Pharmacology, and Chemistry and Biochemistry, University of California,
San Diego, La Jolla, San Diego, CA, USA.
Connecting molecular structure with cellular function is fundamental to under-
standing the mechanism of action of water-soluble enzymes acting on cell
membranes (PNAS 2015, 112, E516-E525). Cytosolic (cPLA2), calcium-
independent (iPLA2) and lipoprotein-associated (Lp-PLA2) provide an ideal
system for studying protein-lipid molecular recognition and membrane func-
tioning. cPLA2 is the main arachidonic acid provider for the eicosanoid
pathway, iPLA2 is involved in membrane phospholipid remodeling and Lp-
PLA2 was found to associate with LDL and HDL in human plasma to hydrolyze
phospholipids containing short-chain and oxidized fatty acids. A lipidomics
mass spectrometric assay allowed us to define unique specificity of PLA2s to-
wards a wide variety of phospholipids that was not feasible with existing as-
says. Computational techniques such as molecular dynamics simulations and
docking guided by hydrogen/deuterium (H/D) exchange experimental data
showed that membrane phospholipids bind to allosteric sites located on the
interfacial surface of PLA2s, shifting their conformation from the ‘‘closed’’
to the ‘‘open’’ state. This process enables PLA2s to extract and bind a phospho-
lipid molecule in the active site where the hydrolysis occurs. This is a novel
study addressing recognition between water-soluble enzymes and membranes
as well as substrate specificity, binding and interactions using computational
techniques guided by experimental data. PLA2s are implicated in chronic in-
flammatory diseases and understanding their association with membranes as
well as their interactions with substrates will allow us to identify potent and se-
lective inhibitors that can be further developed as anti-inflammatory agents (J.
Med. Chem. 2016, 59, 4403-4414).

341-Pos Board B111
Modeling Protein Conformational Changes with SAXS Profiles
Dina Schneidman.
The Hebrew University of Jerusalem, Jerusalem, Israel.
Proteins generally populate multiple structural states in solution. Transitions
between these states are important for function, such as allosteric signaling
and enzyme catalysis. Structures solved by X-ray crystallography provide valu-
able, but static, atomic resolution structural information. In contrast, Small
angle X-ray scattering (SAXS) profiles, while limited in resolution, contain in-
formation about conformational and compositional states of the system in so-
lution. Moreover, SAXS profiles can be rapidly collected for a variety of
experimental conditions, such as ligand-bound and unbound protein samples,
different temperatures, or pH values. The challenge lies in data interpretation
since the profiles provide rotationally, conformationally, and compositionally
averaged information about protein shape in solution. We have developed a
novel computational method, MultiFoXS that simultaneously uncovers the
set of structural states and their population weights for multiple input SAXS
profiles. The input is a single atomic structure, a list of flexible residues, and
one or more SAXS profile(s) for the protein. The method proceeds in two steps.
In the first step, it samples the input structure by exploring the space of the 4
and c main chain dihedral angles of the user-defined flexible residues with a
Rapidly exploring Random Trees (RRTs) algorithm. In the second step a
SAXS profile is calculated for each sampled conformation with FoXS, followed
by a branch-and-bound enumeration of the multi-state models that are consis-
tent with the SAXS profile. The method was benchmarked on over 30 cases
with experimental SAXS profiles, including large multi-domain proteins and
proteins with long disordered fragments. Moreover, comparison of conforma-
tions and their weights between the ligand-bound and unbound SAXS profiles
can help in determining the allosteric mechanism. The applicability of the
method extends beyond SAXS and it has been applied to datasets from Small
Angle Neutron Scattering, Electron Microscopy, and residual dipolar
couplings.

342-Pos Board B112
Defining a Ligand-Binding Pocket in the Orphan Nuclear Receptor
Nurr1
Paola Munoz-Tello, Sarah Mosure, Patrick Griffin,
Venkatasubramanian Dharmarajan, Ian de Vera, Douglas Kojetin.
The Scripps Research Institute, Jupiter, FL, USA.
Nuclear receptor related 1 protein (Nurr1/NR4A2), an orphan nuclear receptor
with no known physiological ligands, is considered to function independent of
ligand. Compared to other non-orphan nuclear receptors with solvent accessible
apo-protein ligand-binding pockets, a crystal structure of the Nurr1 ligand-
binding domain (LBD) revealed with no physical space to bind ligand. Using
solution structural methods, including NMR spectroscopy and hydrogen/deute-
rium exchange mass spectrometry, and atomic-level molecular simulations, we
found that the putative ligand-binding pocket in Nurr1 is dynamic and can
expand to bind a natural ligand. Mutation of putative ligand-binding pocket res-
idues shows reduced Nurr1 cellular activity, indicating the integrity of the
pocket is important for function. Our data indicates the crystalized pocket
conformation likely represent a collapsed conformation, but in solution the
pocket is dynamic and can expand to bind ligand.
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Feedforward and Feedback Amplification in the Pink1-Parkin Pathway
Generate a Binary Switch for Mitochondrial Quality Control in Parkinson
Disease
Kalle Gehring.
Biochemistry, McGill University, Montreal, QC, Canada.
The Parkinson disease associated proteins, Parkin and PINK1, together
comprise a mitochondrial quality control system that promotes neuronal sur-
vival through autophagy of damaged mitochondria. In the pathway, PINK1
acts as a sensor of depolarized mitochondria and phosphorylates ubiquitin to
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