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Although molecular dynamics simulations have been shown to accurately
refold some proteins, commonly used metrics to describe the refolding
pathways created by simulation require the presence of a crystal structure for
reference or clustering techniques. Furthermore, metrics which rely on
combining multiple individual distances like RMSD make it difficult to
distinguish the refolding of individual amino acids compared to their
counterparts. To better resolve amino acid stabilization, we examined the
dihedral stabilities of amino acids in a stable 191 module as well as in its
perturbed state with the A strand separated from the I91 domain. In doing so
we find we were able to resolve the time at which individual amino acids
stabilized along the folding pathway thereby providing additional information
about the potential refolding pathways of the perturbation. Furthermore, we
found significant variation in the phi dihedral angle of proline residues which
was more pronounced in the Charmm 22* force field than the Amber force
fields. This suggests that examining dihedral stabilities may provide a useful
tool for analyzing polypeptide chain refolding as well as for examining the
effects of force fields on various proteins.
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Automatic Partition of Protein Molecular Dynamics using Coupled Hidden
Markov-Ising Models

Ka Chun Ho, Donald Hamelberg.

Department of Chemistry, Georgia State University, Atlanta, GA, USA. A large
number of Eukaryotic proteins have intrinsically disordered loops, which may
form highly flexible binding regions that are not traditionally well-defined.
Therefore, a deep understanding of the dynamics of the mechanism of proteins
may lead to a new set of dynamic methods for designing drugs targeting
intrinsically disordered proteins. Reductionist methods divide a complex
system into simpler components with a tractable network of interactions.
However, to our knowledge, no existing method automatically divides an MD
simulation into explainable and coupled dynamics of simpler components, each
containing multiple modes of internal dynamics. Free energy calculation,
correlation network, and principal component analysis do not simultaneously
partition a protein into groups of atoms and identify states of each group. Side-
chain rotameric states combine to form an exponentially large number of
conformational states. Therefore, the Markov state model of conformations
cannot summarize the dynamics of side-chains without losing much of the
details. Ad hoc mixture of multiple methods may require human interpretation
to harmonize the different perspectives of the methods. Deep neural networks
are not explainable because their parameters generally have no clear
interpretation, contrary to statistical models. We fit an MD simulation to a
unified statistical model containing hidden Markov models (HMM) coupled
together to describe the dynamics between interacting components. The HMMs
control the mixing of Ising models, which describe the modes of the network
of interaction within each component. The model also automatically assigns
each side-chain to one of the components. We expect this class of methods
would provide a more transparent understanding of how perturbations at a small
site can affect the whole protein through the perspective of coupled hierarchical
dynamics.
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ATP-Magnesium Complex
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The molecular recognition and catalytic processes that define the role of
adenosine triphoshpate (ATP) are mediated largely by its magnesium chelate,
ATP.Mg. Consequently, an accurate representation this complex is crucial to
the theoretical study of a multitude of biochemical processes. In aqueous
solution, two configurations can be distinguished, with Mg contacting either
the terminal beta and gamma phosphate groups (bidentate; C2), or all three
(tridentate; C3). C2 and C3 are approximately isoenergetic in solution, and are

duly represented almost equally among known structures in the Protein Data
Bank (PDB).

Building on molecular dynamics simulations showing prohibitively slow,
microsecond-order interconversion between states in unbiased simulation, we
calculate the free energy difference between C2 and C3 substates by means of
an expanded ensemble incorporating rapidly converting states, using two
widely employed parameter sets respectively compatible with the CHARMM
and Amber force fields. Strikingly, we obtain estimates not only incompatible
with experimental observations, but also emphatically contradictory in
predicting opposite coordination modes as the more favourable.

Addressing these contradictory results, we recruit known ATP. Mg-protein
complex structures from the PDB as additional experimental input. Building on
the premise that perturbation of an experimentally determined structure away
from its observed state should always yield a positive free energy value, we
evaluate a panel of structures using both force fields. From the resulting
distribution of values, we are able to identify a linear correction of the C2/C3
free energy difference for both force fields which restores consistency with
experiment both for the panel of PDB structures and for the value in aqueous
solution.

The approach described is of general interest as a diagnostic and optimisation
tool applicable to otherwise intractable microscopic structural properties for
which a sufficient variety of experimental structures are available.
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An Integrative Approach to Single-Molecule FRET Spectroscopy and
Molecular Dynamics Simulations for the Study of Intrinsically Disordered
Proteins
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Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR, USA.
Recent technological advances in single-molecule techniques, such as single
molecule fluorescence resonance energy transfer (smFRET) spectroscopy,
have paved the way for the study of protein structural dynamics under
biologically relevant conditions. Unlike high-resolution  structure
determination techniques such as x-ray crystallography, however, snFRET
spectroscopy provides limited information spatially. Fortunately, the smFRET
data combined with computational techniques such as molecular dynamics
(MD) simulations could provide enough information to model the structural
dynamics of protein at a spatiotemporal resolution. The starting point of these
simulations is often based on crystal structure or other high-resolution
structures of proteins. Unfortunately, such structures are not available for
intrinsically disordered proteins (IDPs). Here we have employed enhanced
sampling techniques in combination with all-atom MD and smFRET data to
model the structural dynamics of IDPs. We have specifically employed state-
of-the-art dimensionality reduction techniques in conjunction with enhanced
sampling schemes to assimilate MD trajectories to make them consistent with
the smFRET measurements. The novel methodology developed in this work
uses the smFRET data within enhanced sampling techniques to first generate
an ensemble of protein conformations and then predict FRET efficiency
distributions for candidate labeled proteins. An iterative procedure is then used
to efficiently design smFRET experiments based on the computational
predictions and refine the conformational ensemble of protein, until a
convergence is reached. The final step involves employing machine learning
techniques to determine both the state distributions and their kinetics from
smFRET-informed MD trajectories. We have successfully used this approach
to study the structural dynamics of the C-terminal domain of membrane
insertase Alb3, which is known to be intrinsically disordered. The novel
approach developed here lays the groundwork for the efficient application of
smFRET technique for the study of IDPs.
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The unnatural amino acid 4-cyano-L-phenylalanine (pCNF) can be used as an
infrared (IR) spectroscopic reporter to probe local chemical environments



