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Continuing Studies of Medium Effects in Pyridine-Silicon Tetrafluoride Complexes
Becca Adams|James A. Phillips (Mentor)
Department of Chemistry and Biochemistry University of Wisconsin- Eau Claire
This project is concerned with the structural properties of the pyridine-silicon
tetrafluoride complex and its fluoro-pyridine analogs. The key issue is the extent to which they
undergo structural changes in response to inert chemical environments. These will be assessed
using DFT computations and low-temperature IR spectroscopy. The initial studies obtained
structure, vibrational frequencies, and binding energies, and N-Si potential energy curves of the
pyridine-silicon tetrafluoride complex using the M06/6-311+G (2df/2pd) level of theory.
However, it is likely that medium effects were overlooked due to the deficiencies in the basis
set. In this work, we are using larger basis sets (aug-cc-pVTZ and aug-cc-pVQZ) to resolve this
deficiency. First, we completed a method validation based on silicon tetrafluoride vibrational
frequencies (which are the experimental signature of structural change). In the end we found
that M06 and M062X had the lowest RMS error among nine DFT methods. We will show results
for updated gas phase structural and energetic properties of these complexes. In addition, IR
frequency predictions will be compared to spectra conducted in the prior phases of the group
to determine the extent to which solid argon and nitrogen environments impact structure.
Looking forward we will be examining the dielectric media effects and expanding data to
difluoro-pyridine and trifluoro-pyridine complexes.
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Docking Low-Energy Opioid Conformations to the Mu-Opioid Receptor to Characterize the
Ligand-Receptor Complex
Taylor D. Aishman,1 Alaina Ivers,1 Monish Shukla,1 Leah Juechter,2 Lauren Jones,2 Brenna
Outten,2 Dr. George Shields,2 and Dr. Cailtin E. Scott1
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of Chemistry, Hendrix College, Conway, Arkansas

Department of Chemistry, Furman University, Greenville, South Carolina

The mu-opioid receptor (MOR) regulates the body’s pain response, and its namesake
medications are currently the only solution to chronic pain. Opioids are highly addictive and can
have catastrophic side effects ranging from tolerance to respiratory depression when misused.
The CDC has even outlined an ongoing epidemic characterized by increasing opioid potency and
fatalities. The goal of our study is to use computational methods to determine the most accurate
model of the MOR binding site by docking low-energy ligands including BU72, Fentanyl,
Morphine, and Naltrexone interact with a crystallized mouse MOR (mMOR) (PDB ID: 4DKL), a
crystallized nanobody-bound mMOR (PDB ID: 5C1M), and a model of the human MOR
(hMOR), which is derived from the crystallized mMOR bound to a human Gi protein (PDB ID:
6DDE). The first phase of the project was to prove that Glide Software can reproduce the
crystalized structures of PDB ID: 5C1M and PDB ID: 4DKL by docking the crystalized ligands,
agonist BU72 and antagonist Naltrexone, to their respective crystalized structures of the mMOR.
We found a heavy-atom RMSD of 0.27Å for BU72 and a heavy-atom RMSD of 0.04Å for
Naltrexone. The second phase was to dock computationally predicted low-energy ligand
conformations to determine the most energetically favorable receptor-ligand conformations. The
low-energy ligand structures were optimized using the ωB97XD density functional with the 631++G** basis set in aqueous solution at 298 K. We found that the lowest-energy ligand
conformation of BU72 docked to PDB ID: 5C1M with a heavy-atom RMSD of 0.16 Å with
respect to the crystalized BU72. We found that multiple predicted ligand conformations of
Naltrexone docked to PDB ID: 4DKL produced the same docked conformation with a heavyatom RMSD of 0.40 Å with respect to crystalized Naltrexone. This shows that the ligands take
on a specific conformation to bind the protein that closely resembles the crystalized structure.
The crystallized ligand is the most favorable because it is naturally formed in the crystallized
complex. We also have docked Fentanyl and Morphine to the crystalized mMOR because these
complexes have not been experimentally determined and we see favorable conserved
electrostatic interaction with Aspartic Acid 147 which is found in the complexes with BU72.
Currently, we are undertaking Induced Fit Docking between these low-energy ligands and
hMOR, which has never been crystalized before, to determine the binding site of opioids. This is
significant because our hMOR model is bound to the Gi protein and with this data we can design
targeted drugs which should only elicit pain relief and not the adverse side effects.
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Hirshfeld and Void Surface Analysis in Halogen/Chalcogen Bonded Crystalline Materials
Srikar Alapati1, Andrew J. Peloquin2, Dr. Colin D. McMillen2, Dr. Timothy W. Hanks1, Dr. William
T. Pennington2
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The use of halogen bonding in crystalline materials has been a recent area of interest because
of the interesting characteristics of crystals that are formed. 1,4-diiodotetrafluorobenzene and
benzyltrimethylammonium iodide were reacted in a variety of solvents to yield a series of
complex crystalline salts that exhibited significant I···I halogen bonding interactions and formed
structurally unique solvates. This formation is thought to occur due to the solvent molecule
present. We present a computational approach to study the intermolecular interactions and
packing efficiencies of each crystal by looking at the Hirshfeld and void surfaces generated by
CrystalExplorer and Mercury programs, as well as the Kitaigorodskii packing index (KPI) using
Platon. Analysis of these surfaces concluded that there was a negative correlation between the
KPI and overall void volume. Solvates in which the solvent was precipitated out had a unique
pattern of an iodine anion with three halogen bonds.
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Probing the strength and stability of wild type and mutated N. gonorrhoeae type IV pili
Zachary L. Alseika, Joseph L. Baker
Department of Chemistry, School of Science, The College of New Jersey, Ewing, NJ, 08628

Neisseria gonorrhoeae (Ng) is a gram negative bacteria that causes the sexually
transmitted diesease gonorrhea. Ng infections occur in the mucus membranes of the reproductive
system where the bacteria use a filament known as a type IV pilus (T4P) to anchor to surfaces,
and which also allow motion known as twitching motility. T4P filaments are dynamically built
from a protein subunit called pilin, and the filaments exhibit a substantial amount of tensile
strength and stability, while simultaneously being highly flexible. To model the stress this
filament can experience in its native environment, we utilized a technique known as steered
molecular dynamics (SMD) to extend an atomistic model of the Ng T4P in the wild-type and
several mutated states. We also studied T4P dynamics under equilibrium conditions for
comparison. This modeling strategy allows us to obtain insight into the molecular scale
interactions that give rise to the strength and stability of the T4P filaments, and to gain a better
understanding of which amino acid interactions are crucial to the biophysical properties of T4P.

VMD image of Ng T4P with the mutations of interest represented in VDW style. (Gly115: Blue; Ser149:
Black; Glu5: Yellow)
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SH3 BINDING PATHWAY AND KINETICS IN THE PRESENCE
OF SALT
Frida Anguiano, Oluebube Onwuzulu, Anna Carhart, Elliott J. Stollar,
K. Aurelia Ball
Department of Chemistry, Skidmore College
Protein-protein interactions are involved in a wide range of cellular processes in
which these interactions often bind to intrinsically disordered proteins. SH3
domains are common protein interaction domains which are typically negatively
charged and typically bind proline-rich disordered segments, which are positively
charged. This project focuses on the yeast protein interactions of the Abp1 SH3
domain (AbpSH3), and the intrinsically disordered peptide ArkA. To understand
how this important interaction functions, we are investigating the binding pathway
by simulating ArkA-AbpSH3 binding using molecular dynamics in the presence of
sodium chloride, which serves to screen electrostatic interactions. Preliminary
results show little to no decease of electrostatic contacts using 80mM NaCl. We
expect the addition of 800 mM sodium chloride to destabilize the encounter
complex leading to an overall slower binding rate for the complex and a decrease
in electrostatic contacts. Simulating the binding between ApbSH3 and ArkA in the
presence of salt can provide insight into the role of electrostatics in SH3 binding in
general and in experimental settings.
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Solvent Stability Effect on Fluorescence Spectroscopy of Conjugated Organic Molecules
Michelle Bechtel, Muna Onuoha, & Lindsey R. Madison*
Department of Chemistry, Colby College, Waterville, ME 04901
When an art restorationist wants to identify paint pigments from a mural dating back to
64 A.D. Ancient Rome, they turn to fluorescence spectroscopy 1. Fluorescence spectroscopy is an
experimental technique that uses UV-Vis light to excite electrons of molecular compounds and
measure the wavelengths of their emitted light. We computationally investigated the stabilizing
effects of solvent on the fluorescence of conjugated organic molecules and gained insight into
the effect of solvent reorganization on the red shifts observed in fluorescence. The molecules
1,4-benzoquinone, 2,6-dimethoxybenzoquinone, and alizarin were tested due to their
environmental relevance: the quinones existing as organic matter in sea spray and alizarin as a
red pigment. Geometry optimizations of these molecules were built with WebMO software to
perform two types of calculations with Gaussian 16 (B3LYP/6-311+G(2d,p)): time dependent
density functional theory and Franck-Condon calculations, the latter combining vibrational and
electronic excitations (Figure 1). We then predicted the wavelengths of emitted photons in the
presence of water, ethanol, and toluene, represented by a polarizable continuum model with
varying dielectric constants. Next, alizarin deprotonation was simulated by removing hydrogen
atoms to create neutral and basic environments. The solvent responses to molecular excitations
were treated with both the Corrected Linear Response and External Iteration approaches,
producing contrasting wavelength predictions for alizarin. This technique gives us an
identification tool for small organic components of a mixture, whether they’re found in paint
pigments or aerosol particles, allowing us to study the environment through a new lens of light.

Figure 1. Left: Franck-Condon absorption and fluorescence spectra of alizarin (C14H8O4) in
water. Fluorescence intensity has been increased by a factor of 80. Right: Depiction of electronic
and vibrational transitions, accounting for excitation and emission spectra.
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Romani, A; Clementi, C; Miliani, C; Favaro, G. Fluorescence Spectroscopy: A Powerful Technique for the
Noninvasive Characterization of Artwork. Acc. Chem. Res. 2010, 43, 837-846.
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Competition Between Amino Acids and Ammonia in Sulfuric Acid-Based Atmospheric
Prenucleation
Conor J. Bready, Sara Vanovac, Tuguldur T. Odbadrakh, George C. Shields*
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States
The hydrogen-bond networks formed between common atmospheric aerosols are heavily
studied to better forecast the constantly changing climate. Prior research has demonstrated that
sulfuric acid seems to drive the formation of these clusters, especially when ions are also present.
Therefore, molecules like amino acids are especially interesting due to their ability to become
either cations or anions in conditions close to a neutral aqueous pH. Unlike in aqueous solutions,
the strength of the acid and/or base has a weak correlation to the overall stability of the cluster.
Instead, the stability tends to rely more on the number of hydrogen-bonds that can form while
limiting the entropy the least. Amino acids are able to form strong hydrogen bonds in multiple
locations, further increasing their interest in atmospheric conditions. As glycine and serine are
the two most prevalent atmospheric, we decided to explore the interactions between all possible
combinations of glycine, serine, ammonia, sulfuric acid, and up to five water molecules. The
structures were generated using the PM7 genetic algorithm before being subjected to
optimizations with the ωB97X-D/6-31++G** level of theory. After, the energetics of all
structures under 8 kcal mol-1 of the DFT minima were computed using the domain-based local
pair natural orbital coupled-cluster with single, double, and perturbative triple with a complete
basis set extrapolation (DLPNO-CCSD(T)/CBS). These energies were then used to compute
relevant atmospheric concentrations of the various clusters at both the top and bottom of the
atmosphere and hence determine the likelihood of their formation. Our results showed that
neither amino acid ever donated a proton, indicating that they might not act as acids in the
atmosphere. On the other hand, both of the amino acids were competitive with ammonia at
forming hydrogen-bond networks with sulfuric acid and water, often acting as a stronger base
than the ammonia when both molecules are present. However, since the amino acids fail to form
clusters of the critical cluster size at appreciable amounts and are much less prevalent than other
bases like ammonia, glycine and serine are unlikely to participate in cloud condensation.
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Conformational analysis and docking study of Retinol-binding protein 4 (RBP4)
antagonists
Chloe Brown and George C. Shields *
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States
Stargardt disease, also known as STGD1, is an autosomal recessive disease that slowly
damages central vision. Mutations in the photoreceptor-specific ATP binding cassette transporter
ABCA4 gene cause Stargardt disease. Studied mice with mutations in the ABCA4 gene
accumulated all-trans-retinal and A2E, a toxic by-product, in the retinal pigment epithelium
(RPE). Like mice, humans can form a harmful substance in the RPE called lipofuscin.
Lipofuscin is a toxic autofluorescent, yellow-brown aging pigment. As organisms age, lipofuscin
accumulates in post-mitotic cells, like RPE cells. Lipofuscin can induce apoptosis and cause
photo-oxidative damage. Accumulated lipofuscin in the RPE is one of the cited causes of
Stargardt disease. In 2014, a study discovered a connection between circulating retinol and
accumulated lipofuscin in RPE. Essentially, reducing the amount of retinol delivered to the RPE
through lowering the circulating Retinol-binding protein 4 (RBP4) decreases the buildup of
lipofuscin in the RPE. Retinol, also known as vitamin A, is a fat-soluble vitamin in the
bloodstream. Once retinol reaches the RPE, it can drive the vision cycle and thus promote the
formation of vision cycle byproducts like lipofuscin. For retinol to enter the RPE, it must first
bind to its carrier protein, RBP4. When RBP4 is bound to retinol, it can form a complex with
another protein called transthyretin (TTR) when in its tetrameric form. The RBP4-TTR complex
makes RBP4 less susceptible to glomerular filtration. Currently, there is no cure for Stargardt
disease. The goal of our study is to discover more small molecule protein-protein interaction
(PPI) inhibitors that disrupt interactions between TTR and RBP4 and therefore decrease the
accumulation of lipofuscin in the RPE. We conducted a computational analysis and docking
study on various RBP4 antagonists in hopes of finding more therapeutic drugs to treat Stargardt
disease.
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Computational investigation of the secondary aerosol system H2SO4-HNO3-HCl-NH3(CH3)2NH-(H2O)n
Anna Byerly, George Shields*
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States
We have used ab initio quantum mechanical methods to study the hydration of a secondary
aerosol system containing sulfuric acid, nitric acid, hydrochloric acid, dimethylamine, and
ammonia. We calculated highly accurate Domain-based Local pair-Natural Orbital-CoupledCluster/Complete Basis Set (DLPNO-CCSD(T)/CBS) energies on DFT geometries for
(H2SO4)(HNO3)(HCl)(NH3)((CH3)2NH)(H2O)n where n=0-3. Equilibrium constants were then
calculated for every possible monomer combination using the resulting Gibbs free energies. The
calculated equilibrium constants were then used along with initial monomer concentrations to
predict which clusters were most likely to be present at the top and bottom of the troposphere.
Herein we discuss if this system is likely to form in the atmosphere and HCl role in the formation
of pre-nucleation clusters.
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Analysis of CB1 receptor-agonist molecular dynamics data to explain conformational
stability of the activated receptor
Thomas J. Caldarera,1 Erin R. Borst,1 Emma Chavez,1 Dr. Mahmoud Moradi,2 and
Dr. Caitlin E. Scott1
1
Department of Chemistry, Hendrix College, Conway, Arkansas
2
Department of Chemistry and Biochemistry, University of Arkansas,
Fayetteville, Arkansas
The cannabinoid CB1 receptor is a G-Protein Coupled Receptor (GPCR) in the
central nervous system that can elicit a variety of responses, such as feelings of
euphoria, hunger, or pain relief, when activated by an agonist. A range of substances,
from chocolate to marijuana, contain compounds that act as agonists to generate these
feelings of hunger and euphoria, but it is also believed that medications could be
designed to activate this receptor and relieve pain. Although there are no FDA approved
pain medications that target this receptor, finding new activated conformations of CB1
can help drug designers create novel medications that will stabilize and activate the
receptor to generate pain relief. We investigated the impact an agonist has on the CB1
receptor’s activated conformations. We used AMBER software to perform 100 ns NPgT
molecular dynamics simulations in triplicate on two systems: 1) the agonist-bound
AM841-CB1 receptor complex and 2) the CB1 receptor with the agonist removed. The
RMSD values were 1.76 +/- 0.18 Å and 1.47 +/- 0.22 Å for the cases with and without
the agonist, respectively. The simulations with agonist bound to the CB1 receptor
showed an average of 270 +/- 8 hydrogen bonds within the receptor, and the CB1
receptor without the agonist showed an average of 272 +/- 7 hydrogen bonds. Finally,
the values for the average number of salt-bridges formed are 16 +/- 3 salt-bridges and
11 +/- 3 salt-bridges, for the cases with and without the agonist, respectively. These
data reveals that the two cases of the receptors with and without agonist have similar
conformations which implies that the agonist does not play an important role in
stabilizing the active conformation of the receptor. Further studies can be conducted to
identify if the Gi protein is the key component in stabilizing the CB1 receptor’s active
conformation.

Computational investigation of polyphenols
as aggregation inhibitors of
Poster 11
Amyloid β as it relates to Alzheimer’s Disease
Christine Chen1, Bill Miller III1
1

Truman State University Department of Chemistry

Alzheimer’s Disease is a neurodegenerative disorder resulting in memory loss and decline of a person’s ability
to function independently. It is the most common cause of dementia and a leading cause of death in the United
States. Currently, there is no cure; therefore, further research is needed.
Scientists believe Alzheimer’s Disease occurs due to the buildup of plaques created by the aggregation of
protein fragments, called Amyloid Beta (Aβ), on nerve cells. An Aβ structure of interest is Aβ(1-42), the first
42 amino acids of the Aβ peptide. Stability of Aβ(1-42) comes from hydrogen bonding within the backbone of
the peptides. Plaques are formed when many Aβ peptides interact and form strong intermolecular interactions.
The goal of this research is to discover a drug that disrupts interactions between Aβ fibrils. Using computational
chemistry methods, interactions between the polyphenol and Aβ can be modeled to understand the development
of Alzheimer’s Disease.
In addition, Thioflavin T (ThT) is a molecule used in wet labs to quantify Aβ disaggregation using fluorescence.
However, the chemical effect of using ThT on Aβ disaggregation is unknown. Therefore, computationally
modeling the interactions between the polyphenols, Aβ, as well as ThT provides a mechanistic understanding of
results from wet labs.
Computational methods such as molecular docking and molecular dynamics (MD) simulations were used to
evaluate fifteen common polyphenols. MD predicts the dynamics interactions in physiological conditions
between these potential polyphenol inhibitor molecules, Aβ, and ThT, which helps determine the efficiency of
these polyphenols as aggregation inhibitors of Aβ. Preliminary docking results show the polyphenol structures
dock to the N-terminus of Aβ(1-42), which is consistent with published literature.
Using results from structural and energetic analyses, the effectiveness of the potential polyphenol inhibitor
molecules in breaking up the Aβ aggregates are determined to aid in proposing a mechanism for Aβ
disaggregation.
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Figure 1: An Aβ aggregate (gray) docked with ThT (blue) and a potential polyphenol inhibitor molecule:
Gossypetin (multi-colored). The molecular dynamics simulation was run for 2000 ns.
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Predicting Stacking Interactions of Drug-Like Heterocycles with Nucleic Acids
Audrey V. Conner and Steven E. Wheeler
Department of Chemistry, University of Georgia
Athens, GA 30602
Stacking interactions, or face-to-face interactions of aromatic rings, are a key
type of non-covalent interaction in drug design, as these interactions impact how well a
drug will bind to its target. A major challenge in the design of RNA- and DNA-targeting
drugs is modulating the strength of stacking interactions between heterocyclic
components of drugs and binding site nucleobases. We are developing predictive
models of the strength of stacking interactions between drug-like heterocycles and the
RNA and DNA nucleobases based on accurate interaction energies from high-level ab
initio quantum chemistry methods. First, we show that a model previously developed by
Harding et al.1 for stacking interactions of natural and artificial nucleobases accurately
predicts the best possible stacking of a heterocycle with the five nucleobases. This
model depends on the heavy (non-hydrogen) atom count and a descriptor developed by
Bootsma et al.2 based on the range of the electrostatic potential (ESPrange) in a plane
3.25 Å from the heterocycle/nucleobase. Second, we show that the use of ESPrange
values derived from the heterocycle connectivity alone3 in this model provide
reasonably accurate predictions at essentially zero computational cost. Finally, we
describe a computationally efficient method for predicting the strength of stacking
interactions of heterocycles with nucleobases for any parallel stacked geometry based
on estimates of the electrostatic and dispersion components of the interaction. Currently,
the electrostatic interaction is estimated using quantum chemistry derived atomic
charges of the heterocycle and interpolated ESP values due to the nucleobase at the
positions of the heterocycle atoms. The dispersion component is based on the aiD3
model of Herbert et al.4 This approach provides accurate stacking interactions across
3,000 local minimum energy parallel stacked dimers of heterocycles with the five
nucleobases. However, for non-optimized stacked dimers the accuracy is far worse,
particularly for closely stacked dimers.

References
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Bootsma, A. N.; Wheeler, S. E., Converting smiles to stacking interaction energies. J
Chem Inf Model 2019, 59 (8), 3413-3421.
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Analysis of the AT-hook binding to DNA
George R. Crumpler III, James M. Dudley, Karen Buchmueller, George Shields
Furman University, Department of Chemistry
AT-hooks are defined by a core sequence of Arg-Gly-Arg-Pro amino acids, also called the
RGRP sequence. These AT-hooks are important for binding in the AT-rich regions of the minor
groove in DNA. When the AT-hooks are flanked by peptides on either side they form a protein.
The proteins which can bind to the minor groove are known as high mobility group A (HMGA)
proteins. These proteins are known to impact many biological, metabolic, and pathological
processes via gene expression. HMGA proteins can bind to the minor groove due to being
intrinsically disordered. This unique property allows these proteins to be very flexible and bind
to structures such as DNA. When the AT-hook binds, it forms a crescent-like shape, matching
the shape within the minor groove. The flanking amino acids assist the AT-hook in binding to
the DNA. Although the AT-hook and the importance of the flanking residues is understood, the
significance of certain flanking residues is unknown. Using AmberTools20, 10 different peptides
of interest were generated in a FF19SB forcefield and a 10 angstrom OPC waterbox. Peptides
were then run through the 4 stages of MD to simulate the peptide within the body and reduce
potential errors. In addition, hairpin models of DNA were simulated using Xiao-Lab, using
3dRNA/DNA model and a FF14SB forcefield through AMBER. Using average structures
generated from the peptides and DNA, a simulation docking the peptide to the DNA will be
done.
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ANALYZING BINDING OF EACH SEGMENT OF A DISORDERED PEPTIDE TO AN SH3 DOMAIN
Adriana Cuibus, 2024, Ray East, 2023, Elliott Stollar, University of Liverpool, K. Aurelia Ball,
Skidmore College, Chemistry Department

The yeast AbpSH3 domain is involved in cellular signaling and cytoskeleton regulation. AbpSH3
binds to ArkA17, a disordered region of the yeast actin patch kinase that has been shown to
have the highest affinity for AbpSH3. ArkA17 is made of two segments, and it is crucial to
understand how one segment of ArkA17 might cause the domain to change structure and allow
the other segment to bind differently, an effect known as allostery. Segment 2 is responsible for
binding specificity, so it is important to understand the allostery of independent segment 2
binding. We use all-atom molecular dynamics simulations to characterize how ArkA17 segment
2 interacts with the domain. Based on these simulations, the conformation and dynamics of the
bound proline-rich segment 1 with the AbpSH3 domain is not affected by the absence of
segment 2. Contrastingly, recent results show that segment 2 binding is impacted by the
absence of segment 1, showing a high degree of flexibility. The presence of the central lysine
residue that links the two segments together shows stabilization of segment 2 binding to the
domain. Future work includes running simulations of segment 2 with a filler region in place of
segment 1 to learn how segment 2 would interact with the domain as part of a longer peptide,
but in the absence of segment 1.
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Benchmarking Density Functional Theory Methods for Toxicity Prediction
in Aqueous Electrophiles
Zheyu Cui, Daisy N. Grace, M. Onori Luchera, Carsten Prasse, Heidi P. Hendrickson

Recently, toxicity of organic electrophiles detected in drinking water has become a
major concern with respect to water quality. General analysis focuses primarily on
individual compounds and evaluation of a single kind of mixture. As a result, novel
strategies to evaluate chemical mixtures and detect species responsible for the
observed toxic effects is of great need. Computational approaches can be used to
predict electrophilicity of a molecular compound, which is a significant predictor of
the toxicity. However, the level of theory used to calculate electrophilicity has not
been thoroughly benchmarked in the literature. In this study, we utilize density
functional theory (DFT) to calculate the electrophilicity for various organic
electrophiles, in order to determine which method best correlates to toxicity values
and the reason behind it. What’s more, the study also aims to determine whether
the correlation depends on the type of electrophile involved in the reaction, by
investigating the relation between electrophile reaction type and toxicity. DFT
calculations were carried out, utilizing Gaussian 16, for a set of electrophiles with
known RC50 values. Resulting orbital energies were collected and analyzed using
in-house scripts. Linear regression analysis was used to determine the correlation
between calculated electrophilicity and experimental RC50 values. Different types
of electrophilicity calculations were applied for comparison.
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A Molecular Dynamics and Docking Study of the AT-Hook DNA
Binding Motif
James M. Dudley, George Crumpler, Karen Buchmueller, George C. Shields
Department of Chemistry, Furman University, Greenville, SC 29613
The AT-hook motif is a common peptide motif that interacts with DNA and is defined by
three factors: a core Arg-Gly-Arg-Pro sequence, a flanking sequence consisting of high
percentage of positively charge residues, and regional intrinsic disorder. This sequence was first
discovered in the human protein HMGA1 as a minor groove binder specific to AT-rich regions
of DNA. It is known that when the core sequence binds to DNA, it converts to a planar crescent
that helps to open the DNA minor groove so that transcription factors can more easily bind. The
flanking residues, which vary between proteins, assist in associating with DNA. This study
focuses on improving what is currently known by looking at 10 peptides and five DNA hairpins
to analyze structural and energetic changes that occur as a result of AT-hook binding. Using an
online web server Xiao-Lab, which utilizes 3dRNA/DNA to generate hairpin models of DNA
and minimizes the structure by AMBER using the ff14SB forcefield. AmberTools 20 was
responsible for generate the 12 amino acid long peptides, which were then ran through AMBER
molecular dynamics software using the ff19SB forcefield in an OPC water box. Similar
methodology was used to run molecular dynamics on the DNA hairpins, however this time using
the OL15 DNA-specific forcefield. Using the molecular dynamics simulation’s average
structures, a docking study will be performed to understand the specifics behind AT-hook
binding such as: structural changes, binding free energy, and relative dynamics.
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Investigation of Lead Phase Transitions When Confined in a Carbon Matrix Using
Molecular Dynamics Modeling
Zoë Dunlap and Dr. Kelly Anderson
Department of Chemistry, Roanoke College
Salem, Virgina
Using molecular dynamics, we investigated the effect of the strength of interfacial
interactions on phase changes. In particular, we examined the impact of changing the values of
sigma and epsilon within the Lennard-Jones potential on the melting behavior of a lead pore
confined within a carbon matrix. It was found that increasing the sigma and epsilon values
greatly impacts the system by increasing the melting and freezing phase change temperatures of
the lead pore. Additionally, manipulating the sigma parameter impacts the ordering of the system
in a solid state; higher sigma values cause a greater degree of order in the nucleation of the lead
crystal. The LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) program
on the Palmetto cluster interface was used to modify and run various simulations; VMD (Visual
Molecular Dynamics) program was utilized to confirm the occurrence of successive phase
transitions.
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Proline isomerization compensates for the effect of phosphorylation in
conformations of the disordered RNA Polymerase II CTD
Ray East ‘23, Lizbeth Mendoza ’25, Wei Chen1, Scott Showalter1, Aurelia Ball
Department of Chemistry, Skidmore College, Saratoga Springs NY
Pennsylvania State University1
RNA Polymerase II transcribes mRNA and modifies chromatin in cells. The largest
subunit of this complex contains a C-terminal domain (CTD) that is an intrinsically disordered
protein with a repetitive amino acid heptad sequence making the domain very difficult to study.
Kinases and phosphatases regulate the CTD through post-translational modifications (PTMS)
We use molecular dynamics simulations to analyze how the CTD domain is impacted by
phosphorylation. Results show that due to proline isomerization, the domain can move
reversibly between a compact and extended structure. The phosphorylated CTD domain
samples more prolines in cis, which compensates for the effect of phosphorylation resulting in
the domain functioning similar when unphosphorylated. Future work includes running
simulations changing the 14th amino acid from asparagine to serine as we hypothesize that the
interaction between threonine and asparagine increase isomerization.

Poster 19

Temperature and vibrational frequency analysis of the hydrated 1ethyl-3-methylimidazolium acetate room temperature ionic liquid
Jahleel W. Fauntleroy and Sarah N. Arradondo
Department of Chemistry, Washington College, Chestertown, MD 21620 USA
Abstract
Room temperature ionic liquid (RTIL) are ionic liquids that are used at room temperature. Ionic liquids
are versatile compounds that have benefited the scientific community through being a cheap and
affordable alternate solvent. This research uses computational chemistry to characterize RTIL
molecular systems to determine what effects temperature has on structure and energy relativity. The
computations were performed using the B3LYP-D3 density functional method and the aug-cc-pVDZ
basis set. The results showed that most configurations of the 1-ethyl-3-methylimidazolium cation and
acetate anion created a distorted π-stacking orientation. Notable shifts in the harmonic vibrational
frequencies could be seen upon the inclusion of a water molecule. In all of the hydrated configurations,
the water molecule was forming a hydrogen bond with the oxygens on the acetate anion. Some of the
constraints on this experiment come from lack of time and only being computed in one method and
basis set.
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A Search for Stable Ouroboric Borylenes
Ulrick Gaillard, Noah Walker, and Kelling Donald*
Department of Chemistry, Gottwald Center for the Sciences, University of Richmond, Richmond Virginia
23173, United States
Abstract: The potential roles of stable isolated borylenes in modern synthetic chemistry motivates the
interest in locating them. Using density functional theory and ab initio methods, the thermochemistry,
aromaticity, and electronic properties of seventy-two borylenes are examined. This group of borylenes is
composed of both 5- and 6- membered rings, each with different substitution patterns. In these systems,
cyclization relies on dative-σ and π donations to the boron center from O centers in the rings. Certain 5membered rings exhibit strong preferences for the singlet multiplicity, with singlet-triplet separations in
excess of 40 kcal·mol-1. Relationships linking bond order and covalent bond strength in BO interactions,
reinforced by π-delocalization, are also identified.

This image is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license.
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Defects, graphs and route-finding:
Probing ion transport using time-based centrality
Konrad S. Gomez-Haibach1, 2, Maria A. Gomez*2, Andrew Carl Grieder3 and Nicole Adelstein4
1

WPI, 2Mount Holyoke College, 3University of California Santa Cruz, and 4 San Francisco State

Using the inverse of the average time to first return to the initial site as a centrality measure, we
assessed ion conduction in the presence of other conducting ions. High centrality locations have short
return times. Short return times occur when the ion is either on a fast path which travels periodically
through the system, a highway, or the ion only travels through nearby sites and returns quickly, a trap
region. Centrality measure images allow us to see both ion traps and highway paths through the system
at once. These high centrality sites appear dark in our model. Considering the removal of vertices from
the original connected graph when they are occupied by other ions (top image), we calculated the
fundamental matrix centrality shortened by the removal of rows and columns corresponding to the
removed vertices. The centrality image showed that a second proton moves close to the first proton in
yttrium doped barium zirconate as seen in the bottom left image. In amorphous LLZO (Li7La3Zr2O12),
centrality highlights remaining long pathways, which are taken by kinetic Monte Carlo as seen in the
bottom right image. However, the noise in graph parameters can significantly distort the resulting
centrality image. Despite this, centrality measures seem to be useful even with the removal of vertices
or possible sites for the conductor.
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Construction of Simulation Structures for the Examination of the Interaction between
Glutathione and Silver Nanoparticles
Samantha Gonzalez and Clyde A. Daly Jr.
Department of Chemistry, Haverford College, Haverford, PA 19041
Nanomedicine is based on particles with dimensions less than 100 nm and can improve human
health in the decades to come. Engineered nanoparticles have the potential to play a role in drug
delivery, therapeutics, diagnostics, and antimicrobial development. In particular, silver
nanoparticles (AgNPs) are promising agents for use as antimicrobials. It has been long known
that silver ions (Ag+) are toxic to bacteria. AgNPs have huge surface area to volume ratios,
increasing the ion release rate. However, the dissolution mechanisms of AgNPs seem to be
affected by solution conditions. Recent experiments have shown that the presence of a protein
corona, a biomolecule coating on the surface of a nanomaterial, affects AgNP dissolution
kinetics. Specifically, glutathione (GSH) has been shown to enhance Ag + dissolution at moderate
concentrations, but reduce dissolution at low and high concentrations. To analyze the impact of
protein corona formation on ion dissolution, molecular dynamics simulation structures composed
of H2Citrate-1, Citrate -3, GSH, and AgNPs were constructed. Two molecular simulation
structures were successfully created that can be used in the future to model the impacts of
biomolecules on ion dissolution.

Poster 23

Creating a Spectroscopic Map for a Polarizable
Model of CO2 Solvated in [BMIM][PF6]
Rowan J. Goudy1, Ethan L. Silva1, Scott I. Kaiser1, Logan E. Smith1, Marie E. Nikolov2, and
Clyde A. Daly Jr. 1
1. Haverford College, Department of Chemistry
2. Bryn Mawr College, Department of Chemistry
There is a great deal of interest in using ionic liquids (ILs) as green design materials for a
variety of applications, including carbon capture. Molecular dynamics (MD) simulations based
on charge scaled force fields have been used in the past to study the properties of CO2 solvated in
ionic liquids in collaboration with infrared (IR) spectroscopy experiments. Charge scaled force
fields allow one to avoid the need to simulate charge transfer and polarizability within MD
simulations but the scaling factors are highly empirical and reliable only for specific ILs.
Simulations can explicitly include atomic polarization using methods such as the Drude
oscillator model and thus be more physically accurate without the need for charge scaling.
Accurate molecular dynamics simulations are desirable for many uses, including vibrational
spectroscopy calculations. In particular, the asymmetric stretch frequency of CO2 has been found
to be an excellent reporter of CO2 solvation structure and dynamics in ionic liquids. A significant
challenge is that simulations which monitor vibrational frequency fluctuations directly are
extremely computationally expensive because they require quantum calculations at every
timestep. Spectroscopic maps can empirically correlate observables from a molecular dynamics
simulation to the frequency in a known structure and accurately estimate frequencies on faster
timescales. Efficient algorithms were developed to extract observables from MD simulations.
The observables calculated were based on the Symmetry Adapted Perturbation Theory (SAPT)
decomposed energies from which the force field was parameterized. These observables were
extracted from an MD simulation of CO2 in [BMIM][PF6], one of the most commonly studied
ionic liquids. The observables were used to create spectroscopic maps based on multilinear
regression and artificial neural networks. The current models have difficulty predicting the
vibrational frequencies. Future work includes the extraction of new observables that have a better
likelihood of correlation and hyperparameter optimization for our models.
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Studying the Biophysical Differences Between Mutants of Escherichia coli CFA/I Pili
Iknoor K. Grewal,1 Ifrah F. Malik,2 Joseph L. Baker1
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2.

Department of Chemistry, School of Science, The College of New Jersey, Ewing, NJ, 08628
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CFA/I pili are long protein filaments found on the surface of enterotoxigenic Escherichia coli (E.
Coli), also known as ETEC. They are an essential component of ETEC that allow the bacteria to
attach to and colonize the intestinal lining of the host body during infection, which can lead to
diarrhea and mortality. We investigated the differences between the dynamics of mutated and
non-mutated CFA/I pilus models in order to explore the extent to which the amino acids Thr39,
Met46, Leu72, and Ser106 impact filament biophysical properties. To study pilus dynamics we
used the software AMBER to carry out equilibrium molecular dynamics (MD) simulations as
well as steered molecular dynamics (SMD) simulations to extend the filament under force. SMD
mimics the forces that the CFA/I pilus would be required to withstand in vivo in order to
maintain attachment and achieve persistent infection. From our simulations we compare the
dynamics of mutated and non-mutated pili by analyzing filament stability at equilibrium and the
force required to break contacts during filament unwinding.

Thr39: Blue
Met46: Yellow
Leu72: Orange
Ser106: Red

VMD image of CFA/I pilus with locations of point mutations shown in VDW representation
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Matrix Effects on O-HX Hydrogen Bond Strength: DFT Predictions and Infrared Spectroscopy
Jacob Hahr, James A Phillips (mentor)

Department of Chemistry and Biochemistry University of Wisconsin-Eau Claire

This project deals with hydrogen bonding between HCl and sp3 or sp2 oxygen acceptors
such as acetone, methanol, and acetic acid. The key issue is the extent to which inert noble gas
matrix environments strengthen these interactions. We investigate these complexes with low
temperature infrared spectroscopy and DFT calculations. Infrared frequency shifts for the H-X
bond correspond hydrogen bond strength, and we track these as a function of methyl
substitution as well as matrix host. In an extensive validation study, M06, M062X, and M052X
were found to be the optimal DFT methods that best reproduced high-level binding energies
and experimental structure results for the H2O-HCl and H2O-HBr complexes. The binding
energies for H2O-HCl, Methanol-HCl, and DME-HCl are -5.5 kcal/mol, -6.3 kcal/mol, and -6.9
kcal/mol, respectively, illustrating that methyl substitution slightly increases hydrogen bond
strength. The binding energy for H2O-HBr is -4.5 kcal/mol, which is less than H2O-HCl, implying
HCl forms stronger H-X bonds than HBr. We found two stable isomeric structures for the Acetic
Acid-HCl complex, and the lowest energy form had the HCl hydrogen bonded to the sp3 oxygen.
In addition, we compared predicted H-X frequency shifts in the systems to the published data
for nitrogen and argon matrices. Forthcoming results from neon matrix experiments may also
be discussed.

(CH3)2CO-HCl
1.812 Å

O
C

C
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Computational Analysis of Water Catalysis on Prebiotic Peptide Bond Formation
Shannon E. Harold, Skyler L. Warf, George C. Shields*
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States
One of the primary questions regarding prebiotic peptide formation is how to overcome
the thermodynamic and kinetic barriers of dehydration synthesis reactions in aqueous solution. In
this study, we examine the effects of gas phase nanodroplets of water that could have existed in
the prebiotic atmosphere on the formation of the triglycine transition states. Triglycine transition
states are calculated in cis and trans conformations as well as forming from N-to-C terminus and
C-to-N terminus. The activation energies for each transition state as well as for the sequential
addition of water molecules were calculated with the ωB97X-D/6-31++G** level of theory
along with the domain-based local pair natural orbital coupled-cluster with single, double, and
perturbative triple with a complete basis set extrapolation (DLPNO-CCSD(T)/CBS). This set of
calculations narrows the negative vibrational modes down to one. Transitions states have one
imaginary frequency, as that one vibrational mode disappears during the reaction. Following
these steps, we ran intrinsic reaction coordinate (IRC) calculations to look at the entire reaction,
making sure the transition state started and finished with the desired products and reactants. Our
results indicate a drop in activation energy of each transition state with the sequential addition of
water that is most apparent at 217K which corresponds to the troposphere layer of the
atmosphere. Therefore, as these clusters continue to grow, we expect a drop in activation energy
up to a certain number of waters due to stabilizing networks of hydrogen bonds that improve the
kinetics of peptide bond formation and glycine residues.
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Developing a Spectroscopic Map for Modeling the Vibrational
Frequencies of Terminal Alkyne Probes
Theresa A. Haupt, Kristina Streu, Sara Hunsberger, and Clyde A. Daly Jr.
Haverford College, Department of Chemistry
Alkynes serve as effective probes in biochemical vibrational frequency studies because of
their unique and strong Raman signals at frequencies where biological molecules are Raman
inactive. Molecular dynamics (MD) models of these signals can provide deep molecular and
mechanistic insight. In order to model such alkyne-probed biochemistry experiments, an efficient
method for calculating alkyne vibrational frequencies must be explored; here we seek a
spectroscopic map. Investigations of alkynes in different solvent environments can aid in
developing a universally applicable spectroscopic map for predicting accurate vibrational
frequencies and deepening our understanding of alkyne vibrational modes. Seven terminal
alkyne probes were solvated in water using Packmol and parameterized with the CHARMM36
forcefield. These systems underwent MD simulations to capture snapshots of the probe
interacting with the surrounding solvent molecules. Once extracted, the snapshots can be treated
quantum mechanically to determine the alkyne vibrational frequencies in each system. In this
work, we ran these MD simulations, developed snapshot extraction code, and have begun to run
quantum calculations on the 1000 MD snapshots of each probe in water. Future work will be
focused on extracting features from these snapshots and training a spectroscopic map.
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The Nature of Bonding of Group 5 Oxyhalides: Sigma-hole
Interactions and Charge Transfer
Donovan Hoilette Jr, Gabriel Stewart, Kelling Donald*
Gottwald Center for the Sciences, University of Richmond, Richmond, Virginia

Crystal structures of the Group 5 Oxyhalides (MOX3; M = V, Nb, and Ta; X = F, Cl, Br, and I) suggest that
sigma holes on the M center foster the arrangement of dimers in the extended solid. This allows dimers
to be formed multiple times over, causing the formation of crystal structures. We examine the nature of
this sigma hole to understand the overall Impact on the structure of these dimers and the vertical stacking
arrangement in the solid of one dimer on another such that the lone pair of the O aligns with the sigma
hole induced on M. The analysis relies on structural optimizations, frequency and bond analyses using the
Gaussian software and calculations at the B3LYP (and wB97XD) levels in tandem with the ccpVTZ basis
sets (and Stuttgart-Cologne small core pseudopotential on I). We provide an account for the patterns in
the charge transfers between the stacks of dimers and structural motifs adopted by the oxyhalides as the
M atoms and the halogen substituents get larger going down the group. These types of weak O---M
interactions are design elements that can be incorporated into novel materials and may already exist in
other systems. A goal of this project is to identify other such cases where weak O---M bonds are supported
by sigma hole interactions.
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Pete Hwang
Weir Laboratory
Probing GNN Codon Enrichment and Ribosome Function
Pete Hwang, Evelyn Zhou, Sophia Pogliano, Fox Hayes, Kristen Scopino, Daniel Krizanc,
Kelly M. Thayer, and Michael P. Weir
Departments of Biology, and Mathematics and Computer Science
Wesleyan University, Middletown CT 06459
The ribosome CAR interaction surface is hypothesized to provide a layer of translation regulation through
hydrogen-bonding to the +1 mRNA codon that is next to enter the ribosome A site during translocation.
In a previous study, we used molecular dynamics simulations to investigate the codon sequence
specificity of this CAR-mRNA interaction and discovered a strong preference for codons with the first
two positions as guanine and cytosine (GCN), suggesting that there may be a sequence-dependent layer of
translational regulation dependent on the CAR interaction surface. The strength of the hydrogen-bonding
interaction with the +1 codon is also hypothesized to depend on stress-sensitive modification states of
CAR and residues in the decoding center neighborhood. In this study, we used sequence bioinformatics to
investigate the relationship between GCN codon enrichment tendencies and levels of gene expression in
yeast cells under stressed conditions. A negative correlation was found between the two, suggesting the
presence of translational regulation, possibly mediated by CAR.
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Conformational Analysis of μ-Opioid Receptor Agonists
Leah Juechter, Brenna Outten, Lauren Jones, Taylor Aishman, Caitlin Scott*, George Shields**
*Department of Chemistry, Hendrix College, Conway, Arkansas 72032, United States
**Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States

Opioids are widely administered to treat acute and chronic pain; however, the abuse of
prescription and illicit opioids is a major health crisis as it is the leading cause of death by
overdose in Europe and North America. When an opioid agonist binds to the μ-opioid receptor
(MOR), it elicits both positive and adverse effects. The Gi protein pathway is believed to be
responsible for the beneficial effects and the β-arrestin pathway regulates the adverse effects. In
order to develop novel pain treatments, we need to understand how known opioids effect the
activation of these two pathways. In this study, we aim to use computational methods to gain
insight into the bound and unbound states of opioid ligands, and identify the regions of specific
steric and electronic features that must be present for opioid ligands to bind tightly to the MOR.
Therefore, we considered two hypotheses about ligand conformations: (1) the most active
ligands have their lowest free energy conformations already arranged prior to being bound to the
MOR such that they will bind tightly, or (2) the MOR adopts new positions that optimize the
MOR-ligand binding free energy, such that even high energy conformations of the ligands may
bind tightly. First a large set of rough, approximate geometries were generated using a PM7
semiempirical genetic algorithm (GA) that is implemented in CREST. The geometries were
further optimized at the ωB97XD density functional with the 6-31++G** basis set and electronic
energies of the final set of low-energy conformations were calculated at the DLPNO-CCSD(T)cc-pVnZ//ωB97XD/6-31++G**/SMD (N= D, T, Q) level of theory at 298 K and 310 K in order
to assess the biological viability of these conformers. All calculations were computed using the
SMD solvation node to produce structures that are optimized in aqueous solution. Glide software
was used to dock the predicted ligand conformations to the crystallized inactive mouse muopioid receptor (PDB ID: 4DKL) and the active mouse mu-opioid receptor (PDB ID: 5C1M).
The ligands we analyzed in this study are BU72, which is an extremely potent opioid with a
known crystal structure, morphine, and fentanyl. Results of BU72 docked to the MOR has shown
that when the low energy conformers bind to the MOR they adopt a higher energy conformation
similar to the crystal structure. As for fentanyl and morphine, as of right now there is no crystal
structure to compare, but their geometries change when bound to the MOR. For example,
fentanyl when optimized in solution has more of a clustered shape where the phenol rings are,
but in the MOR it becomes more linear. We hypothesize this is due to the crucial interactions the
ligands have to make with Asp 147 and Tyr 148 residues within the binding pocket. Future
research includes repeating these methods with known antagonists such as naloxone and
naltrexone, and analyzing how the boat and chair conformation of the C6 ring in the morphinan
backbone common in many opioid agonists and antagonists effects which pathways are activated
when bound to the MOR.
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Machine Learning on the Free Energy Landscape of p53 Captured with Energy
Vectors from MD Simulations
Nabeel Kemal1, Kelly M. Thayer1,2,3
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The Free Energy Landscape (FEL), a representation of the energetic
configurational space underlying the thermodynamics and kinetics of any molecular
process, can be used to describe the conformational substate selection processes of
molecules. Therefore, in the case of a mutated molecule, if the FEL can be restored to
an active state, our working hypothesis is that the activity of the protein will also be
restored. The recent work in our lab has been aimed at building tools and gaining
foundational knowledge pertaining to the conformational dynamics of proteins,
particularly p53. This project focuses on capturing the energetic interactions amongst
p53 residues to be used for machine learning to restore native functionality to Y220C
mutated p53 by the allosteric effector PK11000. The FEL can be captured using results
collected from running cpptraj on data from Molecular Dynamics (MD) simulations.
Using supervised machine learning and energetic training data, we create a linear
regression model to predict the conformational substate selection of a molecule. The
application of this method lies within the ability to determine the capabilities of a drug in
rescuing the native functionality of a molecule.
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Raman spectroscopy is a label-free tool to quantify oxidative stress
Mimi K. Lavin, Daniel Sole-Barber, Casey H. Londergan
Haverford College, Haverford, PA

Oxidative stress is associated with a wide range of diseases, yet there is no way to quantify it
using non-destructive or label-free methods. I am proposing Raman scattering spectroscopy as
a way to quantify oxidative stress through measuring the concentrations of the physiological
molecule glutathione, which exists in reduced and oxidized forms involved in redox cycling. The
concentration of each form of glutathione should be proportional to the integrations of the S-H
and S-S respective peaks in Raman spectra.I am using Python-based data processing
techniques to determine the relative concentrations of reduced and oxidized glutathione in a
variety of in vitro samples, from simple mixed solutions to samples that are full of other species
that create physical and spectral crowding. A streamlined computational workflow for
determining the oxidized and reduced populations of glutathione would enable label-free,
spatially dependent imaging of oxidative stress through Raman microscopy.
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The Effect of an Oxygen Vacancy on Proton Conduction Pathway in
Scandium-doped BaZrO3
Shirui Li, Sujin Cha, Aaditi Chopade, Samira Khan, April Yiqing Pan, Amy Shiying Wang and
Maria A. Gomez*
Department of Chemistry, Mount Holyoke College, South Hadley, Massachusetts 01075, USA

Acceptor-doped proton conductive barium zirconate is a promising fuel cell electrolyte
candidate. Experiments and simulations suggest that an oxygen vacancy (OV) can significantly
alter proton binding energies and pathways in scandium-doped barium zirconate [1, 2]. Starting
from literature potential energy parameters and ab initio calculations, a few empirical potentials
are tested. Each is used to find minima and transition states using the conjugate gradient
optimization and the nudged elastic band method. The minima and transition states are used to
create a proton conduction graph. Graph theory ideas, kinetic Monte Carlo and time-based
centrality measures were used to find periodic proton conduction pathways, dynamic proton
conduction pathways, and a map of highways and junctions near and far from the oxygen
vacancy. We discovered that the most probable pathway far from the OV is consistently dark,
which indicates high centrality, suggesting that it is a fast motion area for proton transfers. The
pathway close to the OV contains both light and dark bonds, which indicates high contrast of
high and low centrality, suggesting that this path has higher energy barrier. In addition, protons
tend to have very limited movements in the KMC pathways, regardless of the distance from the
oxygen vacancies.

Figure 1. The left image shows the centrality of most probable long-range pathway far from the oxygen
vacancy, while the right image shows the centrality of the most probable long-range pathway close to the
oxygen vacancy. The black atom shown in the right image represents the oxygen vacancy. The arrows
indicate the movement of proton. Purple arrows represent “rotation”, and blue arrows represent “intraoctahedral transfer”.

[1] Oikawa, I.; Takamura, H. Correlation among Oxygen Vacancies, Protonic Defects, and the Acceptor
Dopant in Sc-Doped BaZrO3 Studied by 45Sc Nuclear Magnetic Resonance. Chem. Mater. 2015, 27,
6660– 6667, DOI: 10.1021/acs.chemmater.5b02441
[2] Lin, Z., Lin, S., Tian, Y., Van Bokkelen, A., Valerio, M., Gomez, M.A., 2020. Oxygen Vacancies
Altering the Trapping in the Proton Conduction Landscape of Doped Barium Zirconate. The Journal of
Physical Chemistry C 124, 27954–27964. DOI:10.1021/acs.jpcc.0c09461
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A Computational Analysis of H2SO4-HCOOH-HCl-NH3-(CH3)2NH-(H2O)n Clusters
Olivia Longsworth, Conor Bready, George Shields*
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States

We have investigated the thermodynamics of the hydration of a system containing sulfuric acid,
formic acid, hydrochloric acid, ammonia, and dimethylamine using ab initio quantum
mechanical methods. For (H2SO4)(HCOOH)(HCl)(NH3)((CH3)2NH)(H2O)n where n= 0-3, we
calculated highly accurate Domain-based Local pair-Natural Orbital- Coupled-Cluster/Complete
Basis Set (DLPNO-CCSD(T)/CBS) energies on DFT geometries and used the resulting Gibbs
free energies for cluster formation to compute the equilibrium constants for every possible
cluster. The formation of clusters at the top and bottom of the troposphere were predicted using
initial monomer concentrations as well as the equilibrium constants. Our results show the
formation of (H2SO4)(HCOOH)(HCl)(NH3)((CH3)2NH)(H2O)n for n= 0-2 at 217K, which is the
top of the troposphere. Additional clusters containing HCl have also appeared to have
concentrations of atmospheric relevance at 217K. Herein we discuss atmospheric relevance of
HCl in pre-nucleation cluster formation and its relationship with other atmospheric constituents.
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Investigating the Impact of Alanine Mutations on the Strength and Stability of the
Escherichia coli CS20 Pilus
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Enterotoxigenic Escherichia coli (E. coli), also referred to as ETEC, is a gram negative bacteria
that has the ability to stick to the cell surfaces of the gastrointestinal tract using long,
extracellular protein filaments called pili. Infection with ETEC can cause symptoms such as
diarrhea and vomiting, and in some cases could be potentially life-threatening. CS20 is a specific
pilus found in ETEC that uses adhesive interactions to latch onto intestinal epithelial cells, and it
must withstand large forces to remain attached. To assess the strength and stability of CS20 pili,
we use molecular dynamics simulations to simulate a short pilus segment in its wild-type form as
well as with alanine substitutions of Asn5, Asp6, Thr93 and Lys124. We carry out simulations
under equilibrium conditions and also use Steered Molecular Dynamics (SMD) to simulate pilus
extension under force. These simulations allow us to investigate the dynamics of CS20 pili and
to determine the most critical interactions for their stability and strength. Specifically, we study
the pilus uncoiling pathway and the role that mutated amino acids play in the structure.

VMD image of CS20 7mer structure including the positions of mutated amino acids Asn5, Asp6,
Thr93, and Lys124 (shown in VDW representation). (Asn5: Red; Asp6: Brown; Thr93: Green;
Lys124: Purple)
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Theoretical Analysis of Structures and Gibbs Free Energies of Sulfuric Acid-Ammonia Clusters

Brian Mapakamise, Luke A. Kurfman, George C. Shields.
A number of past studies have highlighted the impact of sulfate aerosols on our earth’s
systems. However, when it comes to determining mechanisms in which they form as well as
accurately quantifying the ambient concentrations of their precursors, there is still a significant
uncertainty. Accurately quantifying the precursors of the cluster is an urgent input toward our
current climate change models. This study focuses on large sulfuric acid ammonia (SA-A)
clusters. The most recent study on SA-A clusters has reported up to 20-mer cluster size. Of
those, only clusters of size below hexamers have been subjected to the most rigorous and
accurate DLPNO-CCSD(T)/CBS//DFT calculations. The use of a semi-empirical method to study
large clusters is necessary, because as RAM and CPU power increases, so does our ability to
run calculations to determine the free energies of clusters with DLPNO-based methods, which
are amongst the most rigorous calculations that can be performed on such systems. Thus, our
study seeks to calculate increasingly accurate free energies beyond the octamer in order to
examine the free-energy paths sulfuric acid -ammonia clusters can take. Initially, we obtain our
geometric configuration from secondary databases published in other previous studies. These
structures are then subjected to quantum mechanical calculations using ωB97X-D functionals
with large basis sets. Finally, we determine their thermodynamics information through DLPNO
calculations. This process allows us to determine Gibb's free energy values at a range of
temperatures and be able to estimate the respective concentration of their precursors.
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The Effects of Different Confining Carbon Matrices on the Phase Change Temperature of
Lead
Madalyn A. Markle, Dr. Kelly Anderson
Department of Chemistry, Roanoke College, Salem, VA 24153
As the demand for energy increases, optimizing latent thermal energy storage systems
(TESs) to increase the effectiveness and efficiency of renewable energy sources is crucial. To
gain a better understanding of TESs, an investigation into phase change materials was conducted
to determine if different surfaces of a confining carbon matrix effected the phase change
temperature of lead. Molecular dynamics simulation techniques were used to simulate the leadcarbon systems and an analysis of the phase change temperatures was ran. It was determined that
different crystal lattice structures of a confining matrix impact the phase change temperature of
lead with the freezing points varying by ~50K and the melting points by ~30K. Further
investigations are required to determine the extent of the impact and how different metals are
affected using the same systems.
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Using Molecular Dynamics Simulations and Time-dependent Density Functional Theory
to determine chromophore identity in Freshwater and Marine Turtle Melanopsin
Haleigh M. Marzano, Zoey T. Bragg, Michael S. O’Connor, James R. Dearworth Jr., Heidi P.
Hendrickson
Lafayette College

Opsins are G-protein coupled receptors that play an important role in photoreceptor cells due to
their light absorbing properties. For example, opsins in cone cells (conopsins) are related to
vision by absorbing different colored light, while opsins in rod cells (rhodopsins) are related to
vision by brightness (intensity) of light absorbed. Melanopsin is a photoreceptor involved in
nonvisual light responses, such as circadian rhythms. Recently mRNA of melanopsin orthologs
were discovered in freshwater Turtle iris and retina tissue, but its function and purpose is still
under investigation.
Our lab previously used computational methods to study which chromophores are present in
turtle melanopsin as a consequence of the turtle species fitness for its environment. In typical
opsins, the vitamin A derivative 11-cis-retinal acts as the chromophore bound in the opsin cavity,
but it remains unclear if this is the chromophore present in freshwater turtle melanopsin. Visual
opsins in freshwater turtles are known to contain a different vitamin A derivative,
11-cis-3,4-didehydroretinal, which makes these organisms more sensitive to red than blue light.
Our lab’s previous investigations of chromophore identity revealed that 11-cis-retinal is likely to
be present in the mammalian form of freshwater, Red-eared slider turtle melanopsin. However,
further work was needed to determine if these conclusions can be extended to the
non-mammalian melanopsin form and across different freshwater and marine species.
In the work presented here, computational homology models of melanopsin in freshwater and
marine turtle species were constructed. Quantum mechanics/molecular mechanics (QM/MM)
calculations were carried out to determine how the retinal derivatives bind to both mammalian
and non-mammalian melanopsin in freshwater versus marine turtles. The results of this work
provide insight to related chromophore binding and activation in opsin proteins.
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Unsupervised Ensemble Learning using High-dimensional Spectral Data of
Organic Compounds
Djenerly G. Massena, Kedan He*
Cluster ensemble is an ensemble learning approach for unsupervised learning (clustering) that
uses a set of clustering solutions to achieve a more comprehensive and significant clustering
result than conventional single clustering approaches. This meta-learning formalism helps users
overcome the dilemma of selecting an appropriate technique and the corresponding parameters
given the dataset. Unfortunately, not all clustering solutions in the ensemble contribute to the
final data partition. Cluster ensemble selection (CES) aims at selecting a subset from a large
library of base clustering solutions to form a smaller cluster ensemble that performs as well as or
better than the set of all available clustering solutions. In this paper, we investigate the four CES
methods for categorizing structurally distinct clusters of organic compounds using highdimensional Infrared and Raman spectral data. Different quality indices may be more appropriate
for different data conformations. Thus, the Single Quality Selection (SQI) method is used with
various quality indices to select subsets by including the highest quality ensemble members. The
Bagging method, usually applied in supervised learning, ranks ensemble members by calculating
the normalized mutual information (NMI) between ensemble members and consensus solutions
generated from a randomly sampled subset of the full ensemble. We also evaluated the impact of
the diversity among ensemble members on the final consensus solutions. The hierarchical cluster
and select method (HCAS-SQI) uses the diversity matrix of ensemble members to select a
diverse set of ensemble members with the highest quality. Furthermore, a combining strategy can
be used to combine subsets selected using multiple quality indices (HCAS-MQI) for the
refinement of clustering solutions in the ensemble.
Keywords: Clustering ensemble, Clustering ensemble selection, Hierarchical cluster and
selection, Bagging, Normalized mutual information, Consensus function, High-dimensional
spectral data
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Proline Isomerization and its Effect on SH3 Binding
Lizbeth Mendoza, Ray East, Elliot Stollar, Aurelia Ball
Department of Chemistry. Skidmore College, Saratoga Springs

SH3 domains are one of the most frequent protein interactions in eukaryotes.
Intrinsically disordered proteins (IDPs), which are flexible sequences that change
conformation, commonly bind to SH3 domains. However, since it is difficult to
study these interactions through experimental methods because of the multi-step
binding process, computer simulations of binding can be used to complement
experimental research. Molecular Dynamics (MD) simulations were used to study
the binding between the proline-rich IDP ArkA (K(3)P(2)T(1)P(0)P(-1)P(-2)K(-3)P(-4) S(-5)
H(-6)L(-7)K(-8)) and a SH3 domain found in yeast, AbpSH3. Further examination of
proline isomerization was conducted, where the proline peptide bond undergoes a
conformational change from trans to cis. We then used MD simulations to examine
whether the conformation of ArkA with proline in the 3rd position is in cis while the
others are in trans can bind to SH3 domain. We hypothesized ArkA will not be able
form the bound state if one of the prolines is in cis. 10 binding simulations were
performed over 1 s to test our hypothesis. Most of the simulations show ArkA is
only found in the encounter complex while only 1 simulation shows ArkA is found
in the bound state. It is unlikely that ArkA is found in the bound state but since it
happens in 1 simulation, it may be possible for SH3 binding to occur with proline in
the cis conformation. More simulations should be run to further confirm the
hypothesis. We will also examine the contacts formed in the bound state since when
proline is in cis ArkA is unable to form the polyproline II (PPII) conformation.

Figure 1. SH3 domain and ArkA intrinsically disordered protein
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STABILITY OF THE HIV
VIF-A3F INTERFACE OVER TIME
Elizabeth Miller, Juan Alcantara, Katherine A. Ball
Skidmore College, Department of Chemistry
Viral infectivity factor (Vif) is an intrinsically disordered protein used by
HIV-1 to hijack an immune cell’s natural defenses to prevent viral DNA
degradation. Vif binds to an E3 ubiquitin ligase complex composed of
Elongin B (EloB), Elongin C (EloC), CBF-ß and Cullin 5 (Cul5). In the
ligase complex, Vif acts as a substrate binding protein for the APOBEC3
proteins (A3s), allowing for their ubiquitination and subsequent
proteasomal degradation. Without A3s, HIV-1 can continue to spread to
other cells. A3F is a member of the A3’s family and is targeted by Vif for
ubiquitination. With the use of the crystal structure of A3F bound to Vif
and CBF-ß, molecular dynamic simulations were used to identify the
specific residue interactions in the Vif-A3F binding domain that stabilize
the conformations sampled by the complex. We want to study how the
interface changes over time and how stable it is. Contrasting the
interactions between A3F and Vif residues in the crystal from the
simulation data can help better understand how Vif is affecting A3F.
Through contact maps, interactions between specific A3F and Vif
residues were identified. Principle Component analysis (PCA) was run,
and the preliminary results showed that the VCBC complex with A3F
bound was less flexible than the complex by itself. Future work includes
analysis of allosteric effects to examine how binding A3F can cause
changes in conformation and dynamics of the overall protein complex.
Understanding the molecular basis of Vif’s affinity towards A3F will
allow for the development of treatments that can target and interrupt VifA3F binding, rendering Vif and the rest of the virus useless.
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The Applications of Artificial Chemiluminescence
Amari A. Morton and Sarah N. Arradondo
Department of Chemistry, Washington College, Chestertown, MD 21620 USA
Abstract
Lava lamps are a scientific product where luminol is used to create luminescence within a small lamp
container. We looked at the geometry and energy of basic and neutral versions of luminol using
computational chemistry. The neutral and basic version of luminol differ in the fact that the basic
form does not have hydrogen ions on two nitrogen ions and a carbon ion. The energy difference
between the basic and neutral forms has large enough of a gap to clearly show the higher capacity in
respect to how much energy is absorbed before reaching their excited electronic state, with the neutral
form having the higher excitation energy. The obtained data could be further detailed with the acidic
form of luminol, more levels of theory, and different variables effecting luminol, like temperature, to
perfect a self-sustaining catalyst within a lava lamp.
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Molecular Dynamics Simulations of CO2 in a Variety
of Ionic Liquids
Marie E. Nikolov1, Rowan J. Goudy 2, Logan E. Smith 2, Ethan L. Silva 2 , Scott I. Kaiser 2, and
Clyde A. Daly Jr. 2
1. Chemistry, Bryn Mawr College, Bryn Mawr, PA, United States.
2. Chemistry, Haverford College, Haverford, PA, United States
The rapid rate of greenhouse gas emissions demands an “all hands on deck” approach for
limiting the release of CO2. Carbon capture has the potential to reduce emissions from point
sources and remove CO2 from the atmosphere. However, current carbon capture technologies are
too expensive to be commercially viable. Ionic liquids (ILs) are an option for rectifying this due
to their demonstrated ability to effectively absorb CO2. ILs also possess a myriad of
advantageous physicochemical properties such as high conductivity, low flammability, high
viscosity, high thermal stability, and chemical tunability through the identity and functional
groups of their composite ions. Chemical design of ILs can be enhanced with vibrational
spectroscopy, which measures molecular motion and structure. Examining the asymmetric
stretch vibration of CO2 is particularly effective in the specific case of IL-enabled carbon capture
since we observe the dynamics of the CO2 directly. Molecular dynamics (MD) simulations can
provide molecular insight on observed spectral dynamics. However, running MD simulations to
compute vibrational frequencies at each time step is computationally demanding. Spectroscopic
mapping reduces this computational expense. In the past, a spectroscopic map has been
developed for the asymmetric stretch of CO2 solvated in [BMIM][PF6]. However, it is unclear
whether this map would be effective at determining CO2 solvation in other ILs or ILs modeled
with more accurate and transferrable polarizable force fields. To develop a maximally
transferrable spectroscopic map, snapshots have been collected from a wide range of ILs with
CO2 as a solute: [BMIM][FSI], [BMIM][Triflate], [EMIM][BF4], [EMIM][TF2N], [TMA][PC],
[TMEA][NO3], and [TMPA][PF6]. In the future, vibrational frequency data needed to create an
accurate map, will be determined using discrete variable representation (DVR) calculations,
assisting in optimizing carbon capture.
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Characterizing Properties of Biomolecules Found in Sea Spray Aerosols
Muna Onuoha, Michelle Bechtel, and Lindsey R. Madison*
Department of Chemistry, Colby College, Waterville, ME 04901
Sea spray aerosols (SSA) are natural aerosols typically produced by breaking waves along the surface of
oceans ( Figure 1 A). They primarily act as ice and condensation nuclei, promoting cloud formation in
the atmosphere and are thought to be significant in climate change models1. Interestingly, SSAs exist as
complex chemical systems due to their diverse composition of organic and inorganic molecules, which
makes their classification difficult. Previous experimental studies employed the technique of
fluorescence spectroscopy to categorize these particles, using the spectral signatures of some
biomolecules found in SSAs such as chlorophyll, tryptophan, and quinones2. Here, we show how two
computational tools, molecular dynamics and time dependent density functional theory, can be used to
model the physical properties and characterize these fluorescent biomolecules of SSA particles. With
molecular dynamic simulations, using CGenFF and NAMD software, we represented SSA particles as
water-solvated systems of a few quinone or tryptophan molecules ( Figure 1 B), and observed phase
partitioning between the biomolecules and water solvent. To study the fluorescent signature of the
organic components of SSAs (Figure 1 C), Gaussian 16 (B3LYP/6-311+G(2d,p)) and the linear response
time dependent density functional theory (TD-DFT) were used to calculate the excitation and emission
wavelengths of two small quinone molecules– 1,4-benzoquinone and 2,6- dihydroxy-1,4-benzoquinone.
We found that their fluorescence properties varied with the implicit solvents that they were measured in
(as determined by a polarizable continuum model). By using these computational tools to analyze the
basic molecular components of aerosol, we can get closer to understanding the larger sea spray aerosols
that are constantly produced by the 75% of the Earth’s surface covered by oceans, and their ultimate
effect on global climate.

Figure 1: Analyzing organic molecules in sea-spray aerosols.
(1) Schiffer, J. M.; Mael, L. E.; Prather, K. A.; Amaro, R. E.; Grassian, V. H. Sea Spray Aerosol: Where Marine Biology
Meets Atmospheric Chemistry. ACS Cent. Sci. 2018, 4 (12), 1617–1623. https://doi.org/10.1021/acscentsci.8b00674.
(2) Santander, M. V.; Mitts, B. A.; Pendergraft, M. A.; Dinasquet, J.; Lee, C.; Moore, A. N.; Cancelada, L. B.; Kimble, K.
A.; Malfatti, F.; Prather, K. A. Tandem Fluorescence Measurements of Organic Matter and Bacteria Released in Sea
Spray Aerosols. Environ. Sci. Technol. 2021, 55 (8), 5171–5179. https://doi.org/10.1021/acs.est.0c05493.
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Effects of a key negative charged residue mutation on the binding pathway of
SH3 domain complex and ArkA peptide
Oluebube Onwuzulu, Elliot J Stollar, K. Aurelia Ball*
Department of Chemistry, Computational Biophysics Lab, Skidmore College, Saratoga Springs,
NY.
SH3 domains are common protein interaction domains found across all forms of life and serve
important functions in cell signaling and cytoskeletal regulation. SH3 domains often bind to
intrinsically disordered peptides (IDPs) which are peptides that lack a well-defined secondary
structure. However, little is known about the binding mechanism in these complexes. Prior to
this experiment our lab has simulated the disordered ArkA peptide binding to the yeast SH3
domain AbpSH3, and it was observed that the binding proceeds through a flexible disordered
encounter complex before reaching a fully bound state. While the encounter complex forms
quickly, the slow step of binding is the transition from the disordered encounter ensemble to
fully engaged state. We mutated glutamic acid to glutamine due to its interaction with the ArkA
lysine (-3) in the bound state, a residue that is located at the center of 12-residue ArkA peptide
and is required for binding. In this experiment, we used molecular dynamics simulations to
simulate the binding between AbpSH3, which has a net negative charge and ArkA, which has a
net positive charge, while analyzing the effect a residue mutation has on the transitioning of the
ArkA peptide and AbpSH3 domain from the unbound stage to the disordered encounter complex
and finally to the fully bound complex. Using molecular dynamics simulations, we refuted our
hypothesis that by mutating the central peptide residue fewer contacts will be observed when
compared to the wild-type simulations. For future research, we will analyze the effects of
mutating the positively charged AbpSH3.
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Exploring proton pair motion in yttrium doped barium zirconate
April Pan, Minh Tam Hoang, Sanaa Mansoor, and Maria A. Gomez
Department of Chemistry, Mount Holyoke College, South Hadley, MA 01075

Abstract
Proton conductivity is essential to hydrogen fuel cells. Yttrium doped barium zirconate is one of
the fastest solid-state proton conductors. While previous studies[1, 2] suggest that proton tuples
move as pairs in yttrium doped barium zirconate, a systematic catalog of all possible close protontuples moves is missing. Such a catalog is essential to simulating dual proton conduction e↵ects.
Density functional theory and PBE functional are utilized to obtain the total electronic energy
for each proton tuple. Conjugate gradient and Nudged Elastic Band (NEB) methods are used to
find the minima and transition states for proton tuple motion. In the lowest-energy configuration,
protons are in close proximity to each other and the dopant significantly a↵ecting the backbone
structure. The image below shows the lowest energy proton tuple as well as the pathways to move
away from this lowest energy structure with energy barriers in eV for each type of move. Protons
need less energy to overcome forward barrier in intra octahedral transition than rotation in most
of the cases. We also found weaker barrier when proton moves to sites on the same plane with
dopant.

FIG. 1. The lowest energy proton tuple in the Y-doped BaZrO3 system. The arrow indicates all
the possible single-step motion to escape the lowest energy structure.
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RNA Folding Using Amber Molecular Dynamics and Analysis of Folded Structures
Joseph Park, Ethan Aminov, and Maria C. Nagan*
Department of Chemistry, Stony Brook University, Stony Brook, NY, 11794

Ribonucleic acid (RNA) is a biomolecule that plays a critical role in the lifecycle of the
cell, allowing genetic material in the form of DNA to be utilized for the production of proteins.
Single-stranded RNA molecules often base pair with themselves to create a stem and loop
region. The loop regions of folded RNA molecules can adopt a wide range of conformations and
have proven to be particularly difficult to simulate. Accurate simulation and prediction of RNA
structure have the potential to lead to advancements in medicine, as stem-loop structures play a
critical role in translation, protein synthesis, enzymatic activity in many physiological systems.
Molecular dynamics (MD) simulations of various RNA molecules were acquired with the
program Amber in an implicit solvent environment. Results were then clustered through the
k-means algorithm to provide the most populated structures to be analyzed. Structural parameters
such as base stacking, hydrogen bonding, and sugar puckering were performed to determine the
success of the simulations and compare to experimentally determined NMR structures.
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Structural and Energetic Properties of Fluoropyridine–HF Complexes
Elliot Past, James A. Phillips (Mentor)
Department of Chemistry and Biochemistry University of Wisconsin-Eau Claire
This project is concerned with hydrogen bond strength and the extent of proton transfer in
pyridine–HF and nine of its fluoropyridine analogues. Using wB97X-D/aug-cc-pVTZ
computations, we obtained equilibrium structures, binding energies, H–F vibrational
frequencies, partial atomic charges, and AIM parameters. In general, these complexes exhibit
fairly strong hydrogen bonds (7.0 to 13.2 kcal/mol), but none show a significant degree of
proton transfer in the gas phase. As for bonding analyses, the extent of the negative charge on
the fluorine as well as the value of the electron density at the hydrogen-bond critical point
parallels complex strength. At present, we are exploring the effects of dielectric media on these
complexes via PCM calculations.
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Exploring the Role of Hydrogen Bonding in γ-Fibrinogen Peptide-Silica Nanoparticle
Surface Binding
Lisette Pham, Ahlam Houssein, and Clyde A. Daly Jr.
Haverford College, Department of Chemistry
Silica nanoparticles (NPs) are a subject of emerging therapeutic research with recent work
focusing on their ability to act as efficient drug delivery vehicles. Here, we investigate the effects
of NaCl concentration and post-translational modifications (glycosylation, phosphorylation) on a
gamma (γ)-fibrinogen peptide common in human blood serum and its interactions with a silica
NP surface. As a foundation to our current work, silica NP-γ-fibrinogen peptide binding free
energies were previously observed computationally and experimentally through molecular
dynamics (MD) simulations and fluorescence anisotropy, respectively. The results showed
conflicting binding trends, in which NaCl concentration and glycosylation affected the peptide’s
binding affinity in opposing directions between experiment and theory. In an attempt to
understand these discrepancies between the computational and experimental results, we explore
the role of hydrogen bonding on γ-fibrinogen peptide binding affinity by using computational
techniques to identify and assess amino acid residues hydrogen bonded to the silica nanoparticle
surface under the various conditions. The frequency of hydrogen bonding was examined for each
amino acid to compare the effect of each condition on the hydrogen bonding interactions within
the peptide. Our results show that hydrogen bonding as well as amino acid residue makeup differ
across all peptide systems, suggesting that salt concentration and post-translational modifications
alter the peptide’s structure in a way that potentially facilitates or impedes binding affinity.
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Quantifying electronic effects through Halogen bonding:
A Computational assessment
Nam H. Pham, Kelling Donald*
Abstract: Hammett’s substituent constants are commonly used in organic chemistry to
describe the relationship between substituents on benzoic acid and the acidity of those
compounds. They are also used to predict the substituent’s electronic effects on the aromatic
ring. These electronic effects, mainly inductive and resonance, can also influence sigma
holes and consequently halogen bonding to centers on the ring, eg. RPhX (where X = F, Cl,
Br, I and R is the substituent) systems. The study attempts to show whether Halogen
bonding can be used as an alternative to Hammett’s constant for describing the electronic
effects of benzene substituents.

Poster 52

Deep Reinforcement Learning for Specific Drug
Qunzhe Lin1, Kelly M. Thayer1,2
1Department

of Mathematics and Computer Science, 2Deparment of Chemistry, Wesleyan university

p53 is an important protein in human’s body which has the function of suppressing tumors.
Cancer is actually caused by the dying of the p53 protein since tumors emerge without the
suppression from p53. In the past research, PK11000 is found to have positive effect on
reactivating the p53 protein so that it can help suppress tumors to cure cancer. However, in
the research, the observation of formation of covalent bond implies that the use of PK11000
also comes with many unknown and potentially harmful side effects. Now with the help of
Molecular Dynamics and Machine Learning, we are able to look for substitutions of
PK11000, which are molecules that ideally have same positive effects but less harmful side
effects comparing to PK11000. The project will look into the machine learning model for
searching alternatives of PK11000, which includes how specific Deep Machine Learning
model with graph generation works, how the model is fine-tuned for this project, as well as
how potentially we can refining the existing model in the future.
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Propensities for Halogen Bonding for Halides Bonded Below Period 2
Noah Robinson, William Rice, Kelling J. Donald
University of Richmond
A comprehensive analysis of the propensity for halogen bonding by halogen atoms bonded to
polarized main group atomic centers is accomplished. We are interested in the propensities for
halogen bonding for halides bonded to central atoms below period 2. Using iodine as our halogen
atom of choice, we assess the sigma holes induced on (and other properties of) halogen atoms
bonded to a range of heavy atom centers. An analysis of geometrical and energetic properties of
simple complexes between the halogen-substituted compounds and a strongly sigma donating
base, such as trimethylamine, is performed to probe the viability of halogen bonding by
halogenated heavy main group atoms. We show that propensities for halogen bonding is not
monotonous going down most main group columns. This anomaly is accounted for completely
using a dipole model outlined in presentation. Moreover, we show that in many cases the
strengths of halogen bonding is outstripped by the competing “sigma holes” interactions to the
central atom.
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Hydrogen Bonding and Proton Transfer in Fluoro-Pyridine–HBr Complexes
Tate Sayre and James A. Phillips (mentor)
Department of Chemistry and Biochemistry, University of Wisconsin-Eau Claire
Hydrogen bonding is a ubiquitous phenomenon in nature, it is the intermolecular interaction which
governs many things such as the unique properties of water and the structure of biological
macromolecules. This project involves a computational and spectroscopic investigation of how the
extent of fluorination and interactions with matrix environments affect hydrogen-bonding and proton
transfer in complexes of fluoropyridines and hydrogen bromide (e.g., pentafluoropyridine-HBr). So far,
methods employed for this project include DFT quantum chemical calculations of structure, binding
energy, bond vibrational frequency, and charge density (AIM and NPA) using ωB97XD method and augcc-pVTZ basis set (method validation done with M06 and MP2). Theoretically we explore condensed
phase effects using an implicit solvation model (PCM) at a range of dielectric constants from 1.2-20.
Experimentally, the complexes are examined via low temperature infrared spectroscopy in various inert
gas matrices (solid Ne, Ar, N2). Shifts of the HBr stretching band offer insight into hydrogen-bond
strength and extent of proton transfer across the series of complexes. The trend thus far appears to be
that extent of proton transfer increases as dielectric constant increases and base strength increases
(extent of fluorination near the basic nitrogen decreases). Binding energies range from –11.6 to –3.8
kcal/mol for pyridine-HBr and pentafluoropyridine-HBr respectively. In the gas phase, predicted H-bond
frequency shifts range from 146 to 1166 cm-1 for PFP-HBr and 4FPyridine-HBr respectively.
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Coarse Grained Modeling of Dynamin Proteins in Solution
Tazein Shah
St.John’s University
In the final stages of endocytosis, the protein dynamin forms an oligomeric coat around
the neck of the vesicle formed from the cell membrane. Then, dynamin catalyzes the hydrolysis
of GTP into GDP. This leads to a large-scale conformational change in the protein that causes
membrane fission. There are two proposed models for how dynamin causes membrane fission of
the vesicle: the disassembly model and the constrictase model. In this study, dynamin will be
studied using the well-established MARTINI coarse-grained model and molecular dynamics
(MD) simulations to help determine the mechanism of membrane scission. The results from the
MD analysis will help determine how the protein changes conformations and which collective
variables give the best descriptions of those motions. Additionally, they will be used to bias
enhanced sampling simulations that will find structures that are not sampled by standard
unbiased MD. Once the enhanced sampling simulations are complete, it will allow us to
determine the free energy landscape associated with any important dynamin conformational
changes associated with membrane fission. This will allow us to use a thermodynamic argument
to help determine whether the constrictase or the disassembly model best describes the
mechanism of dynamin induced membrane fission.
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Computational Investigation of Triglycine Peptide Formation: A Study of Prebiotic Earth
Elsa Shaikh, Skyler Warf, Shannon Harold, George Shields*
*Department of Chemistry, Furman University, Greenville, South Carolina 29613, United States
How prebiotic life emerged has been a topic that scientists have struggled to
understand for many decades. Beginning with the central process of DNA being transcribed
into RNA and then translated into proteins, many theories have been proposed to explain the
formation of prebiotic molecules but have proven to be lacking in crucial information. A new
investigation arose when amino acids were discovered in comets and meteorites which proved
that they existed in prebiotic times; therefore, examining how peptide bonds originally formed
is crucial to understanding how prebiotic life emerged. In water, the formation of peptide
bonds is a thermodynamically unfavorable reaction because it releases a water molecule
through its condensation reaction. Additionally, in an aqueous environment, free amino acids
exist in a zwitterionic form which essentially prevents the formation of peptide bonds by
preventing the linkage in an amide bond. A potential solution to overcome the thermodynamic
barriers is the addition of water molecules to reactant clusters, product clusters, and transition
states of amino acids. Our study specifically examines the emergence of prebiotic life through
investigating the formation of peptide bonds in multiple triglycine transition state molecules.
We build these molecules in a series of 4 different conformations with the N-terminus, Cterminus, cis-, and trans- configurations. We then continue to hydrate each of these transition
states with 0-5 waters in a nanodroplet atmosphere. This process followed by a computational
method allows us to extract frequencies and Gibbs free energy values to determine the ΔG‡
values at a range of temperatures and to see the effect of hydrating transition states.
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Molecular Dynamics Simulation of Poloxamer 188 and POPC Membranes
Dylan Singhi1, Sarah Grace Dennis-Little2, Michael Yost2 and Timothy Hanks1
1) Department of Chemistry, Furman University; 2) Department of Surgery
Division of General Surgery, Trauma and Acute Care, Medical University of South Carolina
Two Poloxamers, P188 and L121 are triblock polymer consisting of a hydrophobic core
flanked by two hydrophilic side chains as shown in figures 1 and 2. Poloxamers have unique
properties due to their amphiphilic structure, which are dependent on the hydrophobichydrophilic balance of the molecule. P188 and L121 are the two poloxamers of interest
because they both have different hydrophilicities that interact differently with a cell
membrane. Here, we aim to use molecular dynamics modeling to compare two existing and
novel biopolymers with different hydrophobic interactions with the lipid bilayers of cell
membranes. Poloxamers, specifically Poloxamer 188 (P188), have been researched for
decades and are found in numerous over-the-counter products. P188 is a triblock polymer
consisting of a hydrophobic core flanked by two hydrophilic side chains (PEO 80-PPO 27PEO 80). Poloxamers have unique properties due to their amphiphilic structure, which are
dependent on the hydrophobic-hydrophilic balance of the molecule. P188, a hydrophilic
poloxamer, weakly associates with the lipid bilayer of cell membranes via the hydrophobic
core and stabilizes them, attenuating cell injuries. More hydrophobic poloxamers, ie P181,
penetrate and destabilize membranes, causing cell injury. Here, we aim to use molecular
dynamics modeling to compare existing and novel biopolymers interactions with lipid
bilayers of cell membranes. Molecular mechanics minimization of P188 using the OPLS 2005
forcefield was used to establish initial structures. A POPC membrane was constructed using
the Desmond system builder. Dynamic simulations were conducted using the Desmond
molecular dynamics engine in the water box model TIP3P. The box was orthorhombic, with
the dimensions of 10 x 10 x 30 angstroms. Concentration, pressure, temperature and the
lateral surface tension of the membrane were held constant using the molecular dynamics
ensemble NPγT. The hydrophobic center block was found to associate with the membrane,
but the side chains prevent the deep anchoring that might destabilize the membrane.
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Monte Carlo simulations of surface distribution in PtAu nanostructures as a
function of composition
Nicole Smina, Christopher Koenigsmann, Joshua Schrier
Fordham University
Nanomaterials of platinum (Pt) alloyed with other transition metals such as gold (Au) are
effective catalysts for a wide range of chemical reactions. In particular, platinum-based alloys
can catalyze the oxidation of small organic molecules (SOMs) such as methanol and glucose,
which are important reactions for fuel cells and sensors. However, the oxidation of SOMs on Ptbased catalysts results in the formation of carbon monoxide (CO) and other partially oxidized
intermediates, which poison the catalyst. Previous findings have shown that alloying Pt with
other transition metals may facilitate SOM oxidation via a CO-free pathway. This project
employs computational methods to study the surface distribution and properties of PtAu
nanomaterials. These findings can then be used to inform our understanding of the different
possible mechanisms of SOM oxidation. A random PtAu nanoslab containing 900-2016 total
atoms, of varying atomic ratios, is generated, and parallel-tempering Metropolis Monte Carlo
simulations are performed to determine equilibrium configurations, using a cohesive energy
model for metal alloys. Slabs are studied in vacuum and with oxygen adsorbates to simulate the
oxidizing conditions of an electrochemical experiment. Results suggest that at levels of adsorbate
coverage that mirror experimental conditions, a significant fraction of surface Pt atoms are paired
to other Pt atoms regardless of the amount of Au present. Increasing the Au content promotes the
formation of Au-Pt pair sites up to 50% added Au, after which the Au atoms begin to pool and
the percentage of Pt-Au sites decreases. The correlation between the AuPt pair sites in our
calculations and related experimental measurements suggests that the AuPt pair sites determine
the mechanistic pathway for SOM oxidation, and tuning the amount of Au added can therefore
regulate the tendency for catalytic poisoning.
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Effect of Explicit Polarization on CO2 Solvation Structure in
[BMIM][PF6]
Logan E. Smith1, Scott I. Kaiser1, Rowan J. Goudy1, Ethan L. Silva1, Marie E. Nikolov2, and
Clyde A. Daly Jr. 1
1. Haverford College, Department of Chemistry
2. Bryn Mawr College, Department of Chemistry
Ionic liquids are promising next-generation solvents for carbon capture and sequestration.
This potential is enhanced by their extensive range of utile physicochemical properties, such as
low volatility, high viscosity, and high conductivity, which can be tuned by altering the
functional groups of the constituent cations and anions. Such tunability can allow one to design
ionic liquids suited to carbon capture applications. Molecular dynamics simulations have been
employed in the past to understand the solvation structures of CO2 in ionic liquids, and have
demonstrated that ion caging dynamics around the CO2 are an important solvation mechanism.
The solvation structure can be determined by calculating the charge density surrounding CO2 in
an ionic liquid system using cylindrical distribution functions (CDFs). Caging structure
dynamics can be quantified by adding a time dependent component to the CDF. Previous studies
used computationally inexpensive charge scaled ionic liquid force fields which are expected to
be non-transferrable and of limited accuracy. Ionic liquid polarization can be explicitly
incorporated into the force field by using methods such as the Drude oscillator model, allowing
for the greater transferability needed to model mixed ionic liquids and mixtures of ionic liquids
with conventional molecular liquids. Solvation structures and dynamics were calculated from
nonpolarizable and polarizable MD simulations of CO2 solvated in the ionic liquid
[BMIM][PF6]. The resulting caging structures and dynamics for nonpolarizable and polarizable
simulations were then compared to each other and connected to vibrational frequency
calculations of the asymmetric stretch of the CO2 from trajectory snapshots of the carbon dioxide
in [BMIM][PF6]. With CDFs in hand, we interpret the difference in vibrational frequency
distributions between the polarizable and nonpolarizable ionic liquid models as arising from the
different amounts of volume available for CO2 rattling in the ion cages and different variations in
ionic liquid cage structure.
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Allosteric Signaling in Full-Length p53WT and p53Y220C: Restorative
Capabilities of PK11000
Sean Stetson1 , In Sub Mark Han2 , Kelly M. Thayer1,2,3
1: Department of Computer Science
2: Chemistry Department
3: College of Integrative Sciences,
. Wesleyan University, Middletown, CT 06457

Figure 1: p53 protein including modeled N- and C- terminus regions (red and green, respectively). Phyre folded
structure was docked with native DNA, in brown. The chelated zinc (grey sphere) and 8 residues making contact
with the DNA from the 1TUP crystal structure are shown in licorice.
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Abstract

Allosteric regulation, a form of protein interaction in which a molecule bonded to a protein is able to control a
distant site, presents great promise in molecular medicine. However, the fine details of how allosteric signals are sent
through a protein remain a mystery. Our recent molecular dynamics studies considered the hotspot Y220C point
mutation as an allosteric perturbation to the p53 protein, which is in turn allosterically restored by the binding of
the PK11000 compound[1][2].
Long range electrostatic networks provided promising insight into the mechanism of transmission of allosteric
signaling within the globular DNA binding domain. These findings raise the question as to what further information
could be gained from inclusion of the disordered N- and C-terminal regions known to be involved in regulation of p53
activity through post translational modifications. This current work introduces constructs involving the full length
modelled protein, the Y220C mutant, and the PK11000 drug bound to p53Y220C. We report preliminary results
from all-atom AMBER molecular dynamics simulations on these constructs in light of allosteric action at a distance
and implications for de novo design of new restorative allosteric therapeutics.

References
[1] Matthias R. Bauer. 2-sulfonylpyrimidines: Mild alkylating agents with anticancer activity toward p53compromised cells. Proc Natl Acad Sci U S A.
[2] In Sub Mark Han. Insights into rational design of a new class of allosteric effectors with molecular dynamics
markov state models and network theory. ACS Omega, 7(3):2831–2841, Janurary 2022.
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The Effect of Lipid Membrane Composition on Prion Protein Behavior
Davis Thalhuber, Frank Luceri, Sukhman Virdi, Dr. Patricia Soto
Creighton University
The prion hypothesis states that the misfolding of the prion protein in its normal isoform – PrPC
to an infectious isoform PrPSc plays a critical role in transmissible spongiform encephalopathies
(TSE), including Creutzfeldt-Jakob disease and mad cow disease. The oligomerization of PrPSc
forms infectious amyloid fibers that prove to be neurotoxic, although the etiology of TSEs
remains unknown. Recent experiments have shown that the misfolding and aggregation of
infectious prions are associated with specific lipids. In this work, we aim to assess the behavior
of PrPC in varied lipid compositions, increasing the concentration of sphingomyelin and
phosphatidylglycerol lipids. In modeling the protein behavior via VMD, Visual Molecular
Dynamics, we hope to ascertain how the normal prion isoform reacts to phosphatidylcholine,
cholesterol, and either sphingomyelin or phosphatidylglycerol lipid patches by measuring the
angle of the α-helical secondary structures and traveling distances of residues in reference to the
lipid bilayer. We characterized the behavior of the PrPC bound to the lipid patches using
microsecond trajectory simulations. Our realistic membrane models and preliminary calculations
indicate that the electrostatics between the α-helical structures, specifically α-helix 1 and 3, and
the membrane modulate the relative orientation of the PrPC with respect to the membrane.
Extrapolating the different lipid compositions to PrPC behavior, we hope to address a critical gap
in understanding the mechanistic misfolding of PrPC.
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Abstract
G-protein coupled receptors (GPCRs) are integral membrane proteins only
found in eukaryotes that regulate cellular signal transduction pathways. When
bound to specific ligands, their conformations change to activate associated
G proteins, whose β and γ subunits dissociate to modulate effector functions.
Additionally, allosteric modulators may be required to propagate signals from
the orthosteric agonist binding sites to the G proteins and thus stabilize the
“active states” of GPCRs. Being one of the largest and most diverse group
of membrane receptors makes GPCRs common drug targets: they account
for approximately 35% of approved drugs by FDA or EMA. Involved in our
work are the four identified GPCRs - namely EP1, EP2, EP3, and EP4 interacting with prostaglandin E2. These receptors are all involved in various
physiological and pathological responses, thus our interest in investigating
activation mechanisms and ligand binding in these receptors. The crystal
structures are available for EP2 (Qu et al., 2021), EP3 (Morimoto et al.,
2019), and EP4 (Toyoda et al., 2019), and a homology model was constructed
for EP1. Molecular dynamics (MD) simulations were carried out for the apo
and holo forms of the EP receptors and structural differences upon activation
were compared across receptors. Protein-ligand docking calculations for a
set of antagonists with known binding affinities were then carried out using
protein conformations from the MD simulations. The results provide key
insights into understanding EP activation and inhibition pathways, which is
crucial for developing potential therapeutics in the future.
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This study aims to understand how scandium and yttrium dopants affect the ground state
wavefunction of the promising fuel cell barium zirconate, BaZrO3, and how the wavefunction
might affect the conductivity in the temperature range of 300-600 K. Diffusion Monte Carlo
(DMC) is used to find the ground state wave function in the two doped BaZrO3 systems. The
Vienna Ab initio Simulation Package (VASP) is used to find Born-Oppenheimer potential energy
surface on which the nuclei move. At the start of the DMC simulation, walkers are placed at
every minimum in the potential energy surface and the trial energy is set to the average potential
energy over all the walkers. The wavefunction or distribution of walker configurations as the
simulation proceeds for each doped system is visualized. The weight of a walker is used to
change the proton gray scale value. In the scandium doped system, our results show that the
wavefunction or walker distribution is localized on both HIFar and HIClose locations after many
time steps. In the yttrium system, the wavefunction of protons is localized on HIFar and HIIFar sites.
These are the lowest two energy sites for each system and the sites favored by the electron
density.

Proton Density in Scandium System

Proton Density in Yttrium System
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Examining the emergence of life on earth most simply begins with the formation of amino acids
and their linkage to create peptide bonds. However, the dehydration synthesis by which these
peptide linkages proceed through are thermodynamically and kinetically unfavored in bulk water.
To forgo this obstacle, we study numerous conformations of triglycine transition states in gaseous
phase water clusters where cis and trans conformations are studied either forming from N-to-C
terminus or C-to-N terminus. These transition state conformations have a range of ΔG‡ values that
provide insights on the most kinetically and thermodynamically favored reaction pathway. These
values are calculated with the ωB97X-D/6-31++G** level of theory along with the domain-based
local pair natural orbital coupled-cluster with single, double, and perturbative triple with a
complete basis set extrapolation (DLPNO-CCSD(T)/CBS). Together, the extrapolated energies
and optimized structures have shown that the effect of N-to-C terminus peptide chain growth is
the most thermodynamically favored in the trans conformation because of the decreased steric
hindrance and increased intramolecular hydrogen bonding networks. These high-level energy
calculations on conformationally diverse peptide chain transition states may also shed light on why
enzymes have evolved to build proteins in this fashion.

Trans-Triglycine N-to-C 7W

Trans-Triglycine C-to-N 7W
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Background
Human Immunodeficiency Virus (HIV) affects 38 million individuals worldwide. Acute infection
appears flu-like, consisting of fever, chills, muscle aches, sore throat, and swollen lymph nodes,
although infection can be latent. Viral Infectivity Factor (Vif), an HIV protein, complexes with
Cullin-5 and Elongin C & B to signal for the degradation of APOBEC3G, a cytidine deaminase that
defends host cells against retroviral infections. Vif inhibitors fall outside of the six categories of
antiretroviral drugs currently used to treat HIV. Thus, including a Vif inhibitor in a drug cocktail
would give rise to more potent treatments. Exploration of small molecule inhibitors in silico provides
a “square one” for drug design.
Methods
The use of DOCK6 de novo design allows molecules to be generated from scratch using the target
protein’s binding pocket rather than docking molecules from a database. The resulting molecules are
simulated for 100 nanoseconds using AMBER16 Molecular Dynamics and analyzed using
MM-GBSA binding free energy calculations.

Figure 1. Vif protein with the target binding pocket represented by spheres and constrained by an energy grid.

Results
Potent inhibitors from DOCK6 de novo design remained in the binding pocket for the entire 100
nanosecond simulation, while the less successful inhibitors displayed unfavorable interactions and
dissociated from the binding pocket. Structural analysis and energy calculations were performed to
rank the drug molecules based on their potential to inhibit Vif.
Conclusion and Future Work
Ligands generated using DOCK6 de novo design display trends in decreasing binding free energy.
Thus, extending simulations to 500 nanoseconds is appropriate and may yield favorable results in
inhibiting Vif. Recovering the immune defense against HIV and other retroviruses is a step closer to
eradicating the disease.
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Calcium salts bound to weakly coordinating counterions, such as bistriflimide, triflate,
and fluorides, have recently gained attention as Lewis acid catalysts in chemical
reactions. These salts are particularly attractive because they are cheap, abundant, and
non-toxic alternatives to transition metal catalysts typically used in modern organic
synthesis. Catalyst scope data across several reports using these calcium salts reveal
reactivity differences when calcium is paired with bistriflimide, triflate, and fluorides,
suggesting that the weakly coordinating counterions are non-innocent and not
interchangeable. To date, very little is known about how counterions affect the
reactivity of calcium salts; a deep understanding of counterion effects on calcium
catalysis would foster efficient reaction design. To that end, we use a case study from
recent experiments showing that calcium bistriflimide was effective in activating
sulfur(VI) fluorides toward nitrogen-containing sulfur(VI) compounds via sulfur(VI)fluoride exchange (SuFEx). In this work, significantly reduced yields were observed when
calcium triflate and fluorides were employed. Density functional theory methods were
used to compute and compare the SuFEx mechanism mediated by calcium fluoride to
that of calcium bistriflimide. Structural, energetic, and electronic properties of the
activated species were analyzed to reveal the origins of the counterion-induced
differences in SuFEx reactivity mediated by calcium Lewis acidic salts.

