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Hydroxychalcones as inhibitors of Streptococcus mutans biofilms

Bhavitavya Nijampatnam?, snij@uab.edu, Hui Wu®, Sadanandan E. Velu'. (1)
Chemistry, Univ of Alabama at Birm, Birmingham, Alabama, United States (2)
Chemistry, University of Alabama at Birmingham, Birmingham, Alabama, United States
(3) Department of Pediatric Dentistry, University of Alabama at Birmingham,
Birmingham, Alabama, United States

Streptococcus mutans has been implicated as the major etiological agent in the
initiation and the development of dental caries due to its robust capacity to form
tenacious biofilms. Ideal therapeutics for this disease will aim to selectively inhibit the
biofilm process while preserving the natural flora of the mouth. Several studies have
demonstrated the efficacies of flavones on S. mutans biofilms and have reasonably
established the mechanism of action through their effect on S. mutans
glucosyltransferases (GTFs). These enzymes metabolizes sucrose into water insoluble
and soluble glucans, which are an integral measure of the dental caries pathogenesis
because they play a role in mediating irreversible attachment of S. mutans to the tooth
and also provide an extracellular matrix, shielding the bacteria from the host immune
response, mechanical stresses, and antimicrobial agents. Encouraged by the reported
findings on flavanols, we have utilized the crystal structure of GTF-SI, one of the major
contributors of glucan synthesis to screen hydroxychalcones, precursors of flavonoids
and isoflavonoids. We have identified low micromolar inhibitors of S.  mu bi@ilms 6
and GTFs. Subsequently, we have synthesized a library of compounds to optimize the
activity of the lead scaffold.
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F420 cofactor dependent glucose-6-phosphate dehydrogenase from
Mycobacterium tuberculosis: Kinetic and biophysical characterization of wild-
type enzyme and a His40 mutant

Mercy Oyugi', amondi.mercy@gmail.com, Ghader Bashiri?, Edward Baker?, Kayunta L.
Johnson-Winters*. (1) Chemistry & Biochemistry, University of Texas at Arlington,
Arlington, Texas, United States (2) Maurice Wilkins Center for Molecular Bio-discovery
and Laboratory of Structural Biology, School of Biological Sciences, University of
Auckland, Auckland, New Zealand

Tuberculosis (TB) is a deadly infectious disease that currently affects about one third of
the worl dbés popul at i o4 cofacar depesdent glugosd-66 cuses on
phosphate dehydrogenase (FGD), an enzyme found within Mycobacterium tuberculosis
(Mtb), the causative agent of TB. FGD catalyzes the first step of the pentose phosphate
pathway, where it uses the oxidized F4,o cofactor to convert glucose-6-phosphate (G6P)
to 6-phosphogluconolactone, yielding the reduced cofactor F40H2. The Baker group has
proposed a mechanism for the FGD reaction, suggesting that Histidine 40 (H40) acts as
the active site base which initiates the FGD reaction (Figure 1). We aim to investigate
this proposed mechanism, using site-directed mutagenesis, circular dichroism
spectroscopy, binding assays, steady state and pre-steady state kinetic methods. Here,
we will discuss the results of the characterization of wild-type FGD (wtFGD) and an
FGD H40A mutant. The dissociation constant (Ky) for the F420 cofactor was found to be
8.7 £ 0.7 nM for wtFGD and 119 + 26 nM for FGD H40A, therefore suggesting that the



H40 residue plays a role in anchoring the cofactor into the active site. The wtFGD
steady state kinetics yielded a ke 0f 1.40 + 0.03 s while the pre-steady state kinetics
revealed only a fast phase with keps 0f 4.20 + 0.03 s, thus implying that the hydride
transfer step is not rate-limiting. FGD H40A was found to be catalytically inactive, even
though it could bind both F40 and G6P. Based upon this data, we conducted
crystallography screens with the inactive H40A mutant, in an effort to yield an FGD
crystal structure with both the cofactor and the native substrate, G6P bound within the
active site of the enzyme.

Reference
1. Bashiri, G., Squire, C. J., Moreland, N. J., Baker, E. N. J. Biol. Chem. 2008, 283,
17531-17541.
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Figure 1. Proposed mechanism for FGD reaction
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A small molecule screen identifies a natural product that disrupts the fungal cell
wall integrity pathway by targeting Hsp90

Siddharth Tripathi?, sktripat@olemiss.edu, Qin Feng?, Melissa Jacob?, Xing-Cong Li*,
Alice Clark?, Ameeta Agarwal®. (1) 3021 Thad Cochran Research Ctr, Univ of
Mississippi, University, Mississippi, United States (2) National Center for Natural
Products Research, University of Mississippi, University, Mississippi, United States

Echinocandin antifungal drugs such as caspofungin (CAS), although potent and well-
tolerated, have a narrow spectrum of activity and drug resistance is a serious problem.
New therapies are needed to overcome these limitations. In this project, our goal is to
discover natural products that improve CAS activity by disrupting the fungal cell wall
integrity pathway (CWIP), which is involved in the adaptation to cell wall stress exerted
by this drug. Because the CWIP is regulated by the transcription factor RIm1 in the
model yeast Saccharomyces cerevisiae, signaling through this pathway can be
monitored with a lacZ reporter driven by RIm1-responsive promoter elements. Using this
promoter-reporter system in a new high-throughput assay, we have screened 4,576
natural products from our in-house collection and identified compounds that improve
CAS potency in fungal pathogens. A sesquiterpene quinone compound named
puupehenone (PUUP) was identified that enhanced CAS activity in CAS-resistant
clinical isolates of Candida albicans and also in the inherently CAS-insensitive pathogen
Cryptococcus neoformans. To investigate its CAS-potentiating mechanism, we



conducted transcript profiling in S. cerevisiae. Our studies revealed that CWIP-related
genes that were strongly induced by CAS alone were not induced by CAS + PUUP;
thus, PUUP synergizes with CAS by preventing cell wall repair through the CWIP.
Further studies revealed that PUUP targets Hsp90. The transcript profile of PUUP was
similar to that of the Hsp90 inhibitor celastrol. Genes encoding chaperones and co-
chaperones involved in heat shock response were strongly induced by PUUP. To
confirm PUUPOGOs ef f-establishedprontbtepréOrter assay wystén
was used that monitors the rat glucocorticoid receptor (GR), an Hsp90 client protein.
We observed that PUUP inhibited GR induction in a concentration-dependent manner.
We also showed that PUUP inhibits the activation of the yeast protein Mpk1, another
Hsp90 client protein. Because Mpk1 is a critical kinase in the CWIP pathway, this result
demonstrates that PUUP inhibits the CWIP by disrupting Mpk1 activity. In summary,
using a new high-throughput assay, we have identified a mechanistically validated
compound that improves CAS potency in fungal pathogens. Further evaluation in
mammalian models of fungal infection will be required for its development into an
effective therapy in combination with echinocandins.
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Development of high-throughput screening of WecA for identification of novel
antibacterial agents

Shajila Siricilla, ssiricil@uthsc.edu, Katsuhiko Mitachi, Michio Kurosu. Department of
Pharmaceutical Sciences, University of Tennessee Health Science Center, Memphis,
Tennessee, United States

WecA is an essential enzyme in growth of Mycobacterium tuberculosis (Mtb) and some
other bacteria. It catalyzes the transfer of GICNAc-1-phosphate moiety of UDP-GICNAc
to polyprenyl phosphate, yielding polyprenyl-GIcNAc-pyrophosphate (prenyl-GIcNAc-
PP). Prenyl-GIcNAc-PP is the first lipid-linked intermediate involved in the synthesis of
the bacterial cell wall core structure. In order to perform high-throughput screening
(HTS) against WecA, we have developed a convenient assay using a UDP-GICNAc
fluorescent conjugate and cis-phytyl phosphate as WecA substrate mimics that can be
converted to the corresponding prenyl-GIcNAc-PP analog in high yield. By using the
new assay method, a library of compounds has been screened, and a few compounds
were identified as strong WecA inhibitors. We present the minimum structure
requirement of the prenyl-P in WecA assays, and new WecA inhibitors identified in this
program.
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Investigating enzymatic resistance to fosfomycin by FosB in Gram-positive
bacteria

Mary E. Keithly?, MrsK1016@gmail.com, Matthew K. Thompson®*, Donald F. Stec?,
Joel Harp?, Markus V. Voehler®, Walter J. Chazin®*, Richard N. Armstrong®3. (1)
Vanderbilt University, Nashville, Tennessee, United States (2) Chemistry, Vanderbilt
University, La Vergne, Tennessee, United States (3) Biochemistry, Vanderbilt
University, Nashville, Tennessee, United States (4) Center for Structural Biology,
Vanderbilt University, Nashville, Tennessee, United States

Fosfomycin, a broad spectrum antibiotic, is used clinically to treat lower urinary tract
infections and gastrointestinal infections and has been suggested for treatment of multi-
drug resistant bacterial infections. However, fosfomycin resistance enzymes limit the
efficacy of the antibiotic in the clinical setting. A better understanding of the enzymatic
mechanism of fosfomycin resistance could be used to increase the efficacy and use of
fosfomycin.

One resistance enzyme, FosB, is a M?*-dependent thiol-transferase found in Gram-
positive bacteria and modifies fosfomycin by catalyzing nucleophilic addition of a thiol to
fosfomycin resulting in an inactive compound. In vitro time course kinetic analyses for
FosB from four different bacterial strains using L-cysteine and bacillithiol (BSH) reveal a
preference for BSH over L-cysteine. A probe of the metal dependent activation of FosB
by Ni?*, Mg?*, Zn**, and Mn?" indicates the highest activation of FosB is observed with
Mn?* as the metal cofactor, whereas Zn*" inhibits the FosB enzymes. Thus, FosB is a
Mn?*-dependent BSH transferase.

Several high-resolution crystal structures of FosB have been determined. They reveal a
BSH binding pocket and suggest a highly conserved loop region must change
conformation to bind fosfomycin. Hydrogen-Deuterium Exchange Mass Spectrometry
(HDX-MS) experiments were utilized to investigate the structural dynamics of FosB.
HDX-MS data analysis for this enzyme incubated with various substrates and cofactors
has yet to provide evidence of BSH binding or loop movement. To further probe the
dynamics, NMR analysis is currently underway. Comparison of preliminary >N HSQC
spectra with and without fosfomycin indicates some peaks shift, but assignment of the
backbone has not yet been completed.
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Metabolomic analysis of volatile organic compounds emitted from decomposing
human cadavers

Donovan C. Haines?', haines@shsu.edu, Todd Deyne®. (1) Dept. of Chemistry and
Texas Research Institute for Environmental Studies, Sam Houston State University,
Huntsville, Texas, United States (2) Chemistry, Sam Houston State University,
Huntsville, Texas, United States



Estimation of time-of-death using parameters that can be measured when a body has
been located is an important and active area of research in forensics. One type of
measurement that has been a major component of models of time-of-death is the set of
volatile organic compounds (VOCSs) emitted from the body during the decomposition
process. Numerous studies have reported the identification of time-dependent VOCs
from both human cadavers and animal models, but data from human cadavers comes
from a very limited set of environments. We have sampled VOCs from human cadavers
as they decompose in southeast Texas at the Southeast Texas Applied Forensic
Science (STAFS) facility at Sam Houston State University (SHSU). Cadavers were
placed in pairs four different times of year for over two years, and VOCs emitted from
their oral cavity and belly region were sampled daily using polydimethylsiloxane-
divinylbenzene solid-phase microextraction fibers. The fibers were then analyzed by gas
chromatography-mass spectrometry (GC-MS) at the Texas Research Institute of
Environmental Studies (TRIES) at SHSU. The large amount of resulting data was then
analyzed first by hand using ChemStation and the NIST-08 database, then using
various metabolomics analysis tools including XMCS with R, XCMS Online, and AMDIS
with MET-IDEA. Some metabolites were tracked as unknowns and have not yet been
unambiguously identified. Others were identified with the help of the NIST-08 database
and select standards. Identified compounds include some VOCs that originate with
insects that take up residence in the cadavers (long-chain alkanes from maggots, for
example). Observed variation between cadavers and between seasons will be
discussed.
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Analysis of site directed mutants of diacylglycerol kinase-b b y-M&/@S and bi-
substrate kinetics

Truc Chi T. Pham?, tcpham@memphis.edu, Daniel L. Baker®. (1) Chemistry, Univ of
Memphis, Memphis, Tennessee, United States (2) Chemistry, University of Memphis,
Memphis, Tennessee, United States

Diacylglycerol kinase-b ( DGKB) medi ates the phosphoryl atic
form the bioactive lipid phosphatidic acid (PA). DGKB is critical to intracellular

phospholipid metabolism and signaling, and plays an essential role in membrane lipid

homeostasis in many Gram-positive pathogens including staphylococcus aureus. A

previous study suggested DGKB exists as a dimer with 8 salt-bridges at the amino-

terminal interface even though it crystallized as a monomer. The current work focuses

on characterizing the monomer/ dimer distribution of DGKB through analysis of specific

ionic residues in the putative dimer interface on dimerization and enzymatic activity. LC-

MS and LC-MS/MS methods were developed and applied to these goals.
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nNavl.5 blockers for breast cancer metastasis therapy

Shilpa Dutta!, shilpaduttal0@gmail.com, Sébastien Roger?, Katri Selander?,
Sadanandan E. Velu!, Wayne Brouillette’. (1) Chemistry, Univ of Alabama at Birm,

Birmingham, Alabama, United States (2) Nutrition, Croissance et Cancer, Université
Francois-Rabelais, Tours, France



In strongly metastatic breast cancer MDA-MB-231 cells, nNav1.5 is upregulated about
1,800-fold. By contrast, Nav currents are not recorded in weakly metastatic MCF-7 cells
or non-cancerous MCF-10A mammary epithelial cells. One of the factors contributing to
breast cancer metastasis is the ability of highly aggressive cancer cells to degrade
extracellular matrices (ECM) mediated by various extracellular proteases such as
cysteine cathepsins. nNavl.5 activity enhances ECM invasion by increasing the activity
of acidic cysteine cathepsins B and S through the acidification of the pericellular
microenvironment. The Na*/H" exchanger (NHE1) is over-activated in breast cancer
cells and is the central regulator of intracellular and perimembrane pH and that its
activity is enhanced by the function of nNav1.5 channels. In a recent study, it is found
that nNav1.5 activity in MDA-MB-231 cells increased the activity of the NHE1,
promoting acidification of the cancer cell microenvironment, and subsequent activation
of acidic cathepsins. Accordingly, nNav1.5 function is really important and any small
molecule blocker of this channel will reduce the breast cancer cell invasiveness. We
have developed a 3D-QSAR model and have used this model to design small
molecules with nNav1.5 blocking activities near 1mM (ICsp). We have shown that
nNavl.5 blockers inhibit the invasion of MDA-MB-231 cells at concentrations as low as
1mM. These compounds do not affect celll
demonstrating that the inhibition of Na+ currents and cell invasion do not result from
cytotoxicity. Structurally similar compounds that do not block the nNav1.5 currents had
no effect on invasion showing the direct relation between nNav1l.5 blockade and the cell
invasion inhibition. Results of design, synthesis and biological evaluation of such
nNav1.5 blockers will be presented.
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Analysis of the bi-substrate kinetics of sphingosine kinase-1 inhibitors

Truc Chi T. Pham, tcpham@memphis.edu, Samantha B. Gacasan, Daniel L. Baker.
Chemistry, University of Memphis, Memphis, Tennessee, United States

Sphingosine kinase 1 (SK1) mediates the phosphorylation of sphingosine (SPH) to form
sphingosine 1-phosphate (S1P). S1P is a bioactive phospholipid involved in cellular
apoptosis, proliferation and survival. The SK1/S1P system plays a role in several
human diseases, including cancer and cardiovascular diseases. SK1 inhibitors are
proposed to reduce metastasis, induce apoptosis and to sensitize tumor cells to
radiation and chemotherapeutics. Inhibitors of SK1 that are specific, potent and
efficacious will be useful tools to help clarify the enzymology, cell biology of SK1 in
human disease. This work presents a rational approach to the search for novel SK1
inhibitors using computational approaches and the characterization of newly discovered
inhibitors using bi-substrate kinetics using an in-housed developed LCMS/MS-based
activity assay.
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Kinetic studies of ni heterocyclic carbenei ruthenium complex in catalytic radical
reduction

Yamin Htet, yhtet@g.clemson.edu. Chemistry Department, Clemson University,
Clemson, South Carolina, United States
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The stoichiometric amount of classical antioxidants is required to degrade reactive
oxygen species (ROS), resulting in reduced antioxidant activity in vivo with time. This
has inspired the search for metal-based antioxidants that can degrade ROS
catalytically. We showed that the organometallic complex comprising a ruthenium
center (Rul) reduced radical monoanion ABTS® (2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonate)) catalytically in aqueous solution by a transfer hydrogenation-like
process. Generally, <span style="line-height:20.7999992370605px">in transfer
hydrogenation </span>an organometallic complex catalyzes the transfer of H, from
isopropyl alcohol to desired unsaturated substrates, thereby using alcohol as a source
of H,. Similarly, Rul reduced radicals catalytically using alcohols as the required H,
source. Thus, reaction rates were dependent upon the types of alcohols (tertiary vs.
non-tertiary). Furthermore, Rul catalytically slowed down the oxidative formation of
ABTS® radicals, depleted all the radicals formed and was still catalytically active after
multiple cycles. The aforementioned Rul is the first report of an organoruthenium
complex that can catalytically inhibit the oxidative formation of radicals as well as
catalyze the radical reduction in agueous solution by a transfer hydrogenation-like
process and thus, maybe useful for combating diseases associated with oxidative
stress.
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Expanded structure-activity relationship analysis of small molecule autotaxin
inhibitors

Lauren Ragle, Iragle@memphis.edu, Daniel L. Baker, Abby L. Parrill-Baker. Chemistry,
University of Memphis, Memphis, Tennessee, United States

Autotaxin (ATX) is a ubiquitous tumor-promoting ectoenzyme that hydrolyzes
lysophosphatidylcholine (LPC) to form the bioactive lipid mediator lysophosphatidic acid
(LPA). LPA activates specific G-protein coupled receptors to elicit downstream effects
leading to cellular motility, survival, and invasion. Through this pathway, upregulation of
ATX is linked to conditions such as cancer and cardiovascular disease. ATX crystal
structures indicate the catalytic domain contains multiple binding regions including a
polar active site, hydrophobic tunnel, and a hydrophobic pocket. This finding is
consistent with the promiscuous nature of ATX hydrolysis of multiple and diverse
substrates. We have previously identified activity gaps during synthetic optimization of a
lead identified initially using computational methods. This work describes synthesis of
analogs to address noted activity gaps to further understand ATX inhibition.
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Design and synthesis of platinum-containing quinazoline-based tyrosine kinase
inhibitors as anticancer treatments

Mu Yang?', yangm1l@wfu.edu, Tiffany K. West?, Gregory L. Kucera?, Ulrich Bierbach®.
(1) Department of Chemistry, Wake Forest University, Winston Salem, North Carolina,
United States (2) Department of Cancer Biology, Wake Forest University Health
Sciences, Winston-Salem, North Carolina, United States

ErbB family tyrosine kinases are highly pursued targets in cancer chemotherapy.
Mutationally activated or overexpressed ErbB kinases like EGFR and Her-2 often lead
to cancer cell survival and aggressive proliferation. Small-molecule inhibitors such as



Gefitinib and Lapatinib that target the

antiproliferative properties in cell lines bearing corresponding upregulated ErbB kinases.

In particular, irreversible inhibitors that alkylate solvent-exposed enzymatic cysteine
residues with arylamide electrophiles have been demonstrated to overcome drug
resistance caused by secondary mutations. Here, we introduce a series of novel kinase
inhibitors, which were generated by conjugating ATP-mimicking quinazoline scaffolds
with platinum-based electrophiles. The quinazoline scaffolds are designed to bind to the
target kinase active site with high affinity and selectivity while the platinum-containing
moieties form a coordinative bond with the cysteine residue to achieve irreversible
inhibition. Several of the target molecules showed promising binding properties in
competition binding assays and high selectivity for the targeted kinase domain in a
panel of 145 wild-type and clinically relevant kinases (KinomeScan, DiscoverX,
Fremont, CA). In order to find a potential hit, we assembled and screened a library of
such tyrosine kinase inhibitors by combining different metal containing moieties and
ATP analog structures. The kinetics of metal-cysteine binding greatly depends on the
surrounding ligands and the positioning of the metal complex in the active site. The
library members were tested for antiproliferative activities in NCI-H1975 lung cancer
cells (EGFR, L858R and T790M mutations) and SK-BR-3 breast cancer cells (Her-2
positive) to identify hits and establish structure activity relationships. Some platinated

inhibitors exhibited greatly enhanced activity compared to the unplatinated counterparts.
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Combining metabolite-based pharmacophores with Bayesian machine learning
models for Mycobacterium tuberculosis drug discovery

Sean Ekins>®, ekinssean@yahoo.com, Peter Madrid®, Malabika Sarker®, Shao-Gang
Li%, Nisha Mittal*, Xin Wang®, Thomas Stratton®, Matthew Zimmerman’, Carolyn
Talcott®’, Pauline Bourbon®, Mike Travers®, Maneesh Yadav®, Joel S. Freundlich?. (1)
Rutgers Univ, Piscataway, New Jersey, United States (2) Pharmacology &
Physiology/Medicine, Rutgers University - NJMS, Princeton, New Jersey, United States
(3) SRI International, Menlo Park, California, United States (4) Departments of
Pharmacology & Physiology and Medicine, Center for Emerging and Reemerging
Pathogens,, Center for Rutgers University T New Jersey Medical School, Newark, New
Jersey, United States (5) Collaborative Drug Discovery, Inc, Burlingame, California,
United States (6) Collaborations in Chemistry, , Fuquay Varina, North Carolina, United
States (7) Public Health Research Institute, Rutgers University i New Jersey Medical
School, Newark, New Jersey, United States

Integrated computational approaches for Mycobacterium tuberculosis (Mtb) are useful
to identify new molecules that could lead to future tuberculosis (TB) drugs. Our
approach uses information derived from the TBCyc pathway and genome database, the
Collaborative Drug Discovery TB database combined with 3D pharmacophores and
dual event Bayesian models of whole-cell activity and lack of cytotoxicity. We have
prioritized a large number of molecules that may act as mimics of substrates and
metabolites in the TB metabolome. We computationally searched over 200,000
commercial molecules using 66 pharmacophores based on substrates and metabolites
from Mtb and further filtering with Bayesian models. We ultimately tested 110
compounds in vitro that resulted in two compounds of interest, BAS 04912643 and BAS
00623753 (MIC of 2.5 and 5 mg/mL, respectively). These molecules were used as a
starting point for hit-to-lead optimization. The most promising class proved to be the
quinoxaline di-N-oxides, evidenced by transcriptional profiling to induce mRNA level
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perturbations most closely resembling known protonophores. One of these, SRI58
exhibited an MIC = 1.25 pg/mL versus Mtb and a CCsg in Vero cells of >40 pg/mL, while
featuring fair Caco-2 A-B permeability (2.3 x 10 cm/s), kinetic solubility (125 uM at pH
7.4 in PBS) and mouse metabolic stability (63.6% remaining after 1 h incubation with
mouse liver microsomes). Despite demonstration of how a combined
bioinformatics/cheminformatics approach afforded a small molecule with promising in
vitro profiles, we found that SRI58 did not exhibit quantifiable blood levels in mice.
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Electronic structure of light-harvesting antennas in purple bacteria

Kushal Shrestha, kshrest@ncsu.edu, Elena Jakubikova. North Carolina State
University, Durham, North Carolina, United States

Light-harvesting antennas are protein-pigment complexes that play a crucial role in
natural photosynthesis. The antenna complexes absorb light and transfer energy to
photosynthetic reaction centers where charge separation occurs. The goal of this work
is to study the electronic structure of the pigment networks of light-harvesting complex |
(LH1), LH1 with the reaction center (RC-LH1), and light-harvesting complex Il (LH2)
found in purple bacteria. As the pigment networks of LH1, RC-LH1, and LH2 contain
thousands of atoms, conventional DFT and ab initio calculations of these systems are
not computationally feasible. Therefore, we utilize density functional theory (DFT) in
conjunction with the energy-based fragmentation with molecular orbitals (EBF-MO)
method as well as a semi-empirical approach employing the extended Huckel (EH)
model Hamiltonian to determine the electronic properties of these pigment assemblies.
Our calculations provide a deeper understanding of the electronic structure of natural
light-harvesting complexes, especially their pigment networks, which could assist in
rational design of artificial photosynthetic devices.
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Computational studies of spin trapping of biologically relevant radicals by new
heteroaryl nitrones

Eyram Asempa, asempa@goldmail.etsu.edu, Scott J. Kirkby. Chemistry, East
Tennessee State University, Johnson City, Tennessee, United States

New heteroaryl nitrone spin traps have an excellent ability to add free radicals to
produce stable products. The effects of new heteroaryl (thiadiazoyl and furoxanyl)
substituents on a parent nitrone spin trap have been computationally studied using ab
initio methods at the Hartree-Fock (HF) and second-order Mgller-Plesset (MP2) levels
with the 6-31G(d), cc-pVDZ and cc-pVTZ basis sets. The calculations show that new
heteroaryl nitrones are very reactive, with thiadiazoyl substituted-nitrones being the
most reactive spin traps and 1,2,4 1 thiadiazol -5-yl nitrone is the most polar spin trap.
Additionally, the thermodynamics of the spin trapping of new heteroaryl nitrones at C-
siteandO-si te with the biologicadnd A@H) vag
studied using HF/6-31G(d). The calculations show that thermodynamically, the spin
trapping of furoxan-3-y |  ni t r o n esawidt hA O%H ,givaddidinast sgable
spin adducts at the C site while furoxan-4-yl nitrone with these radicals gives the most
stable spin adducts at the O site. However, the spin trapping at the C site of new
heteroaryl nitrones is highly exothermic as compared to the O site of the nitrone, with no
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activation energy barrier for any of the radicals studied. Finally, the thermodynamics of

the spin trapping of DMPO, PBN and FxBN with
using Density Functional Theory (DFT) with M06/6-31*. The spin trapping of FXxBN with

AOH is thermodynamically favored over the sp
The double spin adduct of FxBN with AOH radi
monoadduct of FxBN with AOH mdedtandiagloftheThi s wo
chemical and physical basis that influences the spin trapping efficiency of the new

heteroaryl nitrones with biologically relevant radicals and the corresponding stability of

their spin adducts.
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Designing neutralizing antibodies for Marburg and Ebola viruses

Amandeep Sangha, amandeep.k.sangha@vanderbilt.edu, Jens Meiler, James E.
Crowe. Vanderbilt University, Nashville, Tennessee, United States

The filoviruses, Ebola and Marburg, cause deadly hemorrhagic fever in humans.
Absence of any proven effective treatment for filovirus-infected patients has costed
thousands of lives in the last Ebola virus outbreak. Mapping the molecular interactions
of the virus glycoprotein (GP) with the antibody is important for therapeutic strategies.
Starting with a low-resolution structure of Marburg GP complexed with an antibody
MR78, we first refine the structure using phenix.rosetta protocols. We determine the
critical antigen-antibody interactions required for neutralizing the virus. Further, we
generate a position specific scoring matrix that can be used to rapidly screen and
compare the antibody repertoire of infected and naive humans to find antibodies that
are close in sequence and structure to neutralizing antibodies. These antibodies can
further be optimized to enhance the binding affinity and neutralization properties against
filoviruses.
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Theoretical aspects of the molecular imprinting of penicillin

Julia M. Saloni, julia.m.saloni@jsums.edu. Dept of Chem and Biochem, Jackson State
University, Jackson, Mississippi, United States

This work introduces a computational study on the molecular imprinting of penicillin in
methyl methacrylate/ methacrylic acid copolymer. Presented copolymer can be used as
the enteric coating for antibiotic to create a barrier protecting the medication from low
pH of the stomach. This computational study presents: penicillin and polymer active
sites, cave models with interaction energy analysis (between antibiotic and monomers),
solvent influence on the binding energy, and pH effect on the polymer coating.

The density functional theory, DFT, method has been used for all structural, vibration
frequency, and solvent calculations.
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Figure 1. MIP process: (A) sedflssembly; (B) polymerization; (C) solvent extraction
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Opportunities for computational prediction of contaminant toxicity, fate, and
transport properties to support disaster response

William A. Alexander, w.alexander@memphis.edu, Nathan J. Deyonker. Chemistry,
University of Memphis, Cordova, Tennessee, United States

The proper response to a chemical spill is predicated on the availability of information
regarding the spilled agent. Important engineering and environmental decisions must be
made to protect human health and safety. Environmental fate and transport behavior
can be predicted from fundamental physicochemical properties, but if these properties
are unknown or unavailable at the time of the incident, responders need scientific
support. Using the Jan. 2015 EIk River Chemical Spill as a backdrop and motivation, |
will highlight the need in the disaster response community for more rigorous, on-
demand, accessible, and fast methods to predict physiciochemical properties for use in
fate, transport, and toxicity modeling, and detail some of our efforts in this regard. | will
issue a call to action and assert that computational chemistry practitioners, not the
emergency response community, have a responsibilty to the public good to bring the
development and implementation of such models into reality.
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Phosphoramidate hydrolysis catalyzed by hHINT1: A cluster-model DFT
computational study

Guangchao Liang, guangchaoliang@gmail.com, Charles E. Webster. Chemistry,
Mississippi State University, Mississippi State, Mississippi, United States

Human histidine triad nucleotide binding protein 1 (hHint1) is a member of a ubiquitous
and ancient branch of the histidine triad protein superfamily. Human Hintl is a
homodimeric protein that catalyzes the hydrolysis of model substrates,
phosphoramidate and acyl adenylate, with high efficiency. While a variety of interactions
with Hintl family have been discovered, little is known about the enzymatic activity and
the underlying atomic-level details of the catalytic mechanism. Computations employing
density functional theory (DFT) computations were used to explore the possible catalytic
mechanism for the hydrolysis of substituted adenosine monophosphate (AMP) by
hHintl. The previously proposed catalytic mechanism includes three important steps:
(1) the nucleophilic reaction of His112; (2) the N-P bond breaking of phosphoramidate;
and (3) the nucleophilic reaction of water molecule. The attack of the N atom from
His112 on the phosphoryl group could produce five-coordinate phosphorane
intermediate and the attack of H,O influences the related intermediate to revert to



monophosphate substrate AMP. The results of the proposed mechanism are also used
to suggest transition state analogue.
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Characterizationof C-X. . .~ i nt er act -ofahesrt computagiona t at e
techniques

Kevin Riley, kev.e.riley@gmail.com. Chemistry, Xavier University of Louisiana, New
Orleans, Louisiana, United States

Halogen bonds have been recognized in the past decade as important noncovalent

interactions that play roles in biomolecular structures and material design. Most

typically, halogen bonds are viewed as occuring between a bound halogen and a bound
electronegative atom, such as oxygen or nitrogen. These types of halogen bonds have

been the subject of many theoretical and experimental studies and their properties are
known relatively well. It has recently been
aromatic rings, can also serve as halogen bond acceptors. The properties of these C-
X... (x = cClI, Br , I ) interactionsardtheve not
subject of many recent investigations. Given the relative complexity of the electrostatic
potentials of aromatic systems, the optimum geometriesof C-X. . . © compl exes
as easily determined as those of more typical C-X...O or C-X...N systems. Because

aromatic systems have large surface areas and high polarizabilities, and because

halogens are large and have high polarizabilities, dispersion forces, as well as

electrostatic forces, play a large role in stabilizingC-X. . .~ compl exesgbe Her e

work aimed at characterizing interactions occurring between several halogen bond
donors (HX, HCCX, and NCX) and benzene using modern computational chemistry
methods. Accurate binding energies for various geometrical configurations of these
complexes are generated at the CCSD(T)/aug-cc-pVQZ level of theory while symmetry
adapted perturbation theory (SAPT) calculations are used to estimate the relative
contributions of electrostatics, dispersion, and induction in stabilizing the complexes.
Additionally, the performance of several density functional theory methods, with and
without empirical dispersion corrections, is assessed in terms of their ability to
accurately describe these C-X. . .~ syst ems.
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Prediction of pKa via a QM/QM approach
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Prajay Patel, PrajayPatel@my.unt.edu, Jiaqi Wang, Angela K. Wilson. Chemistry Dept,
University of North Texas, Denton, Texas, United States

Three implicit solvation models, C-PCM, COSMO, and SMD, were utilized to calculate
the pKj, values of a set of Ni-group hydrides in acetonitrile using a direct thermodynamic
scheme. The influence of solvation model, density functional and basis set choice within
a hybrid two layer QM/QM approach (ONIOM), atomic radii applied to build a cavity in
the solvent, the size of the high-layer region in ONIOM calculations, and inclusion of
Gri mmebs empirical dispersion correctkKon in D
values were examined. The DFT functionals considered in this study include the local
spin-density approximation (LSDA), generalized gradient approximation (GGA), meta-
GGA, hybrid-GGA, hybrid-meta-GGA, and double-hybrid-GGA functionals. The results
were calibrated by experimental pK, values. The impact of the percentage of HF
exchange used for hybrid functionals was considered. These investigations provide
useful insight about models needed for the prediction of thermodynamic properties of
transition metal hydrides.

2015 Joint Southeastern/Southwest Regional Meeting 22

Structures, relative energies, and ligand dissociation energies of Ir,(CO),(NHC),
clusters

Shengjie Zhang*, sjzhang0905@hotmail.com, Sawyer Foyle?, Bruce C. Gates?,
Alexander S. Katz®, David A. Dixon'. (1) Chemistry Dept, Shelby Hall, The University of
Alabama, Tuscaloosa, Alabama, United States (2) Dept Chem Eng Mtrls Sci, Univ of
California, Davis, California, United States (3) Eng MC 1462, University of Cal at
Berkeley, Berkeley, California, United States (4) the University of Alabama, Tuscaloosa,
Alabama, United States

Small iridium clusters catalyze a broad range of reactions. Besides traditional ligands
like phosphines, N-heterocyclic carbenes (NHCs) show great potential for as li9gands
for catalytic processes. The low energy isomers of the iridium clusters with carbonyls
and NHCs, Ir(CO),(NHC), complexes (x=1, 2, 4) were investigated using density
functional theory and coupled cluster CCSD(T) theory. The CAM-B3LYP functional
predicted the most consistent reaction energies as compared to CCSD(T) for mono-
and di-iridium clusters. The CAM-B3LYP functional was used to predict the ligand
dissociation reactions for larger Ir4(CO),(NHC);, clusters. Both electronic effects and
steric effects contribute to an increase in CO dissociation energies and a decrease in
NHC di ssociation energies as more @Qws are su
clusters, the ligands on the apical and bridging sites have lower dissociation energies
than those on the equatorial and axial sites in the basal plane and some dissociations
reactions 3COsul t i n a ¢
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The pivotal role of di-copper catalysis in 1,3-dipolar cycloadditions: A reaction
valley study

Thomas M. Sexton, tsexton@mail.smu.edu, Dieter H. Cremer. Southern Methodist
University, Dallas, Texas, United States



Catalysis is one of the major chemical challenges of our time. Transition metal catalysis
specifically has the potential to facilitate the synthesis of desirable chemicals. This work
is a mechanistic investigation of homogeneous catalysis utilizing an off-mainstream
methodology: Rather than investigating just the energetics of a catalyzed reaction, the
potential energy surface is explored in the vicinity of the reaction path following it from
its start to its end. In this way, the reaction valley is studied for the purpose of unraveling
the coupling between vibrational and translational motions of the reaction complex,
which is decisive for the mechanistic outcome.

A dual level approach was used, based on Coupled Cluster theory for the energetics
and a lower level method for the description of the reaction valley. Decomposition of the
reaction path curvature into internal coordinate components allows identification of
chemical events, such as rehybridization and bond formation, as they occur along the
reaction path (See Figure). Eight Cu-catalyzed 1,3-dipolar cycloadditions to acetylene
are analyzed. A di-Cu catalyst converts a one-step mechanism to a two step-
mechanism, where each step has a significantly lower barrier than the non-catalyzed
reaction. Electronic reasons for the effectiveness of the Cu catalyst in the cycloaddition
reactions will be discussed.
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Computational investigations of structural, electronic, and wavefunction effects
on molecular hyperpolarizability

David A. Clabo, dclabo@fmarion.edu, Morgan McDaniel, Patricia Snowden, Miranda
Miles. Francis Marion Univ, Florence, South Carolina, United States



Having previously found no satisfactory level of theory or basis set at which molecular
hyperpolarizability is accurately calculated (with respect to experimentally determined
values), this research surveys various other factors that may contribute to large
calculated hyperpolarizability (and better agreement with experiments). In addition to
molecular electronic features like dipole moment and electrostatic potential,
wavefunction contributions from excited states, as determined by CISD and MCSCF
wavefunctions have been considered. Small organic reference molecules have been
considered as well as substituted saccharins and their transition metal complexes.
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Nature of metal ion mediated second shell hydrogen bonds

Dhruva Chakravorty, chakravorty@hpc.ufl.edu. Chemical Sciences Building,
University of New Orleans, New Orleans, Louisiana, United States

We investigate the role of induction effects in a zinc ion mediated second-shell
hydrogen bond that plays a critical role in the mechanism of allosteric regulation in the
paradigm sensor protein Staphylococcus aureus CzrA. Using a model of the metal-
binding site of CzrA, we show via Natural Bond Order (NBO) and Symmetry-Adapted
Perturbation Theory (SAPT) calculations that charge the charge transfer (CT) effect
withdraws greater charge from atoms participating in hydrogen bonding in the presence
of Zn(lIl) than in the apo state. Preliminary results suggest that polarization may play a
significant role in helping strengthen the metal ion mediated hydrogen bond in CzrA.
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lonic liguid binary mixtures with organic solvent as an electrolyte for wide
temperature and high performance supercapacitor applications

Rangana Jayawickramage?, jrp130430@utdallas.edu, Jeliza S. Bonso®, John P.
Ferraris®. (1) Chemistry/BE 26, The University of Texas at Dallas, Richardson, Texas,
United States (2) Chemistry, University of Texas at Dallas, Dallas, Texas, United States
(3) Department of Chemistry, University of Texas at Dallas, Richardson, Texas, United
States

The capability of supercapacitors to work over a wide temperature window (-40 °C to
+80 °C) has drawn attention in many applications like space, military and some
industries. The main limiting factor for a wide temperature window is the stability of
electrolyte. Organic and aqueous electrolytes have lower boiling points and cannot be
used in high temperature applications. lonic liquid electrolytes have been explored in
supercapacitors because of their high thermal stability (>200 °C). Pyrrolidinium-based
ionic liquids are a widely used class of ionic liquids because they have lower melting
temperature. A significant increase in the temperature window has been obtained by
using ionic liquid binary mixtures as electrolytes. The binary mixture of 1-butyl-1-
methylpyrrolidinium bis(trifluoromethylsulfonyl)imide (Pyr14-TFSI) and 1-propyl-1-
methylpyrrolidinium bis(trifluoromethylsulfonyl)imide (Pyr13-TFSI) is particularly
attractive. Unfortunately, since both electrolytes are highly viscous, this results in a low
ionic conductivity of the mixture which leads to lower electrochemical performance.
Conductivity measurements and DSC analysis show that by adding an organic solvent
to this binary mixture, the conductivity can be increased without decreasing the
temperature window. Also the electrochemical performance of coin cell supercapacitors



were tested using Pyr14-TFSI and Pyr13-TFSI ionic liquid binary mixture in organic
solvent as the electrolyte and carbon nano fiber as the electrode material. Coin cell
supercapacitor with Pyr14-TFSI and Pyr13-TFSI did not work at -50 °C, in contrast the
ionic liquid binary mixtures in organic solvent electrolyte showed 93% retained in
specific capacitance at -50 °C at 10mV/s.
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Study of the effect of anion on the x-ray crystal structures and thermal properties
of 1,3-dibenylimidazolium based ionic liquids

Eshan Gurung?, eshan.gurung@ttu.edu, Ran Tao?, Daniel Unruh!, Mustafa Cetin®,
George Tamas®, Michael F. Mayer!, Sindee L. Simon?, Edward L. Quitevis®. (1)
Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas,
United States (2) Department of Chemical Engineering, Texas Tech University,
Lubbock, Texas, United States

Three crystals of 1,3-dibenylimidazolium ionic liquid systems with varying the anions,
bromide (1), triflate (1) and bistriflimide (lll) were synthesized. X-ray diffraction
measurements on single crystals of each of the ionic liquids demonstrated a unique
structur al organi zation of cafi onseamdenannobe
the phenyl-phenyl and phenyl-imidazolium rings and hydrogen bonding between the
anion and the acidic hydrogen of imidazolium ring, are affected by the anion. Crystal |
with the bromide ion has an additional interaction due to the presence of water
molecules in the crystal lattice. Water molecules have strong interactions with bromide
ions and also form hydrogen bonds with the acidic proton on the imidazolium ring. The
size of the anion plays an essential role in the self-assembly of the ions in the crystal
structure. The enthalpies of melting and melting temperatures of these systems will be
correlated to differences in the crystal structures.
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A novel technique for energy resolved measurements of gas phase ion molecule
rearrangement and decomposition reaction kinetics

Zachry Theis?, zachry_theis@baylor.edu, Adam Mansell®, Darrin J. Bellert'. (1) Baylor
University, Waco, Texas, United States (2) Chemistry Biochemistry, Baylor University,
Waco, Texas, United States (3) Chemistry/ Biochemistry, Baylor University, Waco,
Texas, United States

Kinetic and dynamic studies of metal cations on organic substrates have long been
important in elucidating the fundamental nature of reactions in organometallic chemistry.
However, energy resolved measurements of these kinetic barriers can be difficult as
they are often submerged with respect to separated reactant energies and require
systems with well defined internal energy. Presented is a molecular beam apparatus
designed to study single-photon initiated decomposition and rearrangement reactions
(SPIDDR). The jet cooled ion-molecule encounter complex receives activation energy
via single photon absorption allowing reaction product formation. Production of daughter
fragment species is monitored to determine the microcanonical rate constant, k(E).
Deuterium-labeled organics are studied to gain mechanistic insights via the kinetic
isotope effect.
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Energy resolved transition metal assisted decomposition of simple organic
molecules

Adam Mansell, adam_mansell@baylor.edu. Chemistry/ Biochemistry, Baylor
University, Waco, Texas, United States

The ability for transition metals to lower barriers in a reaction, and to facilitate selective
product yield is widely utilized, but not fully understood. Our knowledge of how transition
metals are able to facilitate the breaking and forming of chemical bonds has progressed
substantially in recent decades due in large part to numerous ion beam type
experiments. These gas phase experiments are able to probe the fundamental nature of
reactions catalyzed by transition metals because of the unparalleled ability to study the
reaction in a controlled environment free of complicating factors such as solvent effects.

Our group's research adds to this body of knowledge by utilizing a technique developed
in our laboratory which allows us to monitor the decomposition of simple organics
electrostatically bound to a single metal cation at resolved internal energies. Analysis of
the temporal development of the products of these reactions allows us to parse out
details of the reaction mechanism. Recent results from these experiments will be
presented.
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Single photon initiated dissociative rearrangement reactions (SPIDRR) of
transition metal ion/molecule systems

Darrin J. Bellert?, Darrin_Bellert@baylor.edu, Adam Mansell*, Zachry Theis?. (1)
Baylor University, Waco, Texas, United States (2) Chemistry Biochemistry, Baylor
University, Waco, Texas, United States (3) Chemistry/Biochemistry, Baylor University,
Waco, Texas, United States

Gaseous reactions between transition metal ions with organic molecules have been
studied for decades as these represent idealized systems that demonstrate catalytic
action. These studies have primarily been the province of guided ion beam and ion
cyclotron techniques. Indeed, a wealth of thermochemical data has been recorded for
ion/molecule reactions. However, these traditional techniques are far less apt at
describing the reaction kinetics and dynamics of such systems. This is particularly true
when the kinetic barriers that separate reactants from products are at energies below
the separated reactants (typically deamed submerged barriers). These reactions occur
at the collision frequency and despite their obvious significance to catalysis, have yet to
suffer significant experimental exploration.

This presentation describes our current progress at quantifying aspects of exothermic,
idealized ion/molecule reactions where submerged barriers control the reaction kinetics
and dynamics. This is accomplished by freezing the reactants as a binary cluster in a
supersonic expanding beam. The cluster absorbs a photon of laser energy to overcome
submerged kinetic barriers and progress to products. The charged dissociative products
are monitored in real time in a modified time of flight mass spectrometer, providing a
direct measurement of reaction kinetics at well-specified cluster energies. Recent



results for transition metal mediated aldehyde decomposition reactions will be
presented.
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On the importance of conformational analysis for accurate prediction of
molecular properties

William A. Alexander, w.alexander@memphis.edu, Katherine Charbonnet, Taylor
Brown, Nathan J. Deyonker. Chemistry, University of Memphis, Memphis, Tennessee,
United States

As part of the "second response” to the 2014 EIk River Chemical Spill in West Virginia,
we employed various computational methods to predict physicochemical properties of
the components of the spilled fluids, which mainly comprised oxidized cyclohexane
derivatives. These compounds were poorly characterized and many of even the most
basic of their molecular properties were unknown or unreported. In our investigation, we
found that examination of only the global minimum structure was insufficient to explain
observed experimental data. This disconnect with experiment hampers the ability to
provide molecular property predictions with any confidence. However, with a complete
accounting for all of the low lying geometric minima, we were able to reconcile our
computational results with experimental fate and transport properties.* We will detail our
methods and lessons learned from this case study, and generalize recommendations
for similar efforts going forward.

(1) Dietrich, Thomas, Zhao, Smiley, Shanaiah, Ahart, Charbonnet, DeYonker,
Alexander, and Gallagher, Environ. Sci. Technol. Lett., (2015) 2, 123i 127; DOI:
10.1021/acs.estlett.5b00061
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Diffusion of benzene and alkylbenzenes in n-alkanes

Bruce A. Kowert, kowertba@slu.edu, Paul M. Register. St Louis Univ, Saint Louis,
Missouri, United States

The translational diffusion constants, D, of benzene and a series of alkylbenzenes have
been determined in four n-alkanes at room temperature using capillary flow techniques.
The alkylbenzenes are toluene, ethylbenzene, 1-phenylpropane, 1-phenylpentane, 1-
phenyloctane, 1-phenylundecane, 1-phenyltetradecane, and 1-phenylheptadecane. The
n-alkanes are n-nonane, n-decane, n-dodecane, and n-pentadecane. Ratios of the

s o | ul valsed are independent of solvent and in general agreement with the
predictions of diffusion models for cylinders and lollipops. For the latter, an

al kyl benzeneds phenyl ring is the | ollipopds
that considers the solutes to be spheres with volumes determined by the van der Waals
increments of their constituent atoms is not in agreement with experiment. The diffusion
constant ratios of 1-alkene and n-alkane solutes in n-hexane, n-heptane, and n-octane
also are compared with the cylinder model; reasonably good agreement is found. The
agreement with the cylinder model indicates that the translational motion of the
alkylbenzenes is similar to that of the 1-alkene and n-alkane solutes in these solvents.
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Synchrotron based infrared vibrational-rotational spectroscopic study of
isobutylene

Scott W. Reeve', sreeve@astate.edu, Trocia N. Clasp?, Brant Billinghurst®. (1) Dept of
Chemistry and Physics, Arkansas State U, State University, Arkansas, United States (2)
Medical Physics, US Army MEDCOM WBAMC, Ft Bliss, Texas, United States (3)
Canadian Light Source Facility, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada

Rotational structure in the n,g fundamental band of isobutylene has been examined at
room temperature with synchrotron radiation at the University of Saskatchewan
Canadian Light Source Facility. All of the measurements for this band were collected at
a spectral resolution of 0.0009 cm™. At this level of spectral both fundamental ro-
vibrational structure as well as transitions associated with internal rotational/torsional
motions could be readily observed. Although the molecule is classified as an
asymmetric top, the rotational structure of the band appears to possess a very regular
pattern. In this talk, we will present a set of preliminary set of spectral assignments and
molecular constants for this fundamental band.
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Chemical kinetics in the processing of nuclear materials

J McFarlane?, joannamcfarlane @bellsouth.net, Laetitia H. Delmau?, David W. DePaoli?,
Catherine H. Mattus®. (1) Energy and Transportation Science Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, United States (2) Nuclear Security and
Isotope Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
United States



Irradiation of target materials is used to make actinides, such as plutonium-238, for
thermoelectric generators to power deep space missions. NASA and DOE have a
project to increase the stockpile of Pu-238 to power missions in 2020 and beyond.
Targets are being irradiated at the Oak Ridge National Laboratory (ORNL) High Flux
Isotope Reactor (HFIR). To extract the plutonium from the neptunium target material
and fission byproducts, a number of chemical separations are being carried out at the
ORNL Radiochemical Engineering Development Center (REDC). After dissolution of the
aluminum cladding, the separations are based on control of the redox chemistry of the
plutonium and neptunium, by selectively adding redox-active reagents. The chemistry of
dissolution and redox state is controlled by the kinetics of the reactions involved. We
have been conducting kinetics experiments and modeling reaction chemistry using
Matlab in support of the process flowsheet development, and comparing these findings
with published literature. We have been able to measure temperature dependent rates
of reaction for the dissolution of aluminum alloy and the decomposition of
hydroxylamine nitrate. The first process gives an example of an exothermic process that
does not include autocatalysis, whereas the second process involves autocatalysis
which requires a Semenov factor included in the rate equation. The role of minor
alloying elements and fission products will be explored.

2015 Joint Southeastern/Southwest Regional Meeting 35
Adsorption studies of water and methanol on a metal phosphide surface

Heather L. Abbott-Lyon, hlabbott@gmail.com. Chemistry and Biochemistry,
Kennesaw State University, Atlanta, Georgia, United States

The meteoritic mineral schreibersite, an iron-nickel phosphide, is hypothesized to have
been the mineral source of phosphorus for prebiotic chemistry on the Early Earth.
However, the mechanism of phosphorylation by schreibersite is currently unknown. In
particular, the role that the mineral surface plays in these reactions is unclear. In an
effort to understand the corrosion of schreibersite in aqueous organic solutions, thin
films of water and methanol on a synthetic schreibersite surface (Fe;NiP) have been
studied. Schreibersite surfaces were analyzed by Scanning Electron Microscopy (SEM)
before and after polishing to determine surface roughness and elemental composition.
Subsequently, these samples were examined in an ultrahigh vacuum chamber using
Reflection-Absorption Infrared Spectroscopy (RAIRS) and Temperature Programmed
Desorption (TPD). Features corresponding to multilayers are clearly identifiable in both
RAIRS and TPD spectra, while sub-monolayer peaks are more challenging to assign.
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Real-time measurements of oxidative stress during chronic L-DOPA treatment for
Parkinsonds disease

Leslie R. Wilson, Irwilso2@ncsu.edu, Christie A. Lee, Catherine F. Mason, Leslie A.
Sombers. Chemistry, North Carolina State University, Raleigh, North Carolina, United
States

Parkinsonds disease (PD) is a chronic neurode
preferential loss of dopaminergic neurons stemming from the midbrain's substantia

nigra pars compacta and innervating the dorsal striatum. The substantial decreases in

striatal dopamine (DA) result in devastating hypokinetic movements and motor



disturbances. One potential contributor to Parkinsonian symptoms is increased
generation of reactive oxygen species, such as hydrogen peroxide (H.0,). However, the
precise role of H,O; in the the initiation, progression, and maintenance of the disease
remains unclear, as reactive oxygen species are difficult to monitor in brain tissue.
Further, several lines of evidence suggest that the standard treatment strategy of
dopaminergic replacement therapy via administration of Levodopa (L-DOPA; L-3,4
dihydroxyphenylalanine) may serve to increase oxidative stress and potentiate cell
death. We aim to investigate how striatal H,O, and DA dynamics underlie behavioral
changes that result from chronic L-DOPA administration in a rodent model of PD
(unilateral 6-OHDA lesion) using fast-scan cyclic voltammetry, an electrochemical
technique that affords precise spatial and temporal resolution, as well as selective
detection of these neurochemicals. Specifically, carbon-fiber microelectrodes are used
to simultaneously quantify rapid H,O, and DA fluctuations at single recording sites in the
dorsal striatum over several weeks of L-DOPA administration. The chemical fluctuations
are correlated with behavioral abnormalities that develop over the course of treatment.
These studies will aid in our understanding of how oxidative stress modulates
nigrostriatal DA signaling, and will demonstrate how these signals correspond with the
development of dyskinetic movements in the treatment of PD.
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Voltammetric method for the determination of diffusion and partition coefficients
in plasticized polymer membranes

James Sheppard, jsheppard5189@gmail.com, Erno Lindner. University of Memphis,
Memphis, Tennessee, United States

For feedback controlled monitoring of the popular anesthetic, propofol, we used a
voltammetric sensor coated with a highly-plasticized polymer membrane *. The
sensitivity of the sensor is controlled by diffusion coefficient (D) of propofol in the
membrane, while the detection limit and the selectivity depends on the partition
coefficients (P) of the analyte and interfering compounds. Both D and P are strongly
influenced by the composition of the membrane. To optimize the membrane
composition for sub-micromolar detection limit and adequate selectivity, the diffusion
and partition coefficients have to be measured in a variety of membranes.

In our contribution, we show that both D and P can be determined voltammetrically
using planar electrochemical cell with a carbon fiber microelectrode. Diffusion
coefficients were calculated from the steady state current recorded in membranes
containing electrochemically active analyte. Utilizing aqueous extraction, a portion of the
analyte in each membrane was removed, and membrane/aqueous partition coefficients
were calculated from the steady state current recorded in post-extraction membranes
and aqueous solution.

We report the diffusion and partition coefficient of a variety of compounds (e.g.,
ferrocene derivatives, propofol, acetaminophen) in membranes fabricated with a variety
of plasticizers (e.g. ortho nitro phenol octyl ether, dioctyl sebacate, and octanol).

1. F. Kivlehan, F. Garay, J. D. Guo, E. Chaum and E. Lindner, Analytical Chemistry,
2012, 84, 7670-7676.
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The Stokes-Einstein equation and the diffusion of ferrocene in room temperature
ionic liquids (RTILs) studied by cyclic voltammetry

Mahesh Thakurathi, mahesh.thakurathi@ttu.edu, Edward L. Quitevis, Michael F.
Mayer, Mustafa Cetin, Eshan Gurung. Department of Chemistry and Biochemistry,
Texas Tech University, Lubbock, Texas, United States

In this study, the classical Stokes-Einstein (SE) equation is used to understand the
diffusion of ferrocene (Fc) molecules in room temperature ionic liquids (RTILS). Various
symmetric and asymmetric RTILs are used to understand the effect of the symmetry of
alkyl substitution and the role of chain length in the diffusion properties of Fc. The
diffusion coefficient of Fc is determined by applying the Randles-Sevcik equation to the
peak current in the cyclic voltammograms. The diffusion coefficient is found to be higher
in symmetric RTILs than in asymmetric ILs with the same number of alkyl carbon atoms,
which is consistent with our previous studies where we found the asymmetric RTILsS to
be more viscous than the symmetric ones having the same number of alkyl carbon
atoms. From the SE equation, we find the effective hydrodynamic radius to be to be
(2.1+0.1) x 10™° m, which is less than the crystallographic radius (3.5 x 10™*° m) of Fc.
This is consistent with previous studies of the diffusion of solutes in RTILs that show the
hydrodynamic radius to be less than the van der Waals radius of the solute.
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Quantification of some heavy metals levels in samples of edible nuts

Jerzy Mierzwa®?, jmierzwa@yahoo.com. (1) Agriculture & Environmental Sciences,
Tennessee State University, Nashville, Tennessee, United States (2) Chemistry,
Tennessee State University, Nashville, Tennessee, United States

The concentration levels of heavy metals in edible nuts are important because they
have a significant and recently increasing role in human nutrition.

Samples of several nuts were homogenized, digested (wet acidic digestion) and
dissolved. The concentrations of a dozen of heavy metals in these samples were
determined by flame atomic absorption spectrometry (F-AAS), graphite furnace atomic
absorption spectrometry (GF-AAS) and inductively coupled plasma i optical emission
spectrometry (ICP-OES). Additionally, some nut samples were also examined by ATR
FTIR spectroscopy. The analytical results will be presented, summarized and
compared.
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Detection of natural product off-rates within complex matrices

Aman Singh®, aman.singh@stjude.org, John J. Bowling?, Richard E. Lee®. (1) St. Jude
Children& Research Hospital, Memphis, Tennessee, United States (2) Chemical
Biology Therapeutics, St. Jude Children®& Research Hospital, Memphis, Tennessee,
United States (3) The University of Tennessee Health Science Center, Memphis,
Tennessee, United States

Natural products provide significant chemical diversity and phenotypic screening has
been an effective approach to identify bioactive compounds. Target-based screening
eliminates questions regarding mechanism that arise from phenotypic screening thus a



third drug discovery approach could effectively combine these methods. However, using
target-based screening in the context of traditional bioassay-guided isolation requires

methods which can evaluation complex mixtures (i.e. extracts or fractions of natural

products) for binding partners. Approaches such as weak affinity chromatography have

been explored as options for Aligand fishing,
limited use. We believe that off-rates obtained through SPR can effectively support

bioassay-guided isolation. Our SPR experiments are off-line using the St. Jude natural

products fraction library and we are developing methods to effectively analyze

sensorgrams. Analysis of off-rates has been shown to be effective in prioritizing reaction

mixtures for target binding and can be useful for evaluating natural products as well.
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Quantification of thiol Raman a