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About the Karle Symposium
Designed and run by graduate
students, the Isabella and Jerome
Karle Symposium, sponsored by PPG,
serves as a venue for sharing exciting
research taking place within the
Department of Chemistry. Originally
named PECRUM, the first symposium
was held in 2003. Through
participants presenting their work to
the department as a whole, students
foster collaborations, inspire new
avenues of research, and nurture a

growing sense of community within the department. The symposium has
become an annual tradition within Michigan’s Department of Chemistry.

The symposium is named in honor of Isabella and Jerome Karle,
distinguished graduates of the University of Michigan, Department of
Chemistry. Both Isabella and Jerome received their doctorates in physical
chemistry from the University of Michigan. Isabella received her B.S., M.A., and
Ph.D. from the University before the age of 23. The two returned to the
University of Michigan to become faculty members in the chemistry
department before pursuing illustrious careers at the United States Naval
Research Laboratory where they focused on the development and
advancement of X-ray crystallography methods. Isabella and Jerome worked
together to improve upon these methods needed to analyze and understand
complex biomolecules. Though both contributed to solving this problem, only
Jerome Karle was awarded, jointly with Herbert Hauptman, a Nobel Prize in
Chemistry in 1985 “for their outstanding achievements in the development of
direct methods for the determination of crystal structures.” Isabella and
Jerome Karle’s contribution to chemistry can be felt around the world as
laboratories perform X-ray crystallography experiments necessary to
determine molecular structures.

**Photo courtesy of Naval Research Laboratory published by the New York
Times
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Organizing Committee
Chairs: Gloria Diaz & Phoenix Williams
Chair-elects: Gloria de la Garza & Nicole Perkins
Faculty Advisor: Paul Zimmerman

The Team
(listed in alphabetical order)

David Boggs Mami Horikawa Kristine Parson

Peter-Philip Booth Nehal Idris Meredith Purchal

Anna Calkins Joshua Jones Carolina Rojas Ramirez

Vivian Crum April Kaneshiro Marina Sarcinella

Will Dowdle Ashley Lenhart Yao Xiao

Monica Franco Maribel Okiye Shuqing (Lucy) Zhang

Sponsors
A special thank you to the sponsors of the 2021 Karle Symposium!
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Schedule
Session I

9:00 AM - 9:15 AM Opening Remarks

9:15 AM - 9:35 AM

Student Talk #1 - Organic Cluster
Oleksii Zhelavskyi

Regioselective Monosaccharide Protection Catalyzed by
Polymer-supported Chiral Phosphoric Acids

9:35 AM - 9:55 AM

Student Talk #2 - Analytical Cluster
Jamy Lee

Characterization of Smoke-Influenced Cloud Water at
Whiteface Mountain, New York

9:55 AM - 10:15 AM

Student Talk #3 - Materials Cluster
John Andre

Enhanced adhesion from interfacial reactions at
polymer/polymer interfaces studied with sum frequency

generation vibrational spectroscopy

10:15 AM - 10:25 AM Break

10:25 AM - 10:30 AM Introduction of Keynote Speaker

10:30 AM - 11:30 AM

Keynote Lecture by
Prof. Stuart Conway from Oxford University
Chemical Epigenetics: Chemical Approaches to

Understanding the Function of Epigenetic Machinery in
Disease

11:30 AM - 1:30 PM Lunch and Poster Sessions

11:30 AM - 12:30 PM Poster Session I

12:30 PM - 1:30 PM Poster Session II

1:30 PM - 1:40 PM Break
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Session II

1:40 PM - 2:00 PM

Student Talk #4 - Chemical Biology Cluster
Kayla Kroning

Single protein-chain fluorescent reporter for opioid
detection

2:00 PM - 2:20 PM

Student Talk #5 - Chemical Education Cluster
Jeffrey Spencer

Designing for equity: An iterative and collaborative
approach to developing a culturally relevant chemistry

unit

2:20 PM - 2:40 PM

Student Talk #6 - Analytical Cluster
Yilin Han

  Native Ion Mobility-Mass Spectrometry reveals the binding
mechanisms for anti-amyloid therapeutic antibodies

2:40 PM - 2:50 PM Break

2:50 PM - 3:10 PM

Student Talk #7 - Physical Cluster
Alan Rask

Revealing the Full Spectrum of Electronic Interactions
within Fe(II)-Porphyrin

3:10 PM - 3:30 PM

Student Talk #8 - Chemical Biology Cluster
Guanwei Zhou

Developing molecular tools to detect protein-protein
interactions with spatiotemporal resolution

3:30 PM - 3:50 PM

Student Talk #9 - Inorganic Cluster
Matthew Hannigan

Using JPP for In-Situ Identification of Ni Bidentate
Phosphine Complexes

3:50 PM - 4:00 PM Break

4:00 PM - 5:00 PM
Plenary Lecture by

Mehran Arbab PhD from PPG Industries Inc.
Materials Science for Sustainability

5:00 PM - 5:30 PM Closing Remarks and Awards
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Guest Speakers
Keynote Speaker

Chemical Epigenetics: Chemical Approaches to
Understanding the Function of Epigenetic

Machinery in Disease
Stuart Conway, Ph.D. - Professor of Organic

Chemistry at Oxford University

Epigenetics processes can be defined as mechanisms that link genotype to
phenotype. It is commonly recognised as comprising stably heritable
phenotypes resulting from changes in a chromosome without alterations in
the DNA sequence.[1] At the molecular level epigenetics encompass
regulatory mechanisms that modulate chromatin state, controlling access to
DNA, which include the influence of noncoding RNA, DNA methylation,
nucleosome remodelling, and the effects of some histone post-translational
modifications (PTMs). Histone PTMs are dynamic, with cellular machinery
identified that can add these modifications and that can remove them. A
third class of proteins, termed “readers”, has been identified, that binds to
PTMs and thus stabilise large protein assemblies, which are often involved in
transcriptional regulation. Bromodomains, protein modules that act as
readers of lysine acetylation state, have emerged as important therapeutic
targets for a number indication, especially in oncology.[2,3]

We have developed small molecule tools to study the bromodomain and
extra terminal domain (BET) family of bromodomain-containing proteins,[4–7]
and the CREB-binding protein (CREBBP) bromodomain.[8,9] We have also
expanded our studies to probe the role of bromodomain-containing proteins
in the disease-causing parasites Tryponosoma cruzi[10] and Schistosoma
manosoni. Recent developments in the optimisation of these probes, and
their application to the development of macrocyclic ligands, and PROTACs
that degrade these proteins, will be discussed.
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PPG Industries Guest Speaker

Materials Science for Sustainability
Mehran Arbab, Ph.D. - Global Director,
Aerospace Materials Science and
Technology

The public awareness and demand for a proactive approach to addressing
climate and environmental challenges continues to increase. Industry bears
a clear responsibility in developing sustainable answers to these challenges.
Materials science can play a significant role in reducing industry’s own
footprint on the one hand and offering technologies that positively impact
the environment footprint of consumption. I will provide examples from
research and development at PPG specifically focused on sustainability in
glass and coatings technologies, and the role that science and technology
plays in their realization.
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Student Talks
Student Talk #1 (Organic Cluster)

Regioselective Monosaccharide Protection Catalyzed by
Polymer-supported Chiral Phosphoric Acids

Oleksii Zhelavskyi, Sibin Wang, Paul M. Zimmerman and Pavel Nagorny
Keywords: Carbohydrates chemistry, chiral phosphoric acid, regioselectivity

Important classes of natural products contain the polyol moiety
(oligosaccharides or polyketides), and harnessing these functional handles is
challenged by lack of stereo- and regio-selective reactions. Synthesis of
carbohydrates in particular, which play significant roles in metabolism and a
huge variety of other biological activities, is unfortunately reliant on complex,
multistep protection groups manipulations. Chiral phosphoric acid (CPA)
catalysis brings an attractive solution for regioselective polyol modification, in
contrast to standard methods based on reactivity differentiation of hydroxyl
groups. This presentation will demonstrate that BINOL/SPINOL based CPAs
can be used back-to-back for regioselective (up to > 25:1 rr) acetalization of C2
and C3 equatorial hydroxyl groups in various monosaccharides. Moreover,
selective acetal installation can be performed using heterogenous catalysis
with polymer-supported CPAs, making this protocol highly sustainable due to
ease of catalyst recovery (at small or large scale) and potential application in
flow chemistry. In addition, an unusual regioselectivity dependence on
temperature motivated us to perform mechanistic studies. A newly created
QM/MM computational model demonstrated two possible mechanisms for
the reaction, each with opposite regioselectivity (C2/C3 protection). This
model, combined with low-temperature NMR studies, proved our hypothesis
of temperature-controlled mechanism switch responsible for regioselectivity.
The utility of regioselective CPA-catalyzed acetalizations further can be used
to simplify single-pot preparation of various differentially protected mono-
and disaccharide building blocks. The developed stereochemical models
allow expanding the scope of this transformation, and further studies focused
on exploring more complex substrates.
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Student Talk #2 (Analytical Cluster)
Characterization of Smoke-Influenced Cloud Water at Whiteface

Mountain, New York
Jamy Y. Lee, Peter K. Peterson, Logan R. Vear, Ryan D. Cook, Ellie Smith, Amy
P. Sullivan, Nicole E. Olson, James E. Dukett, Lelia N. Hawkins, Kerri A. Pratt

Keywords: Cloud Chemistry, Wildfire, Biomass Burning

Wildfires significantly affect air quality and climate through the release of
particulate matter and trace gases into the atmosphere. The biomass burning
particles released from wildfires form cloud droplets which impact cloud
properties and precipitation. To examine the influence of smoke at Whiteface
Mountain, NY, cloud water samples were collected during the summer
months (June to September) of 2010 to 2017. Cloud water samples were
classified by their smoke influence based on meteorological conditions and
satellite-detected smoke. Three case samples were examined in detail by a
series of chromatography and spectroscopy measurements to determine
chemical composition and the extent to which smoke has been incorporated
into cloud water. The samples explored here were influenced by forest fires in
Canada and the United States and contained anhydro-sugar markers related
to biomass burning. Absorption measurements detected light-absorbing
compounds, most likely due to be water-soluble organic carbon compounds,
in these samples. The measured size distribution of insoluble particles
suggested that not all components of the biomass burning particles (ranging
between 10 – 1000 nm in diameter) dissolve in cloud water. The collection of
these analytical measurements provides an examination of how nearby and
long-range transported smoke influence cloud water composition. This
process is particularly important in the context of increasing wildfires globally
with climate change.

Student Talk #3 (Materials Cluster)
Enhanced adhesion from interfacial reactions at polymer/polymer

interfaces studied with sum frequency generation vibrational
spectroscopy

John Andre, Bolin Li, Xiaoyun Chen, Rajesh Paradkar, Brian Walther, Chuang
Feng, Chris Tucker, Carol Mohler, Zhan Chen

Keywords: interfacial reactions, polymer interfaces, multi-layer films, molecular
spectroscopy
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Controlling and optimizing adhesion between materials at interfaces is
important for many industrial applications. To guide the design of optimal
adhesives, it is necessary to understand molecular mechanisms of adhesion.
Although many advances have been made, the molecular basis of adhesion is
not well understood in complex polymer systems. Studying these buried
interfaces has been very difficult without debonding the interface and
altering the relevant molecular structures and interactions that influence
adhesion. Sum frequency generation (SFG) vibrational spectroscopy is a
powerful tool that can be used to determine molecular structures at buried
polymer/polymer interfaces related to adhesion and is an in-situ method with
sub-monolayer selectivity. In this research, the interfacial chemical reactions
between a maleic anhydride (MAH) grafted ethylene-octene co-polymer
(MAHgEO) and two polymer films (nylon and poly(ethylene vinyl alcohol)
(EVOH)) were characterized at buried interfaces with SFG. Significant
reductions of EVOH and nylon SFG signals and increases in the apparent
signals from the reaction products were observed in the SFG spectra,
indicating that interfacial covalent bonds form between MAHgEO and the
polymer films, similar to those observed in the bulk. The interfacial reactions
occurring at the EVOH/MAHgEO and nylon/MAHgEO interfaces are
consistent with stronger adhesion between the polymers at these interfaces.
This research further underscores that SFG is a powerful tool for studying
adhesive interfaces to understand molecular adhesion mechanisms and
provides important insight on reactions at polymer/polymer interfaces related
to adhesive properties and applications.

Student Talk #4 (Chemical Biology Cluster)
Single protein-chain fluorescent reporter for opioid detection

Kayla E. Kroning and Wenjing Wang
Keywords: Opioid, cpGFP, drug screening

Endogenous opioid peptides are responsible for regulating the neuronal
pathways involved in pain-modulation, reward, and respiration. Synthetic
opioids have been developed to bind to opioid receptors, thereby mimicking
the pain-reducing effects of endogenous opioid peptides. Synthetic opioids
are effective in reducing pain but can also cause addiction, tolerance, and
respiratory depression. These side-effects have resulted in the Opioid
Epidemic, resulting in the death of tens of thousands of individuals per year.
Consequently, it is imperative to develop new, safer pain-modulating
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medications that can reduce pain without causing lethal side-effects. To aid
in this process, a novel high-throughput drug screening platform called
SPOTIT has been developed. Using a novel mechanism based on the
fluorophore maturation of circular permuted green fluorescent protein,
SPOTIT can be used to screen a large library of compounds active towards
opioid receptors with low costs, effort, and time.

Student Talk #5 (Chemical Education Cluster)
Designing for equity: An iterative and collaborative approach to

developing a culturally relevant chemistry unit
J. L. Spencer, D. N. Maxwell, K. R. Sikuaq Erickson, D. Wall, L. Nicholas-Figueroa,

K. A. Pratt, and G. V. Shultz
Keywords: First-Year Undergraduate/General, Second-Year Undergraduate,

Analytical Chemistry, Environmental Chemistry, Curriculum, Non-Majority Students
in Chemistry, Nonmajor Courses, Undergraduate Research

To promote non-majority student engagement in the sciences, it is important
to develop classroom practices that incorporate students’ diverse cultural
values. However, chemistry education provides few examples of classroom
practices that affirm students’ cultural values. This project details a
collaboration between Iḷisaġvik College, a tribal college in Utqiaġvik, Alaska,
and the University of Michigan, to learn more about how culture and context
influence the design and implementation of culturally relevant curricular
materials for introductory chemistry. The warming Arctic affects the
traditional Indigenous knowledge practices of Iñupiat residents, who have
lived in the region for over 10,000 years. The large presence of scientists
conducting research on the changing Arctic contributes to local and Native
Alaskan students’ understanding of western science alongside their
traditional knowledge systems. Throughout the process, we work with
community members, Elders, research scientists, Iḷisaġvik College professors,
and students to develop an environmental chemistry research project
focused on integrating local, cultural, and scientific resources to explore
Arctic snow processes. We used qualitative analysis of student and instructor
interviews and student artifacts to inform adaptation of the unit over three
semesters. This process yielded a detailed account of design considerations
that promote cultural value sets while teaching chemistry content. While
specific to Utqiaġvik, instructional considerations from this project have
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implications for the design of chemistry curricula that better serve
non-majority populations.

Student Talk #6 (Analytical Cluster)
Native Ion Mobility-Mass Spectrometry reveals the binding mechanisms

for anti-amyloid therapeutic antibodies
Yilin Han, Alec Desai, Peter Tessier, Brandon Ruotolo

Keywords: Anti-amyloid antibody, Aducanumab, Alzheimer's Disease, Ion
mobility-mass spec

Abstract withheld by author's request

Student Talk #7 (Physical Cluster)
Revealing the Full Spectrum of Electronic Interactions within

Fe(II)-Porphyrin
Alan E. Rask and Paul M. Zimmerman

Keywords: electronic structure, porphyrin, dispersion

The spin state of Fe porphyrin complexes plays an important role in enabling
specific reaction mechanisms within biological systems. While molecular
orbital diagrams can give initial descriptions of each spin state, mixed valence
character and charge transfer between the metal and macrocycle make it
difficult to precisely determine the ordering of the low-lying spin states.
Additional, numerous dispersive interactions throughout the complex further
tune the spin state energetics, making predictions difficult. The full range of
these effects can in principle be modeled with quantum chemistry, but the
standard approaches are quantitatively inaccurate and do not provide much
insight into the molecular origins of the spin manifold. In this presentation,
we use a powerful new quantum chemical approach to examine the full
spectrum of electron interactions in a model Fe(II) porphyrin complex,
delineating a range of large, medium, and small deviations from the standard
molecular orbital picture. Energetic differences between spin states are
confirmed to arise primarily from charge transfer amongst Fe d orbitals,
nitrogen lone pairs, and macrocycle orbitals, but numerous small dispersionπ
interactions are also shown to be essential in stabilizing each spin state. This
detailed analysis will thoroughly illustrate the extent of electronic interactions
within metal porphyrins while providing mechanistic studies a guide for
investigating distinct spin states for complex bonding environments.
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Student Talk #8 (Chemical Biology Cluster)
Developing molecular tools to detect protein-protein interactions with

spatiotemporal resolution
Guanwei Zhou and Wenjing Wang

Keywords: Protein engineering, protein interaction, molecular tools
Abstract withheld by author's request

Student Talk #9 (Inorganic Cluster)
Using JPP for In-Situ Identification of Ni Bidentate Phosphine Complexes

Matthew D. Hannigan, Anne J. McNeil, Paul M. Zimmerman
Keywords  : Coordination chem, catalysis, NMR spectroscopy, Ni chemistry

Ni bidentate phosphine complexes are widely used as catalysts for C–C and
C–N bond forming reactions, such as those used to make pharmaceuticals
and agrochemicals. Despite their use, identifying intermediates of reactions
catalyzed by Ni bidentate phosphines can be challenging due to their high
activity and sensitivity toward air and moisture. Many Ni bidentate
phosphines are diamagnetic and can be analyzed in-situ via 31P NMR
spectroscopy, but properties, such as oxidation state of Ni, can be difficult to
determine using 31P chemical shift analysis alone. Since oxidation state of Ni is
a key structural feature that determines reactivity, the inability to assign
oxidation state via NMR is detrimental to understanding reactivity. The
J-coupling between P atoms, JPP, has been proposed to correlate with Ni
oxidation state, but few investigations have looked at the effects of
parameters such as length of the linker or identity of the phosphine or trans
ligands on the values of JPP. The present investigation into the JPP of Ni
bidentate phosphine complexes with 2-carbon and 3-carbon linkers shows
that the JPP observed in 31P NMR spectra, |JPP|, can be a competent indicator of
oxidation state at Ni. Additionally, the Lewis acidity of the Ni and Lewis
basicity of the phosphine affect the values of JPP predictably, with structural
changes that induce more P-to-Ni donation such as more donating
phosphines or more withdrawing trans ligands causing more negative JPP.
These results should enable in-situ identification of species in reactions
containing Ni bidentate phosphines, enabling facile structural elucidation of
catalyst traps and off-cycle intermediates in catalysis.
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Poster Session #1 (11:30 AM - 12:30 PM)

Analytical Cluster
Analytical Cluster Poster #101

Chemical Characterization of Wintertime Aerosols in Ann Arbor using
Single-Particle Mass Spectrometry

Andrew L. Holen, Ryan D. Cook, Matthew J. Gunsch, Nathaniel W. May,
Kathryn R. Kolesar, and Kerri A. Pratt

Keywords: Aerosols, Wintertime, Mass Spectrometry

Episodes of elevated particulate matter (PM2.5) affect the air quality of cities
around the United States, specifically during the wintertime when the
atmospheric boundary layer is lower and temperatures are colder.
Characterization of the chemical composition of PM2.5 and its precursor gases,
in conjunction with meteorology data, is essential to better understand these
pollution episodes and to develop appropriate mitigation strategies. Previous
studies in Salt Lake City, UT and Riverside, CA have found that ammonium
nitrate dominates aerosol mass during wintertime pollution events with
elevated PM2.5. In order to better understand the chemical composition of
these episodes and the role secondary aerosols play, a field campaign was
conducted in Ann Arbor, Michigan from Feb. 4 – Mar. 8, 2016. An aerosol
time-of-flight mass spectrometer (ATOFMS) measured the size and chemical
composition of individual particles. In addition, online measurements of
particulate inorganic ion concentrations were obtained using an ambient ion
monitor – ion chromatography (AIM-IC) system. These measurements allowed
for quantitative identification of individual sources, including residential wood
burning and vehicle emissions, as well as chemical transformation of particles
during pollution events. These results lead to an improved understanding of
wintertime aerosol chemistry and air quality in mid-latitude urban
environments.

Analytical Cluster Poster #102
Field observation evidence of individual particle heterogeneity affecting

ClNO2 production
Kathryn D. Kulju, Qianjie Chen, Jessica A. Mirrielees, James Brunemann,

Rachel M. Kirpes, Nurun Nahar Lata, Swarup China, and Kerri A. Pratt
Keywords: atmospheric chemistry, mass spectrometry, numerical modeling
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ClNO2 is formed at night in the atmosphere and photolyzes in the morning to
produce NO2, which drives O3 formation with air quality impacts. Additionally,
upon photolysis, ClNO2 produces chlorine radicals, which are highly reactive
toward certain volatile organic compounds, including the greenhouse gas
methane. Although ClNO2 has important effects on atmospheric
composition, the traditional method for simulating ClNO2 production in air
quality models assumes a homogeneous distribution of chloride across the
entire aerosol population. This traditional method, called the bulk
parameterization, overestimates ClNO2 production when applied to
field-based measurements. Here, we apply a single particle parametrization
previously developed and applied to an inland environment (Kalamazoo, MI)
to coastal measurements conducted in Boothbay, ME. Even in cases when
the majority of the aerosol population comes from sea spray, chloride is not
homogenously distributed, and our results show that weighting ClNO2

production by aerosol surface area drastically lowers the overestimations of
ClNO2 abundance that result from the traditional bulk parameterization. This
further shows that this new single-particle method has the potential to
significantly improve air quality modeling.

Analytical Cluster Poster #103
Collision Induced Unfolding of Alpha-Synuclein via Cyclic Ion

Mobility-Mass Spectrometry
Devin M. Makey and Brandon T. Ruotolo

Keywords: alpha-synuclein, parkinson’s disease, cyclic ion mobility, mass
spectrometry

Abstract withheld by author's request

Analytical Cluster Poster #104
In-droplet biology for directed evolution experiments

Bridget Murray, Emory Payne, and Robert Kennedy
Keywords: droplets, microfluidics, directed evolution, mass spectrometry

Directed evolution is a powerful methodology that allows the researcher to
alter the performance of an enzyme through random mutation and
subsequent selection for high activity variants. The selection process is critical
but time-consuming - reducing the time associated with this process
presents an interesting analytical challenge. Microfluidics coupled with mass
spectrometry (MS) is a technology well-suited to address this challenge, as
microfluidics reduces cost and increases analysis rate relative to traditional
screening techniques and mass spectrometry offers a label-free detection
method. The work presented describes an important stride towards
implementing microfluidics and MS as a screening strategy: establishing a

15



method for performing biological steps, such as addition of an induction or
lysis agent, on the microfluidic device.

Analytical Cluster Poster #105
Improving Compound Class Identification of Dialysate for Untargeted

Metabolomics of the Brain
Joseph Naese, Brady Anderson, and Robert Kennedy

Keywords: metabolomics, LC-MS, compound class identification
Abstract withheld by author's request

Analytical Cluster Poster #106
Characterization of Multi-Lipid Nanodisc Composition by LC-MS/MS

Marina C. Sarcinella, Joshua D. Jones, Matthew J. Sorensen, Robert T. Kennedy,
and Ryan C. Bailey

Keywords: Membrane Proteins, Lipids, Nanodiscs, LC-MS/MS

Membrane proteins (MPs) are essential for many biological processes which
has led to their importance as therapeutic targets.  Consequently,
methodologies to interrogate MPs in their native state are vital. Nanodiscs
(NDs) have emerged as a membrane mimetic system to study MPs in vitro,
since they provide a native-like environment that aids in solubilizing the
protein while retaining its native structure. NDs are composed of a discoidal
phospholipid bilayer encircled by a membrane scaffold protein (MSP) belt
and are formed via self-assembly once detergent is removed from solubilized
components. NDs have been used to effectively incorporate a single purified
MP, or MPs from whole cell lysate and have had success across a wide range
of MP classes.

To date, most studies utilizing NDs focus on single lipid systems, primarily
phosphatidylcholines. While phosphatidylcholines do make up the majority
of lipids in mammalian cell membranes, it is becoming increasingly evident
that the presence of other lipid species regulates MP localization, structure,
and activity. Because of this, the improved development and characterization
of multi-lipid NDs are essential to study MPs in lipid environments that better
reflect the cell membrane. To accomplish this, we characterized the quality of
multi-lipid empty and MP-filled NDs through SEC and quantitative LC-MS/MS
to confirm the size and lipid ratio, respectively. Additionally, we utilized this
method to determine the ratio of lipids to MSP in the ND samples to further
aid in the optimization of ND assembly conditions. This work will advance the
characterization of MPs in more native-like environments.
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Chemical Biology Cluster
Chemical Biology Cluster Poster #107

Activating Power of Phosphopantetheine Arm
Sarah Ackenhusen, Ye Wang, Stephanie Chun, and Alison Narayan
Keywords: plp-dependent enzymes, phosphopantetheine, biocatalysis

PLP-dependent enzymes are attractive candidates for biocatalysis due to
their ability to act on amine-containing, readily available substrates from the
chiral pool, such as amino acids. Although many classes of PLP-dependent
enzymes are routinely employed in synthesis, some families remain
underutilized due to limitations in practical scalability. For example, many
require prohibitively expensive substrates such as stoichiometric amounts of
coenzyme A-bound substrates. To address this challenge, we have
investigated the mechanism of action of coenzyme A in gating catalysis of
one α-oxoamine synthase, SxtA AOS. Through investigation of the reactivity of
SxtA AOS with panels of substrates and in the presence of various coenzyme
A mimics as well as monitoring PLP absorbances and the behavior of SxtA
AOS variants, we have determined that activity is gated through the binding
of the eastern phosphodiester group by the residue Arg142 that is located in a
tunnel that leads to the active site. To circumvent this gating mechanism, a
synthetic CoA mimic additive was designed that allows for enhanced
reactivity with non-CoA substrates. These findings outline a strategy for
employing AOS enzymes without the need for cost-prohibitive coenzyme A
substrates.

Chemical Biology Cluster Poster #108
Investigations into the structure and function of parallel aerobic and

anaerobic chlorophyll biosynthetic cyclase’s
David G Boggs and Jennifer Bridwell-Rabb

Keywords: Chlorophyll, Cyclase, Crystallography

Chlorophyll, the most abundant pigment of life, is essential for
photosynthesis. It is the foundation of energy harvesting leading to biomass
and green-fuels1, 2. All photosynthetically active chlorophyll molecules
showcase a distinctive fifth ring3, 4. This ring is formed by an O2-dependent
enzyme (AcsF) in aerobic and microoxic organisms that experience varying
levels of O2 availability. AcsF homologs have been classified into three classes,
based on predicted necessity of a partner protein5. The protein has also been
found in light-harvesting chlorosomes in some organisms, expanding the
complexity of this fundamental protein6. However, even though this
transformation has been known for many decades, the mechanism of
cyclization has never been determined. Recent studies have identified an
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electron donor for two homologs and have confirmed predicted reaction
intermediates7. Our current studies seek to elucidate the mechanism of
cyclization and solve the structure of the aerobic cyclase AcsF. In addition to
in vitro analysis, we have adapted an in vivo expression system to analyze
essential residues in these enzymes. Herein, we showcase preliminary results
towards a full molecular understanding of this essential cyclization reactions.

Chemical Biology Cluster Poster #109
Role of viperin in regulation of cholesterol biosynthesis

Srijoni Majhi
Keywords: Viperin, cholesterol biosynthesis, Radical SAM, Squalene monooxygenase

and lanosterol synthase
Many enzymatic reactions proceed through mechanisms involving free
radical intermediates. By harnessing the reactivity of the unpaired electron,
such enzymes can make chemically challenging reactions possible. The
radical S-adenosylmethionine (SAM) superfamily is one of the more recently
recognized classes of radical enzymes that use SAM as a cofactor to generate
the reactive 5’-deoxyadenosyl radical (5’dAdo•). Viperin (Virus Inhibitory
Protein; Endoplasmic Reticulumassociated, INterferon inducible) is a recently
recognized human radical SAM enzyme involved in cellular antiviral response.
Similar to other radical SAM enzymes, viperin has the oxygen-sensitive [Fe-S]
cluster but its involvement in the mammalian antiviral response is what
makes it unique and interesting. Viperin’s central role in cellular antiviral
response can be attributed to viperin synthesizing the antiviral ribonucleotide
3’-deoxy-3’,4’-didehydrocytidine triphosphate (ddhCTP) from cytidine
triphosphate (CTP), inhibiting replication of some RNA viruses by acting as a
viral polymerase chain terminator, and viperin’s numerous interactions with
cellular and viral proteins which activate immune signaling, down-regulating
metabolic pathways important for viral replication and ubiquitin-dependent
degradation of viral proteins. To get further insights to the broad-spectrum of
antiviral activity associated with its expression, the Marsh lab has previously
analyzed the interactome of viperin through a mass-spectrometry-based
proteomic analysis. This study found that various cholesterol biosynthetic
enzymes are the most enriched proteins within this interactome, with
lanosterol synthase (LS) and squalene monooxygenase (SM) being the top
two hits in the screening. These two enzymes catalyze the key steps
establishing the sterol carbon skeleton. Recent studies in the Marsh lab have
been directed towards understanding the regulatory effect on cholesterol
biosynthesis that viperin may exert through its interactions with these
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enzymes. Viperin and most of the cholesterol biosynthetic enzymes are
ER-membrane bound proteins and further insights into the mechanism by
which viperin regulates cholesterol biosynthesis would be valuable to
understand viperin’s broad antiviral properties. Therefore, ongoing research
will focus on characterizing viperin’s interactions with SM and LS. The Marsh
lab has recently shown through co-immunoprecipitation experiments that
viperin co-precipitates SM and LS when co-expressed individually as well as
when the three enzymes are co-expressed together in HEK293T cells. Our
hypothesis being that viperin regulates cholesterol biosynthesis, we are
interested in understanding the mechanism by which the protein may do so.
My aim is to study how SM and LS are regulated by viperin by reconstituting a
similar system, as done for in vivo studies, using the purified proteins from
E.coli. This will help us to focus on the respective enzyme systems and the
results established would be independent of any other proteins interacting
with SM and LS, implying that viperin is the only protein involved. Results
from this study will substantiate the role of viperin in regulating the
cholesterol biosynthesis that might explain the enzyme’s previously observed
effect of inhibiting influenza A and other enveloped viruses from cells.

Chemical Biology Cluster Poster #110
Development of Probes to Dissect Med25 PPI Networks

Estefania Martinez Valdivia, Olivia Pattelli, Matthew Beyersdorf, Ashootosh
Tripathi, David H. Sherman, Tomasz Cierpicki, and Anna K. Mapp

Keywords: Protein-Protein Interactions, chemical probe, transcriptional activation,
natural product

Defects in transcriptional regulation are prominent in human disease.
Protein-protein interactions (PPIs) between transcriptional components
including activators and coactivators play a protagonist role in transcription
initiation, for example, and dysregulation of their PPI network can profoundly
alter gene expression. Activators bind to the genome to promote expression
at specific genes. Coactivators use their activator binding domains to
establish a bridge of communication between activators and the general
transcription machinery. Thus, coactivator•activator PPIs are potential targets
to modulate gene expression for mechanistic insight and therapeutic
development. Several lines of evidence demonstrate that coactivator Med25,
a subunit of Mediator, is a promising target for therapeutic intervention in
cancer, given that, through the complexes it forms with activators, it controls
genes involved in cell migration and differentiation. A critical need to
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establish the functional role of Med25•activator network in these processes, is
a synthetic molecule that selectively engages Med25 in vitro and in cells. The
focus of this work is the development of a chemical probe based on natural
product lipopeptide previously discovered by the Mapp and Sherman Labs,
and its use to uncover the functional role(s) of the Med25•activator network in
the context of triple-negative breast cancer. We examined the
structure-activity relationship of this inhibitor through the synthesis of various
structural analogs and their subsequent characterization with in vitro binding
assays and protein thermal shift assays. Additionally, the mode of binding of
potent and selective analogs was determined using 1H13C HSQC. We identified
lipopeptide residues important for binding Med25 and for the selective
disruption of Med25•activator PPIs, over other coactivator•activator
complexes. Together, the studies provide information of how structure is
related to inhibitory activity of this lipopeptide inhibitor. Additionally, they
inform the development of a chemical probe for the characterization of
dysregulated Med25•activator PPI networks in cancer.

Chemical Biology Cluster Poster #111
Single-molecule investigation of cooperativity within the glycine tandem

riboswitch
Rosa A. Romero, Dr. Adrien Chauvier, and Dr. Nils Walter

Keywords: Single-Molecule, Glycine Tandem Riboswitch

Riboswitches are genetic regulatory elements located in the 5’ untranslated
region of bacterial messenger RNAs (mRNAs). Riboswitches contains two
RNA domains that function in concert to regulate gene expression levels in
response to changing cellular conditions. Tandem riboswitches are
particularly interesting because they can have more sophisticated
mechanisms for gene regulation to respond to a broader range of conditions.
However, many of the mechanisms they utilize for gene regulation remain
unclear. The glycine tandem riboswitch was discovered in 2004 and was first
hypothesized to utilize a cooperative mechanism. However, in 2012 two
additional secondary structural motifs were discovered, a kink-turn and a
novel stem (P0), that formed upon the inclusion of a 5’ leader sequence
located upstream of the conventional glycine tandem start sequence. The
presence of these motifs eliminates the cooperative glycine binding behavior
previously observed. Based on what is known, I propose that the full-length
glycine riboswitch functions in a non-classical cooperative manner as a type
of OR logic gate to enhance co-transcriptional regulatory control. Using the
OFF glycine tandem riboswitch from the pathogenic Vibrio cholera
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bacterium, I will employ prism-based Total Internal Reflection Fluorescence
(TIRF) microscopy to probe the folding and switching kinetics of single RNA
molecules and test my hypothesis in both isolated RNA and paused
elongation complexes. I will utilize a Single-Molecule Kinetic Analysis of RNA
Transient Structure (SiM-KARTS) assay and Förster Resonance Energy Transfer
(FRET) to monitor switching from the anti-terminator to terminator structures
in the expression platform. Previous research only focused on the aptamer
domains and characterized ligand binding; however, it is critical to monitor
the expression platform simultaneously to fully understand how this system
regulates downstream gene expression in the cholera pathogen.

Chemical Biology Cluster Poster #112
Investigation of RNA 3D structure and small molecule interactions by a

multidisciplinary approach
Elizabeth D Tidwell, Anna Anders, Varun Gadkari, Brandon T Ruotolo, Aaron T

Frank, and Markos Koutmos
Keywords: RNA structure, Methods development, Mass spectrometry

Structured RNAs regulate many key processes in pathogens like bacteria and
viruses; yet RNA remains under-explored as a drug target. Visualizing the
structures and structural transitions of RNAs are an important cornerstone for
RNA therapeutic development. However, there is a paucity of structural and
dynamic RNA information and limited understanding of RNA interactions
with small molecules (SM). We are developing a pipeline that combines
automated and high-throughput analytical, structural, and synthetic biology
tools with molecular modeling and machine learning for rapid and
large-scale exploration of RNA structure and RNA:SM interactions. We
selected riboswitches to train our method beginning with the flavin
mononucleotide riboswitch (FMN-RS) due to the availability of
high-resolution structures with and without its cognate FMN substrate and
other previously identified ligands. We performed rigid body docking
simulations to identify and rank structurally distinct SM on their potential to
recapitulate the ligand interaction between FMN and FMN-RS. Then, we
optimized and altered two commonly used in vitro screening methods for
protein:SM interactions—ion mobility mass spectrometry (IM-MS) and
biolayer interferometry (BLI)—for use with RNA. We have successfully
optimized RNA sample preparation and data collection for IM-MS using
FMN-RS and mitochondrial tRNA leucine. Using collision induced unfolding,
we have determined the unfolding states of FMN-RS in the presence and
absence of ligand. Additionally, we have successfully used the Octet Red BLI
system to measure the FMN-RS interaction with SM. We obtained kinetic
binding information with identified ligands of FMN-RS and screened a subset
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of the predicted SM from our simulations. The results from each in vitro
experiment will be used to alter and improve the search criteria for the
simulations and illuminate properties of the SM:RNA interactions. Our
interdisciplinary methodology will be further optimized to streamline
identification of conformationally selective RNA SM binders and potentially
improve drug discovery.

Chemical Biology Cluster Poster #113
Structural and kinetic studies of a minimal protein-only RNase P

Catherine Wilhelm, Kipchumba Kaitany, Leena Mallik, and Markos Koutmos
Keywords: RNase P, tRNA processing

Abstract withheld by author's request

Chemical Biology Cluster Poster #114
Sequence Similarity Network based biocatalysts profiling

Di Yang, Suman Chakrabarty, Kendrick Smith, Jonathan Perkins, Evan
Romero, Tyler Doyon, and Alison Narayan

Keywords: biocatalysis, metalloenzyme
Abstract withheld by author's request

Chemical Education Cluster
Chemical Education Cluster Poster #115

Exploring the Influence of a Writing-to-Learn Assignment’s Rhetorical
Aspects on Second-Semester Organic Chemistry Students’ Responses

Ina Zaimi, Amber J. Dood, and Ginger V. Shultz
Keywords: Chemistry Education Research, Writing, Organic Chemistry, Second-Year

Undergraduate

Incorporating writing into science courses is changing, shifting from being
viewed as a practice (e.g., reports) or an assessment (e.g., shorter summaries,
longer papers, and free responses) to being viewed as a meaning-making
activity. Writing supports students’ learning, and Writing-to-Learn (WTL)
assignments have supported students’ learning of acids and bases,
nucleophiles and electrophiles, and thermodynamics and kinetics. However,
the inclusion of writing assignments does not guarantee the support of
learning. WTL assignments dictate rhetorical aspects, such as audience, role,
and form, because rhetorical aspects elicit explanations. Thus, our study
explores how the assignment’s rhetorical aspects shape the students’
responses. We created a WTL assignment where students compare a
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traditional Wittig reaction to an altered, base-free Wittig reaction. We
implemented the WTL assignment for four semesters. The content was
consistent, but the audience, role, and form were changed. We categorized
the students’ responses, from descriptions to explanations, and we
determined if the distribution changed. Our study suggests that the
rhetorical aspects can either constrain students’ responses into simple
descriptions or encourage students’ responses into sophisticated, elaborated
explanations. A WTL assignment’s rhetorical aspects have implications
beyond elicitation.

Inorganic Cluster
Inorganic Cluster Poster #116

Development of Synthetic Model Systems for Bacterial NO reductase
Jill Harland, Subhra Samanta, and Nicolai Lehnert

Keywords: Bioinorganic Model Complexes, Nitric Oxide, Spectroscopy

Bacterial NO Reductase (NorBC) is a membrane-bound enzyme found in
denitrifying bacteria that is involved in catalyzing the two-electron reduction
of NO to N2O and water. The mechanism under which NorBC operates is
highly debated, due to the fact that the protein is difficult to work with. There
are two proposed mechanistic pathways, involving the unique diiron heme
b3/non-heme FeB active site. In the FeIIIFeIII resting state, the heme b3 is ligated
by a proximal His, and the non-heme Fe center is coordinated by three His
residues and a Glu. Also, an oxo bridge connects the two metal centers,
making the Fe-Fe distance only 3.5 Å. Synthetic model systems provide the
opportunity to give insight into the mechanism of action of this enzyme. We
have developed a synthetic model system of NorBC, consisting of a
tetraphenylporphyrin-derivative clicked to a modified BMPA-Pr ligand. This
complex has been characterized by EPR, NMR and Uv-Vis spectroscopy.
Armed with this synthetic model, we investigated the systems interaction
with NO, and are examining some of the different factors that influence the
reaction mechanism.

Inorganic Cluster Poster #117
Activation of μ-CO ligands with Hydrogen Bond Donors and Lewis Acids

Andrew LaDuca
Keywords: Nitrogenases, Fischer-Tropsch chemistry, Small-molecule activation

In addition to reducing dinitrogen to ammonia, nitrogenases can couple and
reduce CO to form short chain alkanes (C2 and C3). However, the mechanism
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by which the key CO coupling reaction occurs is not known. X-ray
crystallographic and computational studies have provided snapshots of
potential intermediates, including a CO-trapped adduct (μ-CO-Fe2). One
unique structural feature of this adduct is the presence of a H-bonding
secondary sphere environment, which contains a distal imidazole residue
that resides in close proximity (H-bonding distance) to the μ-CO-Fe2.
H-bonding interactions to a metal-coordinated CO ligand are very
uncommon, thus, the role(s) that H-bonding serves to activate CO within the
enzyme are not clear. To broadly elucidate the effect(s) of the secondary
sphere groups on CO activation, and ultimately, the mechanism of CO
coupling, we are pursuing structure/function studies using modifiable
synthetic analogues. This presentation will outline our preliminary efforts to
explore the interactions of hydrogen bond donors and Lewis acids with
representative model complexes. 

Inorganic Cluster Poster #118
Covalent attachment of cobalt bis(benzenedithiolate) catalysts to

surfaces for hydrogen production
Virginia Larson and Nicolai Lehnert*

Keywords: Hydrogen, molecular catalyst, covalent attachment

Hydrogen is a promising renewable fuel and an industrially important gas.
Cobalt bis(benzenedithiolate) catalysts are adept at catalyzing proton
reduction to hydrogen. Attaching these molecular catalysts to a surface
combines the advantages of molecular catalysts with the advantages of
heterogeneous catalysis. Cobalt bis(benzenedithiolate) catalysts have been
physisorbed on to graphitic electrodes, but under catalytic conditions the
catalyst dissociates from the surface which limits the activity of this system.
To remedy this, we are interested in covalently attaching this catalyst to
graphitic surfaces. Through an appended amine, the catalyst can be attached
to graphene oxide by reacting with the epoxide groups on the surface, which
can be cast into thin films on various electrode surfaces and reduced to
restore conductivity. The synthesis of the benzenedithiol ligand with amine
functionality will be presented. Covalent attachment of this modified catalyst
to graphene oxide via the epoxide ring opening mechanism will be evaluated
for surface coverage and by electrochemical characterization. Electrocatalytic
hydrogen production will also be evaluated and compared to the physisorbed
system.
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Inorganic Cluster Poster #119
Selective Chloride-Mediated Neat Ethanol Oxidation to 1,1-Diethoxyethane

via an Electrochemically Generated Ethyl Hypochlorite Intermediate
Siqi Li and B.M. Bartlett

Keywords: ethanol oxidation, mediated oxidation, electrochemistry

Selective primary alcohol oxidation towards aldehyde products remains as a
key challenge due to the disadvantageous overoxidation to carboxylic acids.
Indirect alcohol oxidation carried out by redox mediators are usually utilized
to circumvent this problem. Chloride oxidation has been considered as a
promising reaction due to its facile kinetics as well as the generation of active
species that can oxidize the substrate. Here, by using simple alkylammonium
chloride electrolyte on a glassy carbon electrode, 1,1-diethoxyethane (DEE),
which could serve as a protective platform for acetaldehyde from
overoxidation, was prepared electrochemically with a high and stable current
density >15 mA/cm2 and a high faradaic efficiency > 95% in solvent-free
conditions. UV-vis spectroscopy reveals the generation of an ethyl
hypochlorite intermediate as the only chloride oxidation product, which will
decompose unimolecularly to release hydrochloric acid and acetaldehyde.
With the presence of acid, acetaldehyde undergoes nucleophilic attack from
the solvent and forms DEE. Tafel measurement reveals faster kinetics for the
Cl-mediated oxidation process compared to direct ethanol oxidation. This
indirect electrochemical oxidation mechanism enables a much lower
potential input and provides near quantitative selectivity towards the
value-added DEE product.

Inorganic Cluster Poster #120
Nitrate-Mediated Benzyl Alcohol Oxidation

Bradley D. Terry, John L. DiMeglio, Andrew G. Breuhaus-Alvarez, and John P.
Cousineau

Keywords: (Photo)electrochemistry, alcohol oxidation, catalysis

Alcohol oxidation to carbonyl compounds is a valuable chemical
transformation. Historically, toxic stoichiometric oxidants such as dichromate
and permanganate were used to carry out these reactions. Today, these
reactions are often carried out with nitroxyl radicals and azo compounds,
where the oxidant is prepared in situ. Working with underexplored nitrate
radical as an oxidant, our lab demonstrated cooperativity between cadmium
sulfide photocatalysts (CdS) and solution-phase nitrate anion toward selective
benzyl alcohol oxidation (PhCH2OH) in acetonitrile solution. On CdS,
metal-ligated nitrate salts mediate the electron transfer between alcohol

25



substrate and CdS (i.e., nitrate behaves as a homogenous cocatalyst through
the nitrate anion/nitrate radical couple). Subsequent work exploring nitrate
reactivity on bismuth(III) vanadate (BiVO4) photoelectrodes reveals
stoichiometric consumption of nitrate during benzyl alcohol oxidation.
Nitrate-assisted indirect benzyl alcohol oxidation was probed
electrochemically on platinum (Pt) electrodes to explain the differences in
reaction mechanism observed on CdS and BiVO4. Nitrate anion oxidation on
Pt accelerates the rate of benzyl alcohol oxidation, but also displayed
stoichiometric consumption of nitrate. UV-vis spectroscopy shows a buildup
of nitric acid in solution resulting from electrochemical nitrate oxidation (E >
1.5 V vs Fc+/0) that follows hydrogen-atom abstraction through a chemical step
with benzyl alcohol. With a suitable base (2,6-lutidine), nitrate anion was
successfully reintroduced to the catalytic cycle. Using rotating ring disk
electrochemistry, we identified proton-coupled oxygen reduction as a
mechanistic step in the reaction. This work supported the previously posited
hypothesis that oxygen reduction serves as both the redox counterpart and
as a base. On CdS photocatalysts, both half reactions occur collocal, allowing
the reduced oxidation species to serve as the base for nitric acid
deprotonation. (Photo)electrochemically, oxygen reduction occurs at the
distant counter electrode, resulting in stoichiometric nitrate consumption.

Materials Cluster
Materials Cluster Poster #121

Enhancing the Complexity of Metal-Organic Frameworks through
Postsynthetic Modification

D. R. Du Bois and A. J. Matzger
Keywords: Metal-Organic Frameworks, Postsynthetic Modification, Hierarchical

Structure, Microstructure

The spatial distribution of MOF functionalization reveals that postsynthetic
modification (PSM)-derived microstructures can range from uniform to
core–shell, affected by reagent reactivity and solvent choice. A suite of
isocyanate reagents with varying reactivity were employed to study the effect
of kinetics and experimental conditions on microstructure during PSM.
Exploiting the difference in reactivity between chloroacetyl isocyanate and
4-bromophenyl isocyanate, a one-pot PSM reaction produces a
dual-functionalized core–shell structure. Furthermore, a triple-functionalized
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Matryoshka structure is formed in a two-step PSM procedure using
trifluoroacetyl isocyanate followed by a self-sorting reaction with chloroacetyl
isocyanate and 4-bromophenyl isocyanate, demonstrating that a better
understanding of the dynamics of PSM can support the design of MOFs with
increasingly sophisticated architectures

Materials Cluster Poster #122
Borazine Masked Fluoroalkyl Synthons for the Synthesis of Fluorinated

Epoxides and Subsequent Transformations
Wei Sun, Shuo Guo, and Nathaniel K. Szymczak*

Keywords: fluoroalkylation, epoxide, Lewis acid, borazine
Abstract withheld by author's request

Organic Cluster
Organic Cluster Poster #123

Exploration of Energy Transfer Photocatalysis in the Synthesis of Highly
Substituted Tetrahydrofurans

Dominique Blackmun, Emily Wearing, Marc Becker, and Corinna Schindler
Keywords: Energy Transfer, Tetrahydrofuran, [2+2] Cycloadditions, Photochemistry

Abstract withheld by author's request

Organic Cluster Poster #124
Biocatalytic radical reactions as a means for accessing α-tetrasubstituted

amino acids
Sarah Champagne and Alison Narayan*

Keywords: biocatalysis, amino acids, radical methods

α-Tetrasubstituted amino acids are important molecules used in the
preparation of pharmaceutical agents and small peptide research in addition
to being a prevalent motif in bioactive natural products; however, synthetic
access to these compounds is generally lengthy and requires protection of
the reactive amino group as well as side chain functionalities. The ideal
synthesis of these compounds would be the direct modification of amino
acids as they are readily available and are synthesized in an environmentally
friendly manner. Toward this goal, we have employed PLP-dependent
enzymes for the direct α-alkylation of amino acids. Whereas, nature has
designed two-electron pathways involving PLP-dependent enzymes, we
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envisioned pairing these enzymes with an external one-electron oxidant to
access a radical catalytic cycle. Strategically, the configuration of the newly
generated stereocenter at the α-position could be influenced by the active
site. These methods are environmentally friendly as the major solvent is water
and enzymes can be efficiently and economically produced in E. coli. Toward
realizing this transformation, oxidants and substrates have been evaluated
with our PLP-dependent enzyme library consisting of 110 unique wild-type
enzymes. Several enzymes have been identified which in the presence of
ammonium iron (III) citrate as the one-electron oxidant mediate the desired
transformation. These proof-of-concept results show that the envisioned
catalytic cycle is possible. These methods will continue to be developed
through optimization and substrate scope investigation. Gratifyingly, this
class of transformation will allow for direct modification of the α-position of
amino acids and derivatives thereof in one step without the need for
protecting groups in an environmentally friendly way.

Organic Cluster Poster #125
A multienzyme cascade enabling a sustainable route to (–)-colchicine.
José R. Hernández-Meléndez, Jonathan C. Perkins, Tyler Doyon, and Alison

Narayan
Keywords: Biocatalysis, tropolones, synthesis

Tropolone scaffolds are containing with a subset of alkaloid natural products,
one of them being the tubulin inhibitor colchicine. This FDA approved drug
for the treatment of gout and familial Mediterranean fever has proven to be
useful for centuries, however the complex structure of colchicine, including
the aromatic-seven membered ring, and the puzzling biosynthetic pathway
limit the sustainability of its large-scale production. Nevertheless, drawing
inspiration from other biosynthetic pathways can provide essential tools for
overcoming these obstacles. Toward achieving an efficient and sustainable
synthesis of colchicine, we have developed an efficient two-enzyme cascade
useful for the synthesis of tropolones in a streamlined manner, where the
flavin monooxygenase TropB catalyzes a site- and stereoselective oxidative
dearomatization of resorcinol compounds followed by a ring expansion
mediated by the a-ketoglutarate dependent non-heme iron (II) enzyme XenC.
We hypothesize that by harnessing this biocatalytic sequence and the
substrate promiscuity of these enzymes, we can reach the tropolone core
efficiently, bypassing synthetic limitations for the construction of the
tropolone C-ring of colchicine. Various phenolic substrates were explored in

28



this two-enzyme sequence to deliver tropolones suitably functionalized for
further elaboration to colchicine. We found that
5-bromo-2-methyl-4-nitrobenzene-1,3-diol was the best candidate, providing
various handles for overcoming synthetic obstacles on route to colchicine and
an efficient solution for the tropolone ring construction of this highly valuable
natural product. This novel approach could drive the opportunity for
accessing other biologically and structurally challenging
tropolone-containing alkaloids through sustainable synthetic routes.

Organic Cluster Poster #126
Electrochemical Activation of Sulfur(VI) Hexafluoride for the Synthesis of

Glycosyl Fluorides
Sungjin Kim and Pavel Nagorny

Keywords: Electrocatalysis, Carbohydrate Chemistry, Radical Chemistry

This study describes a new method for the synthesis of glycosyl fluorides
using electrochemical activation of sulfur(VI) hexafluoride as an inexpensive
and safe fluorinating agent. The low price of Sn and Zn electrodes (~50 cent
per electrode) and their recyclability offers great cost efficiency, and the short
reaction time (1 hour) with high yields of product shows the practicality. This
mild method was employed to generate 17 different glycosyl fluorides,
including the substrates with acid and base labile functionalities, in yields of
73%−98%.

Organic Cluster Poster #127
1- and  2-Azetines via Visible Light-Mediated [2+2]-Cycloadditions

Emily R. Wearing, Dominique E. Blackmun, Marc R. Becker, and Corinna S.
Schindler

Keywords: photocatalysis, energy transfer photocatalysis, N-heterocycles, Azetines,
four-membered rings

Abstract withheld by author's request
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Physical Cluster
Physical Cluster Poster #128

Developing Modular Polyacrylic Adhesives for Selective Remediation of
Microplastics

Timothy ME Jugovic and Paul Zimmerman
Keywords: microplastics, adhesives, GPU acceleration

Microplastics (MPs) are a large category of pollutants generated from the
breakdown of dozens of chemically distinct polymers. Existing waste filtration
is 95% effective at separating MPs from waste water,1 but it produces a
homogenous mixture of dozens of plastics. Due to the inability to separate
and recycle these plastics, they return to the ecosystem through landfills and
agricultural soils. Separation techniques utilizing adhesives to bind MPs could
present a solution to this problem, however finding the correct adhesive
requires significant testing. To provide insight into this problem, we
developed a computational method to analyze polyacrylic-derived adhesive
copolymers and evaluate their binding affinity to various MPs. By varying the
copolymer composition, we can predict the best adhesives for extraction of
specific microplastics. In this talk, I will suggest specific co-polymers that
could generally improve adhesive ability to MPs such as 3-pyridine modified
acrylate. Collaborations with the McNeil group will provide verification that
the predicted adhesive properties are useful towards design of MP capturing
materials.

Physical Cluster Poster #129
Adsorption Behavior and Molecular Interactions of Proteins on Silicone Oil

Surfaces
Tieyi Lu, Wen Guo, and Zhan Chen

Keywords: SFG, protein adsorption, protein orientation, silicone oil-water interface,
aggregation, adsorption dynamic

We applied a nonlinear optical spectroscopy, sum frequency generation (SFG)
vibrational spectroscopy to study the adsorption behavior and molecular
interaction of bovine serum albumin (BSA) and fibrinogen at silicone
oil-water interfaces in situ. Silicone oil is widely used as a lubricant material in
pharmaceutical industry and research, but it can cause protein adsorption
and then induce protein aggregation and denaturation. To understand the
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protein-silicone oil interaction, BSA and fibrinogen were chosen as the model
proteins in this study. By using SFG, we successfully deduced the orientation
of adsorbed BSA and found that BSA dimer is playing an important role
during this fouling process. We could also monitor the interfacial interactions
between dithiothreitol (DTT) and BSA dimer adsorbed on silicone oil. It was
found that the silicone oil surface was covered by a mixture of BSA dimer and
BSA monomer with a ratio of 50:50 after the DTT treatment. The final
deduced BSA orientation can be explained by the solvent accessible surface
area of glutamic acid (E) and lysine (K) on BSA. In addition to BSA study, we
also investigated the adsorption behavior of fibrinogen on silicone oil. The
adsorption kinetics was monitored using SFG in situ in real time. SFG results
elucidated the orientation change of fibrinogen during each adsorption
stage. This research demonstrated that SFG is a unique and powerful tool for
probing the interfacial protein behavior in situ at buried interfaces.

Physical Cluster Poster #130
Alkynyl dicobalt hexacarbonyl complexes as a platform for investigating

vibrational coherence transfer phenomena
Joseph H. Meadows and Kevin J. Kubarych

Keywords: ultrafast spectroscopy, organometallics, coherence transfer, cobalt
carbonyls

For much of the last two decades, vibrational coherence transfer has stood as
a notable exception to Redfield theory’s secular approximation. By studying
vibrational coherence transfer in alkynyl dicobalt hexacarbonyl complexes
with two-dimensional infrared spectroscopy, we can further uncover the
relationship between molecular structure and non-secular vibrational
dynamics.

Physical Cluster Poster #131
Structure - Function Relationship in Perylene Diimide Derivatives

Illustrating Intramolecular Singlet Exciton Fission
Angelar K. Muthike and Theodore Goodson III

Keywords: Intramolecular Singlet Exciton Fission, Perylene Diimide, Organic
Photovoltaics

Intramolecular singlet exciton fission (iSEF), a spin-allowed process that leads
to the production of two spin-correlated triplet pairs for each photogenerated
singlet photon in the same molecule, can reduce thermal losses and
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therefore enhance the efficiency of organic photovoltaics. The mechanism
and dynamics of this process are not well understood in perylene diimide
(PDI) derivatives which are mostly used as electron acceptors in non-fullerene
photovoltaic devices. Here, we use steady state, time-resolved and nonlinear
optical spectroscopy to investigate the role of linker flexibility as well as the
point of attachment of this linker to the acceptor units in PDI trimer and
tetramer systems. For the trimers, the connections between the
benzodithiophene (BDT) donor and the PDI acceptor moieties were realized
via single bonds in the β trimer, and through ring fusion in the βC trimer. For
the PDI tetramers, the connections between the BDT core and the four PDI
units were realized via single bonds through the a and b position of the PDI
units. From our quantum chemical calculations, the optimized geometries
show that the β trimer has a twisted and conformationally flexible structure
while the βC trimer achieves a planar and rigid structure. On the other hand,
the PDI units are almost perpendicular to the central core in the case of
tetramer while the attachment position in the tetramer results in PDI units
that co-facially pair off, with strong π−π stacking between two adjacent PDIs.
Interestingly, nonlinear experiments show a fast (320 ps) and highly efficient
(170%) iSEF in the twisted β trimer, and strong intramolecular charge transfer
which outcompetes iSEF for the planar βC trimer (16%). For the PDI tetramers,
triplet quantum yields of 124% and 17% for and compounds, respectively. We
propose that the formation of the double triplet (1[TT]) state in is through a
contribution of particular charge transfer states while the strong π−π co-facial
interactions between two PDI units in lead to the formation of excimers,
which trap the singlet excitons inhibiting iSEF. Therefore, we demonstrate
that the conformational flexibility of the linker itself is necessary but not
sufficient to allow iSEF. The core attachment position is also crucial in
activating iSEF.
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Poster Session #2 (12:30 PM - 1:30 PM)

Analytical Cluster
Analytical Cluster Poster #201

Western blots by capillary electrophoresis interfaced to membrane via
inkjet

Peter-Philip M. Booth and Robert T. Kennedy
Keywords: capillary electrophoresis, proteins, islet, Western blot

Western blotting is a powerful technique that allows us to separate proteins
by size and then probe specific proteins. Because proteins have to pass tests
for both size and affinity we can identify proteins of interest in complex
mixtures as well as some modifications to them, such as phosphorylation
status or the formation of multimers. Along with the specificity, the method is
semi-quantitative and has good sensitivity, with the potential to detect
proteins at least to the low nanogram level. Together, these factors make
Western blotting one of the most widely used techniques in the biosciences.
Unfortunately, the method also requires relatively large sample and reagent
amounts as well as a long and laborious process. Here, we use capillary gel
electrophoresis coupled with inkjet deposition to separate protein samples
and capture the separation on a moving membrane before performing a
downstream immunoassay in what we call a CEI-Western.

Analytical Cluster Poster #202 - POSTER WITHDRAWN
Free Radical Initiated Peptide Sequencing of Cyclic Peptides

James Brunemann, Eunju Jang, and Kristina Hakansson
Keywords: Mass Spectrometry, Gas Phase Chemistry, Biomolecular Analysis

Cyclic peptides are members of a class of natural products known as
ribosomally synthesized and post-translationally modified peptides (RiPPs).
Due to their unique properties, including increased target affinity compared
with their linear counterparts, these molecules have attracted great interest
as novel drug candidates with over 40 cyclic peptides currently in clinical use.
Tandem mass spectrometry (MS/MS) is a powerful tool for the structural
elucidation of biomolecules due to its low sample requirements and high
selectivity. Collision induced dissociation (CID) is the most common MS
activation technique used to characterize biomolecules, however, the
characteristically low fragmentation efficiency of cyclic peptides under CID
conditions acts as a bottleneck for the discovery of new cyclic peptides.
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To aid in the characterization and discovery of cyclic peptides, free radical
initiated peptide sequencing (FRIPS) is being applied to model analytes.
FRIPS is a radical-driven approach for the elucidation of peptide structure
and relies on the homolytic cleavage of a 2,2,6,6-tetramethylpiperidine-1-oxy
(TEMPO)-based molecular tag. Utilizing an Orbitrap Fusion Lumos tribrid
mass spectrometer (Thermo Scientific), MS/MS studies are performed to
generate structurally diagnostic fragment ions.

Preliminary data collected in negative ion mode for the model cyclic peptides
somatostatin and gramicidin s demonstrated successful attachment of the
TEMPO tag as well as generation of the truncated radical species.
Furthermore, results suggest preferential cleavage of the disulfide bond in
somatostatin. These results demonstrate the potential of FRIPS as a
technique to characterize cyclic peptides and aid in novel drug discovery.

Analytical Cluster Poster #203 - POSTER WITHDRAWN
Single-molecule Fluorescence Imaging of Vibrio Cholerae in Real Time

through Microfluidics
Anna L. Calkins and Julie S. Biteen

Keywords: single-molecule imaging, microfluidics, fluorescence

Cholera is a diarrheal disease caused by the Gram-negative bacterium Vibrio
cholerae. To reach the surface of intestinal epithelial cells, proliferate, and
cause disease, V. cholerae tightly regulates the production of virulence factors
such as cholera toxin and the toxin co-regulated pilus (tcpA-F). The
membrane-localized proteins TcpP and ToxR have been shown to play a role
in this regulation pathway; however, the precise mechanism remains unclear.
Recently, we have used single-molecule imaging and tracking to shed a light
on the interaction of TcpP and ToxR with the toxT promoter. However, due to
cell preparation limitations, this system has only been analyzed under
steady-state conditions. Microfluidic devices are an excellent solution to this
limitation. I fabricated a chip featuring a series of 1.5-μm partially blocked
channels to hold bacterial cells connected to two orthogonal 40-μm channels
for solution injection. The design of the chip allows media flow to access the
cells while holding the cells stationary for super-resolution imaging. This
combination of microfluidic and single-molecule fluorescence techniques
enables us to observe the real-time response of the toxin expression pathway
to environmental changes by monitoring quorum sensing in response to bile
salts, stress from changes in pH, and dimerization of membrane proteins.
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Analytical Cluster Poster #204
Study of Isotope Labeled Peptides and Proteins using Sum Frequency

Generation Vibrational Spectroscopy
Wen Guo, Tieyi Lu, Tao Wei, and Zhan Chen

Keywords: SFG, isotope-labeling, peptides and proteins, one-exciton Hamiltonian
approach

Sum frequency generation (SFG) vibrational spectroscopy is a powerful tool to
probe the interfacial structures of peptides and proteins with sub-monolayer
sensitivity. From the peak center frequency and line shape of SFG spectra, the
secondary structures of interfacial peptides and proteins can be determined.
Also information regarding the solvent environments of the peptide/protein
backbone vibrations can be obtained. In addition, polarized SFG spectra can
provide orientation information of peptides and proteins at interfaces.
However, such information is related to the global structure of the
protein/peptide. For a complex protein, it is difficult to probe many details of
the structure with limited measured parameters Isotope-labeling method
breaks the coupling between individual amide vibration of peptide/protein
and changes the SFG spectral features accordingly, which gives rise to
site-specific structural information. Therefore, the combination of SFG
measurement and isotope-labeling method can achieve residue-by-residue
resolution of the studied interfacial peptide/protein, providing detailed
structural information of peptides and proteins at interfaces. We successfully
applied SFG and isotope labeling method to study cell membrane associated
tachyplesin I and protein GB1 on polymer.

Analytical Cluster Poster #205
Automated Peak Detection for High Throughput Collision Induced

Unfolding Data Analysis
Chae Kyung Jeon, Victoria Tran, and Brandon T. Ruotolo

Keywords: automated data processing, software development

Ion mobility-mass spectrometry (IM-MS) is a technology increasingly
deployed as part of a broader toolbox for structural biology. With the
development of collision-induced unfolding (CIU), analyses of proteins closely
related in terms of their 3D structure have been accessible by accessing their
unfolding pathways. With recent improvements in the sensitivity and
throughput of CIU experiments, bioinformatics tools that can keep up with
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the rapidity of CIU assays are necessary. Our lab has recently developed
CIUSuite 2, a software package that features many automated data analyses
functions, including the batch processing of CIU fingerprints and the
generation of machine learning-based classifiers in a high-throughput
manner, with support across multiple instrument platforms. While the
throughput and types of analyses done within CIUSuite2 have improved,
users are still required to manually assess their data in order to determine
which signals need to be extracted for CIUSuite2 analyses. In order to further
improve CIUSuite 2, and enable CIU-based screening drug technologies
currently in development, we have developed an automated data processing
feature for CIUSuite2. In this presentation, we discuss our automated peak
detection algorithm, along with data smoothing requirements needed to
improve peak detect

Analytical Cluster Poster #206 - POSTER WITHDRAWN
Post-separation Supercharging in nanoHPLC for Improved Electron-based

Fragmentation of Glycopeptide Analysis
Nhat Le, Hye Kyong Kweon, and Kristina Håkansson

Keywords: nESI, HPLC, supercharging, electron transfer dissociation

Up to date, there is yet a comprehensive approach to characterize both N-
and O-glycopeptides due to their heterogeneous and labile nature. While
N-glycopeptide is heavily studied, there is still lacking efficient method to
study O-glycopeptide. With the implementation of post-column
supercharging, we have been able to increase the sensitivity for the detection
of both N- and O-linked glycopeptides. The ETD events during supercharged
experiments have been significantly increased by 50% compared to the
traditional ETD. The signal intensities for oxonium ions with HCD were also
intensified in the presence of mNBA. Supercharging would therefore be very
beneficial for a more targeted approach of glycopeptides, HCDpdETD. The
numbers of triggered ETD spectra were also increased with supercharged
HCDpdETD. Our data showed that over 40% glycopeptides detected in Lectin
and Transferrin tryptic digest with supercharging ETD and HCDpdETD over
traditional collision based (HCD/CID) or combined method (EThcD).
Electron-based approaches are necessary to encapsulate the N- and
O-Glycopeptide heterogeneity within tryptic digestions. We anticipate this
approach can be applied to both large-scale N- and O- glycoproteomics for
better identification of glycopeptides.
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Analytical Cluster Poster #207
Multimodal Microfluidic Platform for Islet Investigations

Ashley E. Lenhart and Robert T. Kennedy
Keywords: Microfluidics, mass spectrometry, immunoassay, glucose homeostasis

Multimodal analysis is valuable for the study of tissue dynamics in which
information content is high and sample quantity may be low. In this work, a
microfluidic platform that is compatible with multiple analytical tools to both
monitor secretions and intracellular chemistry has been developed and
applied to study islets of Langerhans. Islets are complex micro-organs
involved in glucose homeostasis and diabetes, making their function of
significant interest. The microfluidic device is paired with a bead-based
immunoassay (AlphaLISA), matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry (MS), and liquid chromatography (LC) MS to
investigate hormone and amino acid dynamics in secretion and associated
endpoint metabolites. This microfluidic device perfuses 1 to 8 islets on chip.
The perfusion fluid can be controlled to change conditions, e.g. glucose
concentration, in seconds. The microfluidic system collects releaseate
continuously into fractions for analysis. Fractions can be split for multimodal
analysis. Insulin and glucagon are measured by AlphaLISA, amino acids are
measured by LC-MS, and metabolites are detected by MALDI MS. These
methods allow using as few as 2 islets with as short as 10 second fractions.
After perfusion experiments, islets are then subjected to MALDI MS to gain
metabolite information for pathway analysis. Over 20 targeted metabolites
have been detected from single islets. These efforts have decreased the
number of islets required for secretion and metabolic studies, thus
decreasing necessary animal sacrifices, reagent use, and cost. The results so
far suggest that the microfluidic system will be a suitable platform for in
depth characterization of both secretion and intracellular chemistry from
small amounts of tissue which is valuable for others using analytical tools to
study biology and those investigating diabetes.

Analytical Cluster Poster #208
Using a multiplexed biosensor immunoassay for basal neonate immune

system characterization
Krista Meserve, Cole Chapman, Gretchen Stepanovich, Lindsay Ellsworth,

Jennifer Bermick, and Ryan Bailey
Keywords: biosensors, immunoassays, cytokines
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According to the CDC, approximately 1 in 10 births in the US are characterized
as preterm (<37 weeks of completed gestation). A myriad of conditions can
result due to this developmentally regressive state, including late-onset
sepsis, chronic disorders, and immune system dysregulation. To better
understand the effects of preterm birth on the long-term immune system, it
is necessary to understand basal levels of inflammatory proteins in preterm
neonates during their first weeks of life. In this study, we developed and
applied a 7-plex silicon photonic microring resonator immunoassay to
investigate cytokine levels for both healthy preterm infants and those with
exposure to chorioamnionitis, an inflammation and infection of the chorion,
amnion, and placenta leading to preterm birth. In this study, 443 longitudinal
samples from a 63 subject cohort were analyzed on our biosensor platform in
under 40 minutes per sample. The multiplexed enzyme-linked
immunosorbent assay format provides information for the seven cytokine
targets using only 200 L of discarded serum. Overall, chorioamnionitisµ
exposed neonates had lower cytokine levels than their healthy counterparts.
Additionally, the levels of tested cytokines peaked in the neonates’ first week
of life, providing relevant information into the basal levels of immune proteins
in preterm neonates. This study demonstrates the utility of analytical tools
and considerations in a clinical space, with broader impacts on rapid neonatal
diagnostics and personalized clinical care.

Analytical Cluster Poster #209
Mapping Electron Energy Regimes in Electron-Based Peptide Negative

Ion Tandem Mass Spectrometry
Carson Szot and Kristina Hakansson

Keywords: niECD, EID, electron volt, coulombic barrier, electrospray ionization,
matrix assisted laser desorption ionization

The characterization of acidic labile post translational modifications (PTMs)
can be challenging with conventional tandem mass spectrometry (MS/MS)
approaches. Strategies to identify and localize labile PTMs include a variety of
electron-based activation mechanisms in both positive and negative mode
analyte polarity. Because several important PTMs are acidic (e.g.,
phosphorylation and sulfation), negative ion mode is of particular interest.
However, negative ion mode MS/MS is far less understood compared with its
positive ion mode counterpart. In this work we further explore peptide anion
fragmentation following electron irradiation on an FT-ICR mass spectrometer.
We demonstrate fragmentation over a wide electron energy range; 2-15 eV.
However, different mechanisms are at play depending on electron energy,
including the extremes of electron capture at lower energies and electron
detachment at higher energies as well as anion electronic excitation at
intermediate energies. By comprehensibly mining the electron energy space,
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improved understanding of the relative contributions of these different
processes, which provide different levels of structural information, is
generated.

Analytical Cluster Poster #210
Long-range Transport of Biomass Burning Aerosol Particles to the Arctic

Region
Judy Wu, Jun Liu, Jamy Y. Lee, and Kerri A. Pratt

Keywords: biomass burning, mass spectrometry, Arctic
Abstract withheld by author's request

Chemical Biology Cluster
Chemical Biology Cluster Poster #211

Thioesterase directed evolution approach for improved total turnover and
expansion of the substrate scope to generate macrolactone products
Maria L. Adrover-Castellano, Jennifer J. Schmidt, and David H. Sherman

Keywords: Enzymes, Natural Products, Biocatalysis, Polyketide Synthases
Abstract withheld by author's request

Chemical Biology Cluster Poster #212
The Evolution of Flavin-dependent Hydroxylase Substrate and Facial

Selectivity
Chang-Hwa Chiang, Attabey Rodríguez Benítez, Troy Wymore, Janet L. Smith,

Charles L. Brooks III, and Alison R. H. Narayan
Keywords: biocatalysis, flavin-dependent monooxygenase, oxidative

dearomatization, enantioselective hydroxylation, ancestral sequence reconstruction

Enzymes have become an important component to chemists’ toolboxes with
multiple advantages over small molecule catalysts with the potential to offer
mild and sustainable conditions, high enantioselectivity, and high turnover
numbers. Among all benefits, stereoselectivity might be the most attractive
one for synthetic chemists and is especially useful in the field of the
pharmaceutical industry. However, biocatalysis is limited by the difficulties of
discovering enzymes with a suitable substrate scope and selectivity. Herein,
we focus on a family of flavin-dependent monooxygenases (FMOs) such as
TropB, AfoD, and AzaH that perform challenging asymmetric oxidative
dearomatization. We strive to disentangle the mystery of how the enzymes in
the family evolved to control exquisite stereoselectivity across a range of
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resorcinol substrates, providing insights into rational enzyme redesign and
protein engineering. The study is performed by leveraging ancestral
sequence reconstruction, site-directed mutagenesis, and a
UPLC-UV-inline-CD method, which together enable us to visualize the
evolutionary process, resurrect the ancestral enzymes, analyze the
stereochemistry of products efficiently, and identify key residues controlling
the stereoselectivity. Our data indicate that the stereoselectivity of the
enzymes in the TropB and AfoD clades is mainly controlled by a Phe/Tyr
switch at position 239. Furthermore, the phylogenetic study reveals that AzaH
adopts a more ancient mechanism involving two residues of Phe96 and
Arg226 in the active site, which breaks the Tyr control mechanism shown in
the TropB and AfoD clades. In summary, the mechanisms of how FMOs
control the stereoselectivity are elucidated, which provide a solid foundation
for further protein engineering and redesign. At the same time, the research
also showcases the strategy of studying protein mechanisms using ancestral
sequence reconstruction.

Chemical Biology Cluster Poster #213
Structural basis for control of RNA Polymerase Translocation by a

Pause-Inducing Riboswitch
Emily Ellinger, Adrien Chauvier, Jason C. Porta, Indrajit Deb, Aaron T. Frank,

Melanie D. Ohi, and Nils G. Walter
Keywords: riboswitch, transcription, cryo-EM

Transcriptional pausing is an essential step in order to regulate gene
expression. Within bacteria, riboswitches, structured motfis found in the
untranslated regions of messenger RNA, can play an important role in gene
expression through interactions with the RNA polymerase (RNAP). A class III
pausing mechanism was recently uncovered through the preQ1 riboswitch in
which a pseudoknot structure of RNA forms within the RNAP exit channel to
modulate transcriptional pausing. Here we present cryo-EM structures of the
preQ1 elongation complexes in the absence and presence of ligand. Binding
of the ligand, preQ1, to the riboswitch initiates a reaction within the RNAP exit
channel that continues up to the active site to release the RNAP from its
paused state. This work provides a greater mechanistic understanding of
class III pausing and can be applied to future development of antibactierals
targeting transcription.
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Chemical Biology Cluster Poster #214 - POSTER WITHDRAWN
Targeting Med25 AcID with Peptide-Based PROTACs

Yanira Rodriguez Valdes and Anna K. Mapp
Keywords: PROTACs, protein-protein interactions, transcriptional coactivators

Abstract withheld by author's request

Chemical Education Cluster
Chemical Education Cluster Poster #215

Investigating how students from non-majority groups learning in
different educational contexts develop science identities

Danielle N. Maxwell, Jeffrey L. Spencer, Ethan A. Teich, and Ginger V. Shultz
Keywords: Science Identity, Non-Majority Students

The narrative that science is objective, value-free, acultural, and rooted within
a system of meritocracy constrains the representation and advancement of
non-majority groups in science. Although there are initiatives to improve the
representation of non-majority groups in STEM, much of this effort focuses on
achieving racial or ethnic diversity rather than recognizing students’ diverse
worldviews and identities in the classroom. To understand how students learn
science, we need to understand how students engage with and view science
and how this influences their personal and science identities. This project
seeks to deepen our understanding of how students from non-majority
groups develop science identities. We adapted a science/chemistry identity
interview protocol to interview six non-majority students from a variety of
introductory science courses at a tribal college. In addition to deductive
coding based on the five established sub-constructs of science/chemistry
identity, salient themes relating to non-majority students’ experiences in
science were captured in the interview data. Our preliminary analysis
indicates that some non-majority students have experiences and cultural
identities that influence their science identity and are not captured by the
science/chemistry identity framework. Future data collection includes
additional interviews with non-majority students at colleges and universities
across the country.
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Chemical Education Cluster Poster #216
University instructors' knowledge for teaching organic chemistry

mechanisms
Eleni Zotos, Jordan Tyo, and Ginger Shultz

Keywords: education, organic chemistry, mechanism, teaching knowledge

Many recent studies document the difficulties that students experience
when learning organic chemistry, often due to the complex visualization and
reasoning skills required to successfully understand the ways molecules
interact in specific environments. Many of these studies call on instructors to
improve their teaching strategies to support students’ learning of organic
chemistry mechanisms, but investigations of the instruction of this content at
the college level remain scarce. To capture university instructors’ knowledge
for teaching organic chemistry mechanisms, we developed and implemented
a task-based think-aloud interview protocol covering three fundamental
organic chemistry reactions—substitution, acid-base, and addition. We
qualitatively analyzed interviews with seventeen graduate students and three
faculty members to describe topic-specific pedagogical content knowledge
for organic chemistry mechanisms. Results presented will include a
description of this knowledge and GTAs’ strengths and limitations.
Implications for understanding student difficulties in organic chemistry and
designing graduate student instructor training will be discussed.

Inorganic Cluster
Inorganic Cluster Poster #217

Understanding Galvanostatic Magnesium Plating and Growth Kinetics
Christian Alvarez, Annie Malek, and Bart Bartlett

Keywords: Magnesium batteries, Electrodeposition, Magnesium plating

Research efforts for rechargeable magnesium batteries are focusing on
developing new electrolytes due to a passivation layer formed on the
magnesium anode when employing simple inorganic salt electrolytes like
those used in lithium-ion batteries. Electrolytes like magnesium aluminum
chloride complex (MACC), all phenyl magnesium chloride complex (APC), and
magnesium fluorinated alkoxy-aluminates have risen from these studies, but
there is a lack of understanding on how the electrodeposited Mg growth and
morphology are affected by the electrolyte composition and the current
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density applied. Previous studies have shown dendritic Mg growth in
Grignard electrolytes, which has been attributed to diffusion-limited
aggregation mechanisms. Although using Grignard’s as a baseline to
understand Mg electrodeposition, it is imperative to continue these studies
with the use of electrolytes that pose better chances at being used
commercially due to their higher conductivities, anodic stabilities, and low
deposition overpotentials. First, I looked into performing electrodeposition at
-10.0 mA varying the charge passed (0.50 C, 0.25 C, 0.50 C, and 1.00 C). Then I
looked at the morphology through SEM/EDX and found that the deposits
typically start as small spheres which start to build up layer of about 1um
thickness and then continues to grow as a crystalline film. The biggest
differences when varying the charge was the ratio of spheres to film
coverage. At lower charges, there was more spherelike deposit but as the
charge increased, the film coverage became more apparent. To corroborate
the crystallinity of the material, XRD measurements were taken which
showed a similar trend were at lower charges small features at the 30-40̊ 2ϴ
were observed but as more charged passed the intensity grew larger. From
these results, we conclude that Mg first starts to deposit as small spheres that
act as seeds to then grow a crystalline film and brings up the question of how
does the rate that the magnesium is being deposited affects the morphology
of the films? Therefore, future experiments will be focused at passing a
specific amount of charge (0.50 C, 1.00 C) at lower currents (0.1 mA, 1.0 mA)
and track the crystallinity, sphere/film formation.

Inorganic Cluster Poster #218
Synthesis and Characterization of Non-Heme Iron Hyponitrite Complexes

Michael O. Lengel, Hai T. Dong, Debangsu Sil, Carsten Krebs*, and Nicolai
Lehnert*

Keywords: Non-heme iron, model complexes, Flavodiiron NO reductases (FNORs)

Flavodiiron NO reductases (FNORs) are important enzymes in microbial
pathogenesis, as they equip microbes with resistance to the human immune
defense agent nitric oxide (NO). Despite much efforts, intermediates that
would provide insight into how the non-heme diiron active sites of FNORs
reduce NO to N2O could not be identified. Computations predict that
iron-hyponitrite complexes are the key species, leading from NO to N2O.
However, the coordination chemistry on non-heme iron centers with
hyponitrite is largely unknown. In this study, we report the reactivity of two
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non-heme iron complexes with preformed hyponitrite. In the case of
[Fe(TPA)(CH3CN)2](OTf)2, cleavage of hyponitrite and formation of an Fe2(NO)2

diamond core is observed. With less Lewis-acidic [Fe2(BMPA-PhO)2OTf2],
reaction with Na2N2O2 in polar aprotic solvent leads to the formation of the
red complex, but no formation of N2O is observed. This indicates that a stable
hyponitrite complex is formed. X-ray crystallography reveals a tetranuclear
iron-hyponitrite complex, [{Fe2(BMPA-PhO)2}2(m-N2O2)](OTf)2, with a unique
hyponitrite binding mode. This species provides the opportunity to us, for the
first time, to study the interaction of hyponitrite with non-heme iron centers
and the reactivity of the bound hyponitrite ligand. Here, protonation of
hyponitrite is required for N2O formation to occur.

Inorganic Cluster Poster #219
Tuning the Redox Potential of Non-Heme Diiron Model Complexes for

Flavodiiron Nitric Oxide Reductases
Garrett C. Reed, Hai T. Dong, Corey J. White, and Prof. Nicolai Lehnert
Keywords: flavodiiron nitric oxide reductases, nitric oxide, model complexes,

spectroscopy
Abstract withheld by author's request

Inorganic Cluster Poster #220
YfeX – A New Platform for Carbene Transferase Development with High

Intrinsic Reactivity
Victor Sosa, Hannah Palomino, and Nicolai Lehnert

Keywords: Bioinorganic, Biocatalyst, Carbene Transferase

Transition metal-catalyzed carbene transfer reactions offer a new synthetic
route for the generation of hard to synthesize carbon-carbon or
carbon-nitrogen bonds. Previous work performed by our laboratory focused
on engineering myoglobin (Mb) for carbene insertion reactions. Herein we
focus on YfeX, a novel protein scaffold, for carbene insertion reactions and is
shown to be more robust than Mb. Furthermore, YfeX heme substitution with
ruthenium mesoporphyrin IX (RuMpIX) and Co-protoporphyrin IX (CoPpIX)
into apo YfeX is used to determine whether catalytic activity can be further
improved by use of unnatural cofactors. The carbenoid intermediate, yield of
products, and catalytic mechanism were analyzed using gas
chromatography-mass spectroscopy (GC-MS) and UV-visible spectroscopy.
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Inorganic Cluster Poster #221
Transition metal hydroxide complexes featuring secondary sphere

hydrogen bonds
Jessica R Wilson, Matthias Zeller, and Nathaniel K Szymczak

Keywords: hydrogen bonds, group transfer, transition metals

A series of first-row transition metal complexes featuring hydrogen bonds to a
hydroxide ligand have been synthesized and characterized. Analysis by cyclic
voltammetry show accessible oxidation events; following chemical oxidation,
an Fe(III)-OH complex was isolated and characterized in solution and the solid
state. In situ group transfer reactions for hydrogen atom and hydroxyl transfer
were performed for the series, as well as from the isolated Fe(III)-OH complex.

Materials Cluster
Materials Cluster Poster #222

Time-Resolved Spectroscopic Investigation on the Effect of Varying
Donor-Acceptor Strength on the Photophysical Properties of Reported

Thermally Activated Delayed Fluorescent (TADF) Chromophores
Lloyd Fisher, Jr., Angelar K. Muthike, Ricardo Javier Vázquez, Jun Yeob Leeb,

and Theodore Goodson III
Keywords: TADF, Donor-Acceptor, Nonlinear Optics

The excited state dynamics of various chromophores were investigated via
multiple ultrafast spectroscopic techniques. These chromophores are
reported to have emission dynamics governed by the thermally activated
delayed fluorescent (TADF) process. Many of the chromophores under
investigation have been reported to have quantum yield enhancements
under oxygen-free conditions. Furthermore, devices fabricated with these
chromophores have been reported to have enhanced external quantum
efficiency. Each of these findings have been widely attributed to the TADF
mechanism. Our measurements were carried out in both ambient and
oxygen-free solution, free of guest-host interactions. The time correlated
single photon counting (TCSPC) measurements revealed that some of the
reported chromophores lack the long-lived emissive component in either
solution, while the others displayed an enhancement of this component’s
lifetime. The nanosecond transient absorption spectroscopy measurements
(nsTAS) revealed that the chromophores with a long-lived emissive
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component also posses excited states of triplet character. Our measurements
reveal that only a certain set of the investigated chromophores possess the
photophysics of a TADF chromophore.

Organic Cluster
Organic Cluster Poster #223

Strain Driven Synthesis of 2-azanorbornane via a Sulfonaminium Radical
Cation

Anthony Allen and Annika Tharp
Keywords: Photoredox, sulfonamides, heterocycles, bicycles, radical

Due to a variety of beneficial pharmaceutical properties for sp3-rich drug
scaffolds, a push for medicinal chemists to “escape from flatland,” has
resulted in the development of new, saturated pharmacophores and novel
methods thereto. In particular, the 2-aza-norbornane is a saturated nitrogen
bicycle which has been traditionally accessed through aza-Diels-Alder
reactions. The instability of the diene and imine substrates used in this
transformation, however, severely limits the scope of synthetically viable
substituted 2-aza-norbornane derivatives. As such, access to an expanded
array of 2-aza-norbornanes from stable, simple precursors would serve as a
welcome development to medicinal and synthetic chemists.

We disclose the synthesis of a variety of novel 2-aza-norbornane derivatives
achieved via a strain-driven, serial radical cascade reaction. Central to this
synthetic strategy is the generation of a sulfonimminium radical cation via
single-electron oxidation by the excited state of an acridinium photoredox
catalyst. As such, the synthesis of 2-aza-norbornanes can now be achieved
from bench stable, easily synthesized sulfonamide precursors.

Organic Cluster Poster #224
Pd-Catalyzed Diamination of Unactivated Alkenes to Generate

N-Heterocycles Through a PdII/IV Mechanism: Scope and Ongoing
Mechanistic Elucidation

Janelle Kirsch, Gabriel Gonzalez, Mason Faculak, and Kyle Palka
Keywords: Diamination, N-Heterocycles, Aminopalladation, Palladium Catalysis

Pd-catalyzed alkene diamination of unactivated alkenes is an underexplored
area of transition-metal catalysis. This presentation describes new studies on
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Pd-catalyzed diamination reactions of N-allylureas/guanidines with
O-benzoylhydroxylamine derivatives, which serve as N-centered electrophiles,
that afford cyclic guanidines and ureas bearing dialkylaminomethyl groups.
In prior work, our group had suggested these transformations proceed
through a Pd0/II catalytic cycle. However, our new experiments have led to a
new hypothesis, that suggests the reactions involve initial PdII-mediated
alkene aminopalladation, followed by a key oxidative addition of the
electrophile to the resulting (alkyl)PdII intermediate, followed by reductive
elimination from an (alkyl)(amido)PdIV complex to form the alkyl
carbon-nitrogen bond. These experiments have also shown that acac, not a
phosphine, serves as a key ligand for palladium. Moreover, simple acac
derivatives bearing substituted aryl groups outperform acac in the catalytic
reactions, and phosphines inhibit catalysis in many cases. These discoveries
have led to a significant expansion in the scope of this chemistry, which now
allows for the coupling of a variety of cyclic amines, acyclic secondary amines,
and primary amines.

Organic Cluster Poster #225
Tetramethylammonium fluoride alcohol adducts for SNAr fluorination

Maria T. Morales-Colon, Yi Yang See, So Jeong Lee, Peter J. H. Scott, Douglas C.
Bland, and Melanie S. Sanford

Keywords: nucleophilic aromatic fluorination tmaf

Nucleophilic aromatic fluorination (SNAr) is among the most common
methods for the formation of C(sp2)–F bonds. Despite many recent advances,
a longstanding limitation of these transformations is the requirement for
rigorously dry, aprotic conditions to maintain the nucleophilicity of fluoride
and suppress the generation of side products. This work addresses this
challenge by leveraging tetramethylammonium fluoride alcohol adducts
(Me4NF•ROH) as fluoride sources for SNAr fluorination. Through systematic
tuning of the alcohol substituent (R), tetramethylammonium fluoride
tert-amyl alcohol (Me4NF•t-AmylOH) was identified as an inexpensive,
practical, and bench-stable reagent for SNAr fluorination under mild and
convenient conditions. A substrate scope of more than 50 (hetero)aryl halides
and nitroarene electrophiles is demonstrated.

Organic Cluster Poster #226
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Investigations Toward the Chemoenzymatic Syntheses of
Tropolone-containing Meroterpenoids

Tyler Doyon, Jonathan Perkins, Anthony Saucedo, José Hernández-Meléndez,
and Di Yang

Keywords: Tropolones, Total Synthesis, Biocatalysis, Diels-Alder cycloaddition,
Humulene, Green Chemistry

With the rising exploration and implementation of biocatalysis in synthetic
organic chemistry, the opportunity to develop highly stereoselective,
sustainable, and efficient synthetic methods towards complex natural
products is ever growing. Until recently, the construction of appropriately
substituted tropolone derivatives required for the syntheses of
meroterpenoids such as pycnidione and epolone B has been largely
inaccessible. Though recent studies have made this exploration more
available, such studies have relied upon still somewhat lengthy and
unsustainable methods in the construction of these tropolone scaffolds in
rather overall low yields. Coincidingly, however, the formulation of these same
tropolone scaffolds via a two-enzyme, one-pot synthesis from readily available
benzaldehyde derivatives has also been explored and has achieved lower step
counts and near quantitative isolated yields. Following this discovery,
investigation has been underway for the further inclusion of a biocatalytically
driven Diels-Alder cycloaddition to access a series of natural products derived
from these tropolone scaffolds (as well as analogous benzaldehydes) and
chemically synthesized humulene derivatives.

Organic Cluster Poster #227
A Photochemical Approach to Novel 2-Azanorbornanes

Annika Tharp, Anthony Allen, and Corey Stephenson
Keywords: Photoredox catalysis, medicinally relevant, intramolecular

In recent years, the incorporation of greater saturation into pharmaceutical
leads has become a major focus within drug discovery. It has been shown
that increasing the sp3 character within a drug’s core often correlates to lower
toxicity, leading to greater potential for advancing through clinical trials and
approval. The 2-azanorbornane scaffold has been identified as a more rigid
alternative to piperidine and pyrrolidine functionality within pharmaceuticals.
In addition to this bioisosterism, this motif allows for a greater degree of
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possible substitution patterns, and derivatives of these scaffolds have been
demonstrated as ligands for asymmetric transformations.

Bicyclic systems of this sort are particularly underexplored in medicinal
chemistry and drug discovery. The synthesis of structurally complex
2-azanorbornanes has proven to be challenging for synthetic organic
chemists, with the most precedented routes relying on thermally initiated
aza-Diels-Alder reactions. The need to develop orthogonal approaches is
critical due to the drawbacks and limitations associated with these strategies.
Photochemical mediated processes offer a welcome alternative to these
existing strategies, with previous studies in our lab detailing radical cascade
reactions towards saturated bicycle synthesis. Herein, we describe adaptation
of this protocol towards 2-azanorbornane synthesis, harnessing the power of
the strain-driven homolysis of amine-radical-cations under mild conditions.

We have disclosed a small scope of novel 2-azanorbornanes. The
transformation results in the formation of two new C–C bonds and the
precursor N-allyl,N-cyclopropylamines can be synthesized from readily
available commercial precursors. Mechanistic studies indicate the
intermediacy of an amine radical cation, adding to the impressive resumé of
such intermediates in complex molecule synthesis.

Organic Cluster Poster #228
Cataloguing the Reactivity of Fluoroalkyl and Fluoroalkenyl Anions

Michael Wade Wolfe
Keywords: Fluoroalkyl, Lewis acid, beta fluoride elimination

Over half a dozen fluoroalkanes were deprotonated in the presence and
absence of a Lewis acid. For fluoroalkanes containing 2 or more carbon
atoms, beta fluoride elimination rapidly occurs after deprotonation. This
reaction is accelerated in the presence of a Lewis acid, ultimately resulting in
a Lewis acid-fluoroalkene adduct. Degree of fluorination and saturation
dictates the stability and reactivity of the Lewis acid-fluoroalk(en)yl adducts.
Test-reactions with several key electrophiles and variable temperature NMR
have been used to catalogue these reactive anions and their chemical
properties.
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Physical Cluster
Physical Cluster Poster #229

Two-photon excitation with quantum and classical light
Oleg Varnavski, Juan P. Villabona-Monsalve, Audrey Eshun, Carolyn E.

Gunthardt, and Theodore Goodson III
Keywords: entangled photons, spectroscopy

Entangled two-photon absorption (ETPA) has the potential to be utilized in
sensing, imaging, and novel spectroscopic techniques. In order to take full
advantage of this potential, preliminary experiments must be performed to
determine the structure function relationships involved in ETPA. Experiments
probing organic molecules using both classical and entangled TPA have been
performed and are key to understanding the similarities and differences
between the two processes. The extent of ETPA in a molecule can be
quantified using the ETPA cross section, which is determined via
transmission based measurements. Experiments have also detected
fluorescence from molecules excited via ETPA. A home built fluorescence
scanning microscope utilizing entangled light has been developed and used
to image thin films of organic samples.

Physical Cluster Poster #230
Enhanced Exciton Quantum Coherence in Single CsPbBr3 Perovskite
Quantum Dots using Femtosecond Two-Photon Near-Field Scanning

Optical Microscopy
Federica Ricci, Veronica Marougail, Oleg Varnavski, Yue Wu, Suyog

Padganoka, Shawn Irgen-Gioro Zhao, Emily A. Weiss, and Theodore Goodson,
III

Keywords: Perovskite, quantum dots, coherence, time-resolved microscopy, NSOM,
two-photon absorption

Cesium-halide perovskite quantum dots (QDs) have gained tremendous
interest as quantum emitters in quantum information processing
applications due to their optical and photophysical properties. However,
engineering excitonic states in quantum dots requires a deep knowledge of
the coherent dynamics of their excitons at a single-particle level. Here, we use
femtosecond time-resolved two-photon Near-Field Scanning Optical
Microscopy (NSOM) to reveal coherences involving a single cesium lead
bromide perovskite QD (CsPbBr3) at room temperature. We show that,
compared to other non-perovskite nanoparticles, the electronic coherence on
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a single perovskite QD has a relatively long lifetime of ca. 150 fs, whereas CdSe
QDs have exciton coherence times shorter than 75 fs at room temperature.
One possible explanation for the longer coherence time observed for the
CsPbBr3 perovskite system is related to the exciton fine structure of these
perovskite QDs compared to other nanoparticles. These perovskite QDs
exhibit interesting optical properties that differ from those of the traditional
QDs including the bright triplet exciton states. The small amplitude of the
energy gap fluctuations of dipole-allowed triplet states, in fact, could help to
preserve their coherent superposition for longer times. Furthermore,
single-particle excitation approach implemented in this work allows us to
remove effects of heterogeneity that are usually present in ensemble
averaging experiments at room temperature. The realization of
quantum-mechanical phase-coherence of a charge carrier that can operate
at room temperature is an issue of great importance for the potential
application of coherent electronic phenomena for electronic and
optoelectronic devices. These interesting findings provide further evidence
on the attractiveness of these perovskite QDs as candidates for quantum
computing and information processing applications.

Physical Cluster Poster #231
Investigation of magic number metal nanoclusters through time-resolved

and nonlinear spectroscopy
Betsy Trinklein and Theodore Goodson, III

Keywords: nanoclusters, ultrafast, spectroscopy, emission, magic number

Monolayer-protected nanoclusters (MPCs) have been of great interest over
the last several years and transition metal clusters have shown great promise
for medical imaging, catalysis, and sensing. This is due to their small size (1-2
nm) compared to nanoparticles (> 2 nm), by which they exhibit quantum
confinement effects, and thus do not exhibit surface plasmon resonance.
Quantum effects allow clusters to exhibit enhanced fluorescence quantum
yields, nonlinear optical properties, and band gap energy dynamics. The
unique core-shell Au25(SR)18 MPC has been studied extensively over recent
years, as well as gold clusters of varying sizes. Molecular-like transitions occur
in these size-tunable clusters, giving way to unique absorption bands and
strong fluorescence in the UV-vis optical spectrum. In light of what
researchers have found, Au25(SR)18 is a great guide for studying other cluster
systems. This project aims to focus on the optical properties of iron
nanoclusters to develop and understand solid-state materials. Iron clusters
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are of interest because they possess unique magnetic properties, are
successful catalysts, biocompatible, and are cheap relative to other clusters.
They are also ideal candidates for sensing and imaging due to their high
fluorescence. Both iron and gold nanoclusters have been studied in our lab
with steady state, nonlinear optical, and time-resolved spectroscopy. We aim
to continue the exploration of these quantum-confined nanoclusters.
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