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Astrocyte calcium signaling is very important to understand normal brain function as well as brain activity during 
neuropathological conditions and substance use disorder. Despite the importance of understanding calcium activity in 
astrocytes, one major challenge is currently available sensors target either plasma membrane (PM) or the lumen of 
the endoplasmic reticulum (ER). We use genetic and molecular biology tool to develop the sensor and utilized 
fluorescence microscopy-based tools to characterize the sensor. Here we developed an ER targeted calcium sensor 
which is located at the cytosolic side of the ER. We verified its specific location of the sensor in the ER using super 
resolution microscopy and showed that it can be well expressed in astrocytic cell soma and processes.  It can detect 
calcium events in the cell and processes as well as astrocytes in vivo. We also demonstrated that it can be used in 
combination with TIRF microscopy to detect very small calcium fluctuations. Our pharmacological studies 
demonstrated this sensor measures calcium activity differently than the currently used plasma membrane sensors. 
In conclusion our sensor reports calcium signaling in close proximity to the endoplasmic reticulum in astrocytic soma, 
processes and in vivo. 
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AN ENDOPLASMIC RETICULUM TARGETED CALCIUM PROBE TO STUDY CALCIUM 
SIGNALING IN  ASTROC
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The fusion protein flavocytochrome P450 BM3 combines cytochrome P450 and NADPH-cytochrome P450 reductase 
domains. P450s are a superfamily of heme-thiolate monooxygenases capable of catalyzing the biotransformation of 
over 200,000 chemicals (amino acids, carcinogens, drugs, saturated and unsaturated fatty acids, environmental 
pollutants, melatonin, steroids, food supplements, plant products). Herein we report the initial electrochemical 
characterization of a P450 BM3oxy enzyme. The enzyme was first expressed, purified, and finally characterized with 
a conductive electrode. This enzyme was initially isolated from the prokaryotic Bacillus Megatarium and has the 
�̀e 
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In past contributions, our work has focused on the design of inexpensive Ni catalysts promoted with other base 
metals (Fe and Cu) that can convert inedible bio-oils – including waste cooking oil – to green diesel, a renewable fuel 
chemically indistinguishable from petroleum-derived diesel. However, our work to date has mainly involved alumina 
(Al2O3) as the catalyst support. In this contribution, we investigate the use of supports other than alumina – 
namely, SiO2-Al2O3(me切ᆀt@tᄀ㷳ᄀᆁ2.耠礦ሀ
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In organic semiconductors, the flexibility of a molecule or polymer and the degree of π-delocalization directly impact 
properties ranging from the semiconductor processability to electronic, optical, and mechanical characteristics. The 
flexibility and π-conjugation of connected ring systems are dictated by the capacity for rotation amongst any two 
rings. Thus, the energetics of ring rotations as a function of the system chemistry serve as critical parameters, both 
for molecular/polymer and material design. Here, we systematically examine the effects of various ring chemistries, 
ortho-positioned substituents, and oligomer length on the rotation of two rings in the center of the system. Two 
primary factors, as one might expect, dictate the potential energy curves for rotation: The degree of π-delocalization 
across the dihedral bond and the (exchange) repulsion among ortho-substituted atoms and/or groups. Both factors 
either stabilize or destabilize the planar conformations. Notably, the oligomer chain length had little-to-no 
discernable impact on the rotation energetics. Further, distinct patterns relating the ring chemistries and shapes of 
the potential energy surfaces for rotation were found, which are helpful towards the goal of developing machine-
learning algorithms for molecular design. The insights derived here will help direct and speed-up the design of new 
molecular classes that afford semiconductors with a priori design of electronic and optical properties and ease of 
processing. 

Abstract 

6 

A SYSTEMATIC EXAMINATION OF FACTORS IMPACTING DIHEDRAL ANGLE 
ROTATION TO ENLIGHTEN MATERIALS DESIGN 
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Metals exhibit unique catalytic nature when they are deposited as nanoparticles on a variety of metal oxides. These 
systems are specially used in the electronic industry to fabricate nanostructures which are used as building blocks for 
sensors, energy storage, and energy transfer devices. Thus, understanding the behavior of these systems is crucial 
to improve their applications. Solid-liquid-vapor (SLV) dissolution is one of the nanomaterial fabrication techniques 
that is used in the semiconductor industry. Even though SLV dissolution is used for nanomaterial fabrications, the 
competition between SLV etching and diffusion of the metal nanoparticle on/into the metal oxide surface limits its 
applications. The observation of this phenomenon on Au catalyzed SnO2 substrates inspired us to explore the 
underlying governing factors and diffusion and dissolution mechanisms of metals on/into metal oxides using real-
time in-situ transmission electron microscopy while simultaneously heating. In addition to the comparison between 
two mechanisms, this project also facilitates the observation of in-situ real-time growth of vertical negative 
nanowires in single-crystalline SnO2 for the first time. 
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UNDERSTANDING AU- SNO2 INTERFACE ON THE ATOMIC LEVEL USING IN-SITU 
TEM HEATING 
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Electron bifurcation produces low potential, energy-rich electron carriers used to drive unfavorable reactions such as 
fixation of N2 and CO2. The electron transfer flavoprotein (ETF) of Rhodopseudomonas palustris, RpaETF, has two 
FAD molecules: the bifurcating FAD (Bf-FAD) and the electron transfer FAD (ET-FAD). The ET-FAD is unusually stable 
in its anionic semiquinone (ASQ) state and is critical to the enzyme's mechanism. To determine which protein 
residues are responsible, it is necessary to generate variants of the ETF in which key residues are replaced. However, 
RpaETF is not stable enough to tolerate these experiments. RpaETF has a hydrophobic residue, leucine 247 close to 
the diphosphate of ET-
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Tin halide perovskite (Sn-HPs) photovoltaics could be used as an alternative to their more toxic Pb-based analogues. 
Despite favorable optoelectronic properties, the power conversion efficiency (PCE) of Sn-HPs is still lagging Pb-HPs 
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The search for alternative energy sources has become a crucial scientific venture in the 21st century as fossil fuels 
that governed the industrialization era have now become a limited resource and a threat to the sustainability of life 
due to their excessive consumption. Solar power, hydrogen gas, wind energy, are some of the alternatives that are 
widely discussed, yet possess limitations due to unequal distribution, unattainable demand, and inconsistency as a 
long-term solution. The promising option which overcomes all these constraints is nuclear fusion, as it is reliable, 
clean, and has a very high-power generating efficiency, making it capable of meeting the ongoing demand.  
However, in engineering nuclear fusion reactors, the challenges are to sustain radiation, heat flux, be economical, 
and environmentally safe. Therefore, it is of utmost importance to search for materials that are well-suited in 
constructing fusion reactors. Using atomic resolution in situ transmission electron microscopy (TEM), we aim to study 
several potential reactor materials in real-time mimicking the fusion reactor conditions. Materials such as PbLi, 
Al2O3, nanostructured ferritic alloys (NFA) will be assessed to understand their stabilities at high temperatures and 
radiation flux, corrosion mechanisms, and compatibilities to evaluate their suitability in nuclear fusion reactors. 
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Magnetic iron oxide nanoparticles (IONPs) have gained much interest in recent years due to their versatility in 
applications such as biomedical and environmental. As the studies on magnetism through various size and structure 
of nanoparticles grow, so does the need to continue to fabricate new nanostructures to facilitate the advancements 
of these magnetic particles for real world applications. The biocompatibility of magnetic iron oxide nanoparticles is a 
major driving point to its seemingly unlimited uses, especially in the biomedical field where biocompatibility is a key 
concern.  
 
Here, we present the phase isolation of spinel-structured (γ-Fe2O3/Fe3O4) hollowed iron oxide nanocapsules. The 
structure and size of the nanocapsules were produced through the synthesis of the initial iron oxide phase (β-
FeOOH). The phase isolation and hollowing process were performed through thermal treatments under specific 
external conditions. Nanocapsule morphology and size were for all iron oxide phases were confirmed through SEM 
and TEM imaging. The crystal structure and phase were confirmed through PXRD, SAED, and FFT diffraction analysis 
while the chemical compositions were confirmed through EDS spectrum and elemental mapping. The ability to 
produce anisotropic hollowed nanoparticles with possible magnetic susceptibility has the ability to greatly influence 
the versatility of magnetic IONPs. 
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ISOLATION OF HOLLOW SPINEL-STRUCTURED IRON OXIDE NANOCAPSULES 
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Microglia are activated following nicotine self-
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The human dopamine transporter (hDAT), is a molecular target in neurodegeneration and substance use disorders. 
Lobinaline, a binitrogenous alkaloid from Lobelia cardinalis,.is a novel inhibitor of the DAT and would be a good lead 
compound except that it is too complex for easy chemical synthesis. Target-directed evolution was therefore used in 



  

Authors 
Rachel Sunder, Chemistry, University of Kentucky 
Bert Lynn, Chemistry, University of Kentucky 
 

In neurodegenerative α-synucleinopathies, including familial Parkinson’s Disease (PD), accumulation and aggregation 
of the α-synuclein protein leads to “unfolded protein response” (UPR) and neuronal apoptosis. The UPR also occurs in 
plant cells when foreign proteins accumulate intracellularly, and this elicits the synthesis of metabolites that act as 
protective agents against foreign species. In attempt to discover novel inhibitors of α-synuclein toxicity we expressed 
the A53T α-
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In organic electronics, organic molecules are often needed to conduct charges between key device components and 
electrical contacts. These charge transfer materials are usually in a solid state and are typically classified as either 
crystalline or amorphous, depending on packing order. The highest charge mobility values are typically obtained in 
highly crystalline materials with pervasive and strong non-covalent interactions (pi-stacking) present throughout the 
crystalline lattice. However, not all crystalline materials are ordered the same way. It can be difficult to predict the 
degree to which pi-stacking interactions occur, and some staking patterns are better than others. A straightforward 
way to change how the material packs in crystalline form is to use other strong and predictable non-covalent 
interactions. Here, we use hydrogen bonding interactions between pyridine N atoms and carboxylic acids to modify 
the crystalline packing structure and study the intermolecular interactions present in solution and solid states. These 
interactions were studied by Nuclear Magnetic Resonance (NMR) and then verified with x-ray crystallography. We 
then discuss and compare these findings in the context of the literature. 
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USING NON-COVALENT INTERACTIONS TO TUNE CRYSTAL PACKING IN DI
(PYRIDYL)BI THIOPHENES 
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T cells play an integral role in the generation of an effective immune response and are responsible for clearing 
foreign microbes that have bypassed innate immune system defenses and possess cognate antigens. The immune 
response can be directed towards a desired target through the selective priming and activation of T cells. Due to 
their ability to activate a T cell response, dendritic cells and endogenous vesicles from dendritic cells are being 
developed for immunotherapy for cancer treatment. Here we engineer vesicles derived from dendritic cell 
membranes with similar properties as dendritic cell exosomes. These cell-derived vesicles are capable of activating 
antigen-specific T cells through direct and indirect mechanisms. Additionally, these nanovesicles can be produced in 
large yields, overcoming production constraints that limit clinical application of alternative immunomodulatory 
methods. Thus, NVDC show potential as an immunotherapy platform to stimulate and direct T cell response. 
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DENDRITIC CELL MEMBRANE-DERIVED NANOVESICLES FOR TARGETED  
CD8+ T CELL ACTIVATI
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