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Manipulating perineuronal net inhibition to induce recovery of forelimb function after acute and
chronic cervical spinal cord injury
Fatimah Abouelsoud, Department of Biology; Adrianna Milton, Department of Neuroscience.

There are over 250,000 people worldwide that suffer a spinal cord injury (SCI) each year, with millions
paralyzed chronically. Over half of these injuries occur at the cervical level resulting in impaired voluntary arm
and hand movements among many other problems. Our lab utilizes female Sprague-Dawley rats subjected to a
cervical level four hemilesion (LC4H) to study the role of axon growth restricting chondroitin sulfate
proteoglycans (CSPGs) in the perineuronal net (PNN) as major inhibitors of regeneration and sprouting after
SCI. Motor circuits deprived of supraspinal input undergo substantial remodeling continuing long after injury,
including contralateral long descending tracts that re-cross the midline below the level of injury may be slowly
sprouting new connections on the side ipsilateral to the injury. In this study, we utilize: 1. enzymatic, 2. small
(FDA-approved) molecule, and 3. peptidergic treatment approaches combined with behavioral testing and
training to either degrade the perineuronal net or block the interaction between this structure and spared, but
sprouting axons to promote functional recovery of forelimb movements at different time points (0 days or 12
weeks post-injury) to model acute and chronic SCI. We believe that new collaterals in the chronic model could
provide potentially active synapses over time that are be beneficial to the recovery of forelimb movement.
Project Mentor: Dr. Jerry Silver, Department of Neuroscience
Faculty Sponsor: Dr. Hillel Chiel, Department of Biology

Using the Visual Receptor Rhodopsin as a Prototypical GPCR for Biophysical Study
Andrea Arline, Department of Nutrition; Dr. David Lodowski, Center for Proteomics and Bioinformatics,
Department of Nutrition

G protein coupled receptors (GPCRs) have over 700 family members, making them the largest group of
transmembrane receptors in the human genome. Furthermore, 30% of current therapeutics used in clinics
target GPCR signaling pathways. As such, understanding the mechanism by which GPCRs are activated is of
great interest. A GPCR goes through various dynamic and structural changes after activation which allows it
to generate a cellular response through activation of downstream signaling events. Due to its relative ease of
purification and stability, rhodopsin has long been used as a prototypical GPCR for both biophysical and
biochemical study of GPCR signaling. Despite these studies, the activation process still has aspects that
require further investigation. In this study, we worked to further develop alternative methods for rhodopsin
purification that would allow greater insight into the activation process in x-ray crystallography and mass
spectrometry studies. We analyzed the effectiveness of novel detergents in purification of rhodopsin,
employing a multipart purification method, beginning with solubilization of rhodopsin in novel detergents,
followed by selective extraction of rhodopsin using zinc precipitation followed by size-exclusion
chromatography. The effectiveness of purification was assessed by absorbance spectroscopy and SDS-PAGE
analysis. These purified rhodopsin preparations were then used for protein crystallization studies and
protein radio lytic foot printing. Currently, the foot printing samples are being analyzed by mass
spectrometry to observe any changes in solvent exposure during activation. As rhodopsin serves as a
prototypical GPCR for understanding GPCR signaling in general, insight into the rhodopsin activation process
will allow us to better understand the activation of all GPCRs, providing insight into the various mechanistic
roles of specific protein changes during activation.
Project Mentor: Dr. David Lodowski, Center for Proteomics and Bioinformatics, Department of Nutrition

Experimental Set-up for a Tactile Feedback Enabled, Tele-operated Robotic Hand
Esther Bedoyan, Electrical and Computer Engineering and Biomedical Engineering, Carnegie Mellon
University

The development of intuitive tactile feedback in tele-operative control systems would enable full
intuitive, dexterous control of tele-operative machinery, positively impacting fields such as medical and
manufacturing fields by minimizing surgical errors that could lead to health issues that prolong recovery time
and promoting use of tele-operative robots in situations that pose health risks to human workers,
respectively. Methods of tactile sensory restoration using implanted FINE electrode nerve cuffs developed by
this lab can reproduce tactile sensations such as tapping, pressure, moving touch, and vibration in upper-limb
amputees, which could allow an operator to physically feel what the robot feels. This project is working to
develop and build a tele-operated robotic arm setup, which can be used by able-bodied populations or upper
limb amputees receiving sensory feedback to conduct functional tasks. We used a Staubli robot arm, which
has been modified to carry either an EMG-controlled DEKA prosthetic hand with embedded sensors to enable
sensory feedback for amputee subjects with FINE electrode implants, or a motorized gripper-hand to be
controlled by able-bodied subjects using bend-sensors attached to the hand. Motion capture cameras track
hand or residual limb coordinates of the subject, which are fed to the Staubli robot through inverse kinematic
equations, converting the world coordinates into robot joint angles. Metrics were developed to measure time
delay and position accuracy between the motion capture detection and robot output. Functional tasks have
been developed to test the time and accuracy involved to complete a variety of tasks using this set-up with
able-bodied subjects, and future experiments will test the differences in task performance between sensory
feedback disabled and enabled trials with amputee subjects.
Project Mentors: Leah Roldan and Dr. Dustin Tyler, Department of Biomedical Engineering

Building an R Package with Python Integration for Data Science Analysis of Performance Loss Rates of
Photovoltaic Technology
Tyler Burleyson, Department of Mathematics, Applied Mathematics and Statistics; and Alan Curran,
Department of Materials Science and Engineering

As solar power becomes an increasingly popular technology, accurate measurements of performance loss
rates (PLR) of photovoltaic (PV) systems also grow in importance. PLR refers to the percent loss in power
output under the same weather conditions over time. However, accurate PLR measurement is difficult under
real world conditions due to variables such as irradiance, snow, temperature, and other weather factors.
Various data science techniques have been utilized to clean and analyze real world PV data so that PLR can be
measured and compared across systems with the goal of identifying factors in performance loss. The Solar
Durability and Lifetime Extension Center has developed a pipeline of R-based functions for this analysis,
including PLR value and uncertainty calculations. This work is concerned with packaging this code for more
widespread use, as well as the integration of Python code scripts into the package. Packaging is done to
document and delocalize the pipeline, increasing ease and speed of use both within the center and for partner
institutions. Python integration is done through the R package ‘Reticulate’, which offers multiple methods of
utilizing Python code in an R project, thus increasing the speed and usability of the pipeline. Additional work
was done to improve the package, including the writing of additional functions and the standardization of
inputs and outputs throughout. Throughout development, the package was tested both manually and
automatically via unit testing to ensure accurate performance. Vignettes, long-form documentation common
to R packages, were written detailing the function and workflow of the pipeline, including a discussion of the
differences between various functions for PLR calculations and uncertainties.
Project Mentor: Roger French, Department of Materials Science and Engineering

Targeting Replication Stress in Cancer Cells
Jalen Campbell, Biology Major, Yan Yan, Sung-bau Lee
Introduction and Goal: DNA replication stress (RS) is a multi faceted process that that identifies ways in
which cells effectively manage interference with the normal replication process (the Replication stress
response). Due to oncogenes activation driving cell proliferation, cancer cells exhibit high levels of RS, which
is normally suppressed by RS response (RSR) that involves the ATR-Chk1 transduction signaling pathway.
This pathway provides an exploitable therapeutic vulnerability in cancer cells. An emerging strategy in cancer
treatment is to further exacerbate ongoing RS in cancer cells by interfering with response mechanisms, which
could trigger catastrophic genome instability, ultimately leading to cell death. Several Chk1 inhibitors have
been developed and are under clinical evaluation. However, unwanted side effects including cardiotoxicity
have been observed in the trials, necessitating the discovery of a new treatment strategy targeting RS and the
RS response. Recently, in collaboration with a TMU group led by Dr. Lee, we have identified a novel
compound, PCI (not yet disclosed for invention disclosure protection) that can exacerbate RS. The goal of this
project is to use these novel compounds in a combination strategy with current known RS agents to generate
synergistic toxicity to cancer cells.
Results: The cytotoxicity of this novel compound PCI was evaluated by MTS assay in MDA-MB-231 breast
cancer cell line. The IC50 of PCI is 90uM. Next, we select a dose of compound PCI that does not cause
significant cytotoxicity to the cells for combination treatment with other agents that induce replication stress.
PCI significantly potentiated the cytotoxicity of Chk1 inhibitor AZD7762 and Prexasertib, but not gemcitabine
or 5FdU with directly induce pool imbalance and slow replication.
Conclusion: Compound PCI highly sensitized MDA-MB-231 cancer cells to Chk1 inhibitors AZD7762 and
Prexasertib. This combination strategy may significantly reduce the doses of the Chk1 inhibitors to spare
normal cells, with less toxic side effects for the patients.
Project Mentor: Dr. Stanton L. Gerson, Seidman Cancer Center Director

Antioxidant independent transcriptional functions of vitamin E
Matthew Chen1, Stephen Valentino1, Michaela Stamper1, Andrea Martinez1, Cheryl Cameron1, Mark
Cameron2, Mike Fang2, and Danny Manor1,3, Departments of Nutrition1 and of Population and Quantitative
Health Sciences2, School of Medicine, and the Case Comprehensive Cancer Center3, Case Western Reserve
University, Cleveland, OH 44106
Alpha-tocopherol (Vitamin E) is a plant-derived lipid antioxidant that is an essential nutrient for all
vertebrates. It has already been well established that vitamin E can prevent and reduce injury caused by
reactive oxygen species (ROS). We found that 6-hydroxymethyl alpha tocopherol (6HMTC), an antioxidant
inactive analog of vitamin E induces expression of the TTPA gene in cells in a manner nearly identical to that
of natural alpha-tocopherol. These findings indicate that vitamin E possesses novel, antioxidant-independent
biological activities that may underlie the health-promoting effects of the vitamin. In order to expand these
findings, we examined the effects of alpha-tocopherol and 6-HMTC on global gene expression in cultured
hepatocytes using an RNAseq approach. We found that, indeed, treatment with alpha-tocopherol or 6-HMTC
caused significant changes in the expression levels of specific transcripts that are involved in distinct
physiological pathways. Importantly, some of these transcripts were similarly affected by both alphatocopherol and 6-HMTC, indicating a likely novel transcriptional mechanism that is driven by the dietary
vitamin. Future work will be directed towards selecting specific molecular pathways and the role they play in
specific health-promoting effects of vitamin E.
Project Mentor: Dr. Danny Manor

The effect of repeated treatments on Schistosoma mansoni population structure
Lillian Copeland, Biology major on Pre-med track;
Jeff Kovach, M.S., Center for Global Health and Diseases
Ronald Blanton, M.D., Center for Global Health and Diseases
Abstract:

In areas in Brazil, East Asia, the Middle East, and Africa >230 million people are infected with the parasitic
disease, schistosomiasis. This disease is a helminthic infection that can be transmitted to humans and other
mammals. Schistosoma mansoni, S. haematobium, and S. japonicum are the most common species causing
infections in humans. Each differs in their intermediate snail host, geographical distribution, symptoms, and
levels of morbidity. In the 1970s, control strategies were implemented using antiparasitic drugs to reduce the
prevalence and morbidity in areas of endemicity. This research focuses on the species S. mansoni, to determine
the effect on its population structure after repeated treatment with the drug praziquantel. Over time, the
prevalence went from 45% to 5%. The methods used on DNA extracted from >300 stool samples were
cetyltrimethylammonium bromide (C-TAB) purification, quantitative polymerase chain reaction (qPCR), and
spike tests. We determined which samples had adequate amounts of parasite DNA and an absence of inhibitors
in order to genotype samples for the year 2015. Differentiation of the infrapopulations (Di) and population
diversity (Ne) were determined to be 0.293 and 760, respectively. Compared to other years (2009, 2012, 2013,
& 2017), the Di’s and the differentiation of component populations (Dc) increased from 0.090 to 0.321 while
the Ne decreased from 38,221 to 876. The values in 2015 were slightly higher than 2013 and 2017, but may
not be different given the number of usable samples and the decreasing values of these estimates. Repeated
treatments have profoundly changed the population structure indicating weakness and susceptibility to
genetic drift. Since diversity is declining, the population may be near collapse. These preliminary results
illustrate that the shift from control to elimination of the disease is highly likely to occur if control treatments,
operational programs, and sanitation methods are rigorously implemented.
Project Mentor: Ronald Blanton, M.D, Center for Global Health and Diseases at Case Western Reserve University
School of Medicine

Overcoming Challenges in Bioluminescent Imaging with the Red-shifted Bioluminescent
Enzyme AkaLuc and Akalumine substrate
Emma DiLavore, Department of Nutrition; John Tilton, Department of Nutrition; Kristyen Tomcik,
Department of Nutrition.

Introduction: Immune cell therapies have emerged as a significant therapeutic strategy in cancer
biology. However, targeting injected immune cells to specific organs in vivo remains a challenge. We
sought to monitor in vivo cell trafficking using a red-shifted bioluminescent enzyme and substrate
(akaLuc/akaLumine). Initial in vivo injection of transfected cells resulted in a significant amount of
background luminescence from the akaLumine substrate alone.
Methods: Here, we sought to determine whether the background luminescence could be overcome
by high-level expression of the akaLuc enzyme. First, we compared electroporation or chemical
transfection (lipofectamine, polyethylenimine, or JetOPTIMUS) in HeLa cells to optimize protein
expression using a fluorescent tdTomato reporter. Transfection efficiency and viability of the cells
were measured via flow cytometry at 24, 48, and 72 hours. Second, we injected cells transfected with
akaLuc into immunodeficient NOD scid gamma (NSG) mice and performed bioluminescence imaging.
Results: Electroporation produced inconsistent transfection efficiencies and variable cell viability.
However, JetOPTIMUS resulted in an optimal transfection efficiency of 60-80% with 90% viability,
and surpassed the other reagents in both efficacy and consistency. Subsequent injection of HeLa cells
transfected with akaLuc using JetOPTIMUS resulted in a high bioluminescent signal in only the mice
injected both with substrate and transfected cells.
Conclusion: JetOPTIMUS is the best tested method for transfecting DNA into HeLa cells and the
resulting high akaLuc expression in cells produces a strong bioluminescent signal in vivo. The ability
to track cell location via bioluminescent signaling help develop strategies to target injected cells to
specific organs in vivo.
Project Mentor: Professor John Tilton, Department of Nutrition

Effect of Small-Molecule Modulation of PEBP1 on Ferrotoptic Cell Death Induced by PEBP1/15LO
Complex
Farrah Gao, Department of Biochemistry; Dr. Drew Adams, Department of Genetics and Genome Sciences

Ferroptotic cell death is an iron-dependent nonapoptotic form of regulated cell death. A key signature of
ferroptotic cell death is an accumulation of reactive oxygen species (ROS) and lipid peroxides. 15lipoxygenases (15LO) normally bind free polyunsaturated fatty acids. A recent Cell paper demonstrated that
15LO binds to Phosphatidylethanolamine Binding Protein 1 (PEBP1) through the ligand binding pocket of
PEPB1. The PEBP1/15LO complex causes a change in substrate specificity for 15LO, causing it to bind to
phosphatidylethanolamines (PE), producing the hydroperoxy-PEs that promote ferroptosis. (Wenzel et al.,
2017). In the Adams Lab, compound DJA25 was previously found to covalently bind to the ligand binding
pocket of PEBP1 with high selectivity both in vitro and in live cells. The implication of PEBP1 as a promoter of
a type of cell death important in neurodegeneration provides a new therapeutic rationale for exploring its
cellular effects and potentially using PEBP1 as a target for drugs to induce or inhibit ferroptosis. Because of
the demonstrated selective binding of DJA25 to PEBP1 in its protein binding pocket and the role that the
PEBP1/15LO complex has in inducing ferroptosis, it is thought that DJA25 may have a function in preventing
or slowing ferroptotic cell death, a phenotype that can cause cancer cell death and neurotoxicity, among
others (Xie et al., 2016).
Project Mentor: Dr. Drew Adams, Department of Genetics and Genome Sciences

Effects of Prenatal Alcohol Exposure on DNA Methylation During Embryonic Heart Development
Caitlyn Gillespie, Department of Biology; Safdar Jawaid, Ph.D.; Stephanie M. Ford, MD1; Michael W. Jenkins2;
Michiko Watanabe, Ph.D.1

1 Department of Pediatrics, The Congenital Heart Collaborative, Rainbow Babies and Children’s Hospital, Case
Western Reserve University School of Medicine, Cleveland OH.
2 Department of Biomedical Engineering, Case Western Reserve University School of Medicine, Cleveland OH.
Fetal Alcohol Spectrum Disorders (FASDs), a spectrum of lifelong illness that includes physical,
behavioral, and learning problems, occur when a mother consumes alcohol while the baby is still in utero.
Published studies from our laboratory and others showed that avian embryos suffered lower survival and a
higher incidence of congenital defects, including heart defects, when exposed to prenatal alcohol. Ethanol
exposure is known to affect DNA methylation, which mostly involves the addition of methyl groups (CH3) to
the cytosine nucleotide (CpG) on DNA. DNA methylation guides embryonic development by regulating gene
expression at each step of development. A disruption of normal methylation could induce congenital defects.
We hypothesized that structural defects of the embryonic heart after ethanol exposure will be prevented by
co-exposure to methyl donors, including glutathione. We used our quail model of FASDs to determine
whether global methylation of DNA in the developing heart was decreased by ethanol exposure, as has been
reported for other embryonic tissues, and whether addition of methyl donors would prevent this decrease.
Our quail embryo model mimics one heavy (binge) drinking episode during the first trimester of
pregnancy when the mother may not know she is pregnant. Fertilized quail eggs were injected with 50%
ethanol solution during gastrulation. Experimental eggs were injected with glutathione and 50% ethanol;
control eggs received glutathione, saline, or no injection. These eggs were incubated for 8 days, then the fourchambered embryonic hearts were dissected and DNA extracted and analyzed. There was a significant
reduction in the amount of methylated DNA (CpG) in the ethanol treated embryo hearts compared to all
control groups. Glutathione reversed the lower methylation levels in the ethanol treated hearts, bringing it
back to the normal range. Glutathione by itself had no effects on DNA methylation. In conclusion, ethanol
exposure decreased the methylation of 8-day quail hearts, and methylation normalized with the concurrent
administration of glutathione. Future experiments will assess DNA methylation in day 3 embryonic hearts to
see how early this methylation difference occurs.
Project Mentors: Dr. Michiko Watanabe Ph.D., and Dr. Safdar Jawaid, Ph.D., Pediatric Cardiology Research
Laboratory

Cannabidiol (CBD) as an inflammation suppressor during systemic infection in rats

Patricia González Pagán1, Kofi-Kermit A. Horton2, Caitlyn Clifford2, Thomas E. Dick2, Frank J. Jacono2,3,
Kingman P. Strohl2,3

1Department

of Chemistry, College of Natural Sciences, University of Puerto Rico – Río Piedras, San Juan, PR

00925
2Division

of Pulmonary, Critical Care and Sleep Medicine, Department of Medicine,
Case Western Reserve University, Cleveland, OH 44106, USA

3Division
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The endocannabinoid system (ECS) is a key co-regulatory link between the central nervous system (CNS) and
the immune system. It protects the CNS and peripheral tissues from potent local immune reactions. The ECS
is made up of cannabinoid receptors (1 and 2), endogenous ligands, and proteins for endocannabinoid
synthesis and deactivation. When activated, the receptors can inhibit the secretion of pro-inflammatory
cytokines from activated astrocytes and macrophages. Cannabidiol (CBD) exhibits inverse agonist properties
at CB2 and may prove useful as an inflammation suppressor during systemic infection. Ventilatory pattern
data provides evidence of brainstem inflammation during the initial hours of sepsis and a mechanism to
confirm infection. We hypothesize that administration of CBD during the initial phase of a systemic infection,
in a sepsis E. coli rat model, will enhance expression of ECS immunomodulatory genes. Rats (n=8) were
implanted with a fibrin clot containing 100 × 106 E. coli and separated into vehicle and CBD (10 mg/kg)
treatment groups. 12 h following clot implantation lung and medulla tissue were harvested; mRNA was
extracted, and reverse transcribed to cDNA. Quantitative real-time PCR was performed using TaqMan Gene®
Expression Assays specific for 18S ribosomal RNA (18S), Glyceraldehyde 3-phosphate dehydrogenase
(Gapdh), beta actin (Actb), cannabinoid receptor 1 (Cnr1) and 2 (Cnr2), fatty acid amide hydrolase (Faah) and
monoacylglycerol lipase (Mgll). Ventilatory patterns were recorded prior to inoculation and harvest. Results
show that CBD treated rats expressed less Cnr1, Cnr2 and Mgll mRNA in both central and peripheral tissues.
Faah expression was increased in peripheral but decreased in central tissue. These results do not support our
initial hypothesis but suggest that CBD administered during systemic infection decreases the expression of
ECS mRNAs. Ventilatory patterns show that, frequency increases as the time progresses after inoculation for
vehicle rats and CBD treated rats. This result suggests decreased variability in the ventilatory pattern as
evidence of brainstem infection in the rats.
Project Mentor: Thomas E. Dick, Department of Medicine,
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Baseline Evaluation of PV Packaging Materials
Joydan Grant- Department of Mechanical Engineering, Tuskegee University; Menghong Wang, Department of
Material Science & Engineering

Photovoltaic (PV) modules are exposed to different sets of external stressors that can affect their efficiency
and lifetime. These external stressors include UV radiation, temperature and humidity cycles, rain, snow, hail,
sand, and/or salt, which can affect PV modules’ efficiency, stability, and operating lifetime. In my research, I’m
taking a control group of coupon samples with varying backsheet and encapsulant, and measuring them using
UV-vis spectrometer and FTIR to use as a baseline for accelerated UV exposed samples. By doing this, we can
monitor solar packaging materials’ degradation over the course of accelerated exposure and its correlation to
the relationship between climate, degradation of polymeric materials, and degradation of PV modules.
Project Mentor: Professor Laura Bruckman, Department of Material Science & Engineering

Fabrication and Characterization of Microfluidic Enabled Neural Drug Delivery Devices
Lindsey Greenwood, Department of Biomedical Engineering, Allison Hess-Dunning, APT Center, the Louis
Stokes Cleveland Department of Veteran Affairs Medical Center
Intracortical brain machine interfaces can restore independence to individuals with tetraplegia and to
improve prosthetics using electrical signals recorded from individual neurons. However, long-term viability
of intracortical implants has been limited by a combination of device and biological failures. One suggested
contributor to the decline of device functionality is the biological tissues response to the implant which
results in glial scarring, neuronal dieback, and the accumulation of reactive oxygen species. Previous studies
indicate that the tissue response can be attenuated with the use of mechanically-compliant implants and by
releasing the antioxidant resveratrol. However, the previously short period of resveratrol release limited the
duration of tissue response improvement. Therefore, our goal for this project is to use polymer
nanocomposite implants with integrated microfluidic channels to release anti-oxidative agents that mitigate
the tissue response; allowing for the implant to record stable, high-quality signals for much longer. The
polymer nanocomposite is made of a polyvinyl acetate matrix with a cellulose nanocrystal nanofiller. The
microfluidic probes are microfabricated by thermally bonding channel layers patterned by soft lithography to
a laser-micromachined capping layer. Once prepared, the probes are individually cut out by lasermicromachining. The testing process involves attaching working probes to a testing unit and running dye
through probes that are suspended in a 0.6% agarose gel. The dry concentration in the gel was then analyzed
using microliter-scale photospectrometry determine the permeability for each material variant. This data will
be used to optimize device design as we move toward pre-clinical in vivo studies.
Project Mentor: Allison Hess-Dunning, APT Center, the Louis Stokes Cleveland Department of Veteran Affairs
Medical Center

Cervical Sympathetic Chain Stimulation Decreases Upper Airway Pressure via α-adrenergic
mechanism
Holly Johnson, Department of Biological Sciences, Ohio University

Within the United States, there are currently 25 million adults afflicted with sleep apnea (SA). One source of
sleep apnea is upper airway blockage that cause a pause in breathing, known as apneas. Stimulation of the
cervical sympathetic chain (CSC) decreases the upper airway pressure (UAP) in anesthetized rats, thus
opening the upper airway. Since sympathetic adrenergic nerves influence dilation and constriction of nasal
mucosa blood vessels, I tested the hypothesis that the adrenergic system mediates the effect of CSC
stimulation on UAP. Urethane-anaesthetized male Sprague-Dawley (SD) rats and pathologic Zucker Fat (ZF)
rats were instrumented to measure cardio-respiratory parameters. The CSC was dissected and cuffed with a
stimulating electrode. CSC stimulation (parameters: 0.2 mA, 0.2 ms, 7.5 Hz) mediated effects on UAP and
cardiorespiratory parameters were assessed. Subsequently, either phentolamine (α-adrenergic receptor
antagonist) or propranolol (β -adrenergic receptor antagonist) were injected intravenously. The CSC
stimulations were repeated, and UAP and cardiorespiratory parameters were re-assessed. Phentolamine (2.5
mg/kg) reduced CSC stimulation effect on UAP from -11.16 ±5.15 mmHg to -6.10 ±5.48 mmHg (45% less
effective) while propranolol (1 mg/kg) did not significantly reduce UAP. Heart rate, BP, and respiratory rate
did not show significant differences compared to pre-pharmacological intervention. These results indicate
that the α-adrenergic system mediate the effect of CSC stimulation decreasing upper airway pressure.
Targeting this pathway either via bioelectronics or pharmacologically may be a future therapeutic option for
treatment of sleep apnea.

Project Mentor: Dr. Yee-Hsee Hsieh, Assistant Professor, Division of Pulmonary, Critical Care, and Sleep Medicine,
Department of Medicine, University Hospital Cleveland Medical Center, Case Western Reserve University
Faculty Mentor: Dr. Woineshet Zenebe, Division of Pulmonary, Critical Care, and Sleep Medicine, Department of
Medicine, University Hospital Cleveland Medical Center, Case Western Reserve University

Mapping the Binding Sites of Monoclonal Antibodies to Protease Activated Receptor 3 (PAR3).
Jaylon Johnson, Department of Pharmacology; Dr. Marvin Nieman, Department of Pharmacology

Protease Activated Receptor 3 (PAR3) is a G-protein coupled receptor (GPCR) that is activated by cleavage of
its N-terminal extracellular domain. This reaction generates a tethered ligand, which initiates downstream
signaling by binding to the receptor. The lab has generated monoclonal antibodies to PAR3 to determine the
expression and function of PAR3 in cells. The goal of this study is to characterize monoclonal antibodies
directed to PAR3 by mapping their binding sites. This will allow us to group the antibodies by epitope
and determine how they can be used experimentally. The mapping studies were done in vitro using a
recombinant maltose binding protein (MBP)-PAR3 fusion protein and on HEK293 cells. Thrombin treated
samples were compared to controls to determine the antibody binding site relative to the thrombin site at
Arg38. In this project, there were two underlying topics that were analyzed to determine where monoclonal
antibodies bind. The monoclonal antibodies were introduced on a Maltose Binding Protein PAR3 construct and
in HEK293 transfected cells. Multiple strategies were used to determine the efficiency of the antibodies and its
binding location, such as western blotting and protein assays.
Project Mentor: Dr. Marvin Nieman, Department of Pharmacology

Structure Dynamics of HIV ESS2p and its Effect on Molecular Recognition
NaShea Kendrick, Department of Chemistry; Liang Yuan Chiu, Department of Chemistry; Blanton Tolbert,
PhD, Department of Chemistry
Heterogeneous nuclear ribonucleoproteins (hnRNPs) are a family of RNA binding proteins that are
multifunctional. They are the most abundant in eukaryotic nuclei and are largely responsible for alternative
splicing mechanisms in HIV. The hnRNP D protein, also known as AUF1, binds to AU-rich elements located in
the 3’ untranslated region of mRNAs to modulate stability, therefore affecting protein expression. RNA
secondary structure prediction technology for the HIV exonic splicing silencer (ESS2p) indicates major and
minor secondary structure conformations that contain 1 or 2 AU-rich looped regions that are potential AUF1
bind sites. Therefore, we hypothesize that AUF1 will bind with ESS2p in a 1:1 or 2:1 fashion. In this project,
we aim to depict the effect RNA dynamics have on the binding affinity of AUF1 to ESS2p. In order to study the
effect of conformation dynamics, a U9C mutation of the ESS2p wildtype RNA was made to lock the structure
in its minor conformation. Combining SAXS and NMR techniques, we aim to solve the solution structure of
ESS2p U9C. Furthermore, to test our hypothesis, we used ITC, NMR titration and native gel binding assays to
characterize binding stoichiometry between AUF and ESS2p/ ESS2p mutation. The observed H 2 O NOESY
spectrum of ESS2p U9C matches the middle stem region of the RNA secondary structure prediction. The
majority of peaks on the D 2 O NOESY spectrum for ESS2p U9C were assigned, specifically on the upper stem
and apical loop. The sequential NOE assignment of RNA residues was obtained by observation of aromatic
and sugar NOE cross peaks. This information has been used in the structure calculation for ESS2p U9C
construct. Moreover, HSQC titration experiments with AUF/ESS2p U9C and AUF/ESS2p WT showed no major
difference in the binding interface, which may indicate the second AU loop on the U9C mutant is too small for
binding or too unstable for binding to be favorable.
Project Mentors: Liang Yuan Chiu and Blanton S. Tolbert, Department of Chemistry

Optimization of an intact tissue staining protocol for mouse kidneys using Microscopy with Ultraviolet
Surface Excitation (MUSE)
Monty Khela, Department of Biology; Chaitanya Kolluru, Department of Biomedical Engineering; and David
Wilson, Department of Biomedical Engineering

The examination of tissues in histology is critical since it provides insight into the overall tissue structure as
well as nuclear arrangement, thereby guiding disease diagnosis. However, the current method uses bright-field
light microscopy which requires the creation of very thin tissue sections (thickness usually about a few
microns). This involves multiple steps including tissue fixation, embedding, sectioning, and staining, with the
entire process taking roughly 2-3 days. Intact tissue staining prior to embedding is a way to speed up the
process since it alleviates the need to stain individual tissue sections after sectioning. In this work, we optimize
a mouse kidney staining protocol with two fluorescent dyes, Hoechst 33342 (binds to A-T regions in the DNA)
and Rhodamine B (stains cytoplasm). The ability of these dyes to exhibit fluorescence at ultraviolet
wavelengths is advantageous since ultraviolet illumination penetrates only 5-10 microns into the tissue,
allowing inherent optical sectioning. Stained tissue was embedded in agarose gel and 200-micron thick sections
were cut using a vibratome. Sections from various depths within the tissue were imaged using a large field of
view microscope to compare staining efficacy in both the cortex and medulla regions. This optimal intact tissue
staining protocol lays the groundwork for (a) staining other tissues of interest such as the brain, and (b) testing
other suitable embedding materials such as methacrylate resins. We believe that serial sectioning and imaging
technologies could be applied to such pre-stained and embedded tissue to generate fully 3D, histology-like
image volumes.
Project Mentor: David Wilson, Ph.D., Biomedical Engineering
Faculty Sponsor: Professor Barbara Kuemerle, Department of Biology

Optimization of the Material Manufacturing Process for a High Viscosity, Low Quantity Silicone-gold
Composite
Madeline Lindemann, Department of Mechanical Engineering; Kevin Malerick, Department of Biomedical
Engineering; and Shyam Polaconda, Department of Biomedical Engineering

Neural cuffs encapsulate a section of a patient’s nerve and provide a platform for the nerve to be stimulated.
However, neural cuffs are not customized to patient’s anatomy and require invasive surgery for implantation.
A minimally invasive injectable electrode addresses this issue by enabling surgeons to inject a pre-cured
silicone/metal composite around the nerve. The material cures in vivo and conforms to the desired section of
nerve, forming the ‘last-mile’ connection. A tunneled wire or RF-coil electrode is embedded in the material to
provide electrical stimulation pulses. The injectable electrode, or Injectrode™, consists of a two-part silicone
elastomer and gold particles that must be mixed prior to injection. However, within minutes of mixing at
room temperature, the material begins to cure, and the rapid increase in viscosity leads to mixing difficulty
and material inhomogeneity. The obstacles of silicone mixing have been addressed in a large scale industrial
setting, but the high monetary value of Injectrode material (in particular, the gold filler) requires mixing at a
lower volume. This project determines the optimal mixing process based on the unique requirements derived
from this particular material. After several mixing options are considered, both the planetary centrifuge and
syringe mixer are selected and tested in order to determine the best purchasing option.
Project Mentor: Professor Andrew Shoffstall, Department of Biomedical Engineering

Sexual Dimorphism of Myeloid-Derived Suppressor Cell Subsets in Glioblastoma
Alice Lo, Department of Biology; Daniel Silver, Department of Cardiovascular and Metabolic Sciences, Lerner
Research Institute, Cleveland Clinic; Tae Hyun Hwang, Department of Quantitative Health Sciences, Lerner
Research Institute, Cleveland Clinic; Ahmad Khalil, Department of Genetics and Genome Sciences; Case Western
Reserve University, Feixiong Cheng, Genomic Medicine Institute, Cleveland Clinic; Defne Bayik, Department of
Cardiovascular and Metabolic Sciences, Lerner Research Institute, Cleveland Clinic; Justin D. Lathia, Department of
Cardiovascular and Metabolic Sciences, Lerner Research Institute, Cleveland Clinic.
Glioblastoma (GBM) is the most common primary malignant brain tumor with a current median survival
rate of around 18-20 months even with intense chemotherapy and radiation following resection. One of the
reasons for the poor prognosis is the highly immunosuppressive microenvironment. The tumor microenvironment
consists of myeloid-derived suppressor cells (MDSCs) that interact with GBM cancer stem cells. These MDSCs are
split into two groups: monocytic myeloid-derived suppressor cells (mMDSCs) and granulocytic myeloid-derived
suppressor cells (gMDSCs). These subsets have different markers and phenotypes that can influence tumor
immune suppression via distinct mechanisms. It has also been observed that there is a sexual dimorphism in the
GBM patient population as indicated by higher incidence rates and poor prognosis in males. This research is
concerned with understanding the role of MDSC subsets and sex differences in GBM tumor progression and
treatment. In order to further understand subsets of MDSCs, quantitative PCR (qPCR) was done to quantify
differences in specific immunomodulatory markers expressed by gMDSCs and mMDSCs. Differences between
expressions were evident between gMDSCs and mMDSCs suggesting differing phenotypes. To further understand
the sexual dimorphism present in GBM, we used the syngeneic mouse glioma model GL261. Tumor and blood
samples were collected and gMDSCs and mMDSCs were quantified. We found that mMDSCs were more prevalent
in tumors and their frequency was significantly higher in males. It was also seen that there was a significant
decrease in gMDSCs in male tumor, but higher gMDSCs in female blood. To further illustrate how differential
expression profile can inform the therapeutic targeting of MDSC subsets, RNA-seq was done to evaluate significant
markers of mMDSCs and gMDSCs. Computational analysis was then done with identified genes to predict drugs
that could target each subset. Thus, drug concentration tests were done in vitro yielding significant decrease in the
generation of MDSC subsets per target drug. This could lead to more personalized therapeutics for patients in
order to increase prognosis and livelihood.
Project Mentor: Defne Bayik, Department of Cardiovascular and Metabolic Sciences, Lerner Research Institute,
Cleveland Clinic; Justin D. Lathia, Department of Cardiovascular and Metabolic Sciences, Lerner Research Institute,
Cleveland Clinic.

Protein expression and purification of the N-terminal transactivation domain of estrogen receptor

Jiahui Ma, Department of Nutrition; Zhanwen Du, Center for Proteomics and Department of Nutrition

It is known that the structure of a protein determines its biological mechanism and binding
interactions. However, there are a large number of functional and important proteins which lack or contain
regions that do not have a fixed three-dimensional structure in varying degrees, called intrinsically
disordered proteins (IDP). The majority of IDPs play important roles associated with disease and thus can be
potential drug targets. Because of their disordered nature, traditional methods alone are inadequate to
characterize these proteins. Thus, new methods to study IDPs must be developed, so it can lead to the
discovery of new mechanisms of function in biological processes and the treatment of disease which involves
them.
The estrogen receptor α (ERα) is a steroid hormone critical for gene regulation and development of
breast cancer cells. It is one of the known that contains regions of intrinsic disorder in the N-terminal domain
(NTD) and plays an important role in hormone treatment of breast cancer. Due to limited background of ERαNTD, and difficulties of studying IDP, which overlaps with important sites for its activation function,
therefore, studies were conducted including nuclear magnetic resonance(NMR) to better understand the
disordered nature of ERα-NTD.
Native state of ERα-NTD proteins as well as mutated states were both studied. We started with
plasmid transformation of BL21(DE3)b providing grown-up colonies. Through continuing protein expression,
bacteria were collected through centrifuge. Then, during the steps of protein purification, cell lysis and
fractionation using sonication were first performed. Afterwards, the cells are solubilized in order to remain in
the supernatant. Talon resin is then used to bind to the samples and remove the his-tagged NTD, his-tag and
TEV for affinity purification.

Faculty project mentor: Sichun Yang, Center for Proteomics and Department of Nutrition

Spectral Wavelength Dependence of Polyurethane Degradation
Kameron MacKenzie, Department of Electrical Engineering and Computer Science; Laura Bruckman,
Department of Materials Science and Engineering; Ina Martin, Department of Materials Science and
Engineering

Polyurethane (PUR) composites are widely used as exterior building materials, subjected to the
accompanying outdoor weathering conditions from light and humidity. The substrates of these materials are
often given outer coatings in the form of primers and paint which protect the underlying polymer composite
from ultraviolet light induced damage. However, visible light may still be transmitted with the potential for
degradation. We investigate this possibility further by studying the spectral wavelength dependence of PUR
and PUR composites’ degradation mechanisms. This is achieved by analyzing the accelerated, step-wise
weathering of two types of material: one of unfilled, raw polyurethane (B1) and another filled with Coal Creek
fly-ash (B2). The exposures are performed under accelerated conditions using a QSun Xe-3 Xenon test
chamber with full spectrum irradiance, humidity, and spray cycles. Several methods will be used to track the
progress of the samples, including fourier transform infrared spectroscopy (Agilent Cary 630), colorimetry
(HunterLabs UltraScan Pro), surface profilometry (Nanovea ST400 Profilometer), and optical photography
(Samsung NX1000 Camera). These measurements will allow for the tracking of chemical, physical, and visual
changes of the samples as they undergo 2000 total hours of exposure. The raw data will be analyzed using
base R and a variety of supporting packages to identify the varying rates of sample degradation. Currently, the
samples have reached just over half of their full exposure length, and preliminary results using these metrics
help to illustrate the contribution of visible light to the degradation pathways of PUR and its composites.
Project Mentor: Professor Laura Bruckman, Department of Materials Science and Engineering

A powerful and high-sensitivity mass spectrometry-based assay for HIV-1 protease processing of
Gag and Gag-Pol polyproteins in cells and viruses.
Maggie Nageotte, Chemical Engineering at Northwestern University

The HIV-1 protease (PR) functions as a dimer; however, only a single monomer is contained within
each Gag-Pol polyprotein and homodimerization during or shortly after viral budding is required for
autocatalytic processing (‘autoprocessing’). In contrast to the mature PR, much less is known about the
dimerization and autoprocessing of the PR precursor, particularly under physiological conditions in intact
viruses. This research assesses the timing and order of precursor PR activation during and shortly after
the budding process to resolve long-standing questions about precisely when PR is activated and how
premature activation is prevented. We are developing an assay to use selected reaction monitoring (SRM)
mass spectrometry (MS) to monitor and quantify PR cleavage of the Gag and GagPol substrates. Using MS,
we detected both unprocessed and processed peptides at 8 of the 11 PR cleavage sites in Gag and GagPol.
In this project, we compared different methods of digesting and cleaning up samples for MS to determine
which were optimal for monitoring PR cleavage of its substrates. This assay will enable us to answer
several important and long-standing questions of precursor PR autoprocessing and activation under
physiological conditions. Understanding these steps is essential to understanding viral morphogenesis
and would facilitate the development of a new class of antiretroviral drugs targeting precursor
dimerization and autoprocessing rather than the mature PR active site.

Project Mentor: Daniela Schlatzer, Center for Proteomics and Bioformatics
Faculty Sponsor: Professor John Tilton, Department of Nutrition

Quality Assessment of Student Athletes’ Dietary Intake According to the Dietary Guidelines for
Americans
Lauren Obman, Department of Nutrition; Dr. Lynn Kam, Department of Nutrition; Jane Carsey, Department
of Nutrition

The Healthy Eating Index (HEI) was created in 1995 by the USDA as a way to numerically assess how well the
typical American diet aligns with the recommendations of the Dietary Guidelines for Americans. The HEI is
updated every five years with the adjusted guidelines as a validated way for dietitians to score the qualitative
intake of food and beverages of people ages two years of age and older. The purpose of this study was to
utilize the scoring of HEI to determine how student athletes’ dietary intake scored in comparison to the
Dietary Guidelines for Americans as well as to the average for their age group. We collected data from various
Division III college athletes located in Ohio. Subjects recorded their intake of all food and beverages
consumed over a period of three days in extensive detail, such as quantity and cooking method. This data was
processed using the specific scoring guidelines of the HEI and reflected that most student athletes scored
below the average HEI score for Americans ages 18-64. Furthermore, no student met the Dietary Guidelines
for Americans, suggesting subjects have a lack of nutrients they may need in order to perform well in their
field. This indicates that better nutritional education is needed in order for athletes to compete at their full
physical potential.
Project Mentor: Dr. Lynn Kam, Department of Nutrition

Assisted Automated Earth Modeling in R
Long (Lucas) Pham, B.S. Data Science & Analytics, Department of Electrical Engineering and Computer
Science
Abstract:

Petroleum-based Earth Modeling is the construction of a static “digital twin” of subsurface formations and
their associated rock properties. The process of building earth models is rigorous and time-consuming
involving data QC, spatial modeling, interpolation, simulation, and post-processing. Earth modeling is a
recipient of large set of interpreted data usually consisting of geophysical and electrical well log
measurement (referred to as point data), geophysical seismic data (2d cross-sectional and/or 3d volume,
referred to as line or volume data), and a knowledge of depositional, burial, physical, mechanical, and
chemical process. Given that much of the modeling workflow is well established today, the purpose of this
research is to direct Earth Modeling toward big data analytics and automation. Although complete
automation could be possible, an unsupervised process would be open to expensive mistakes like poor
acreage acquisition for exploration, or drilling a well in the wrong location. While on the other hand, semiautomation allows experts to intervene as necessary to override some automatically selected processes based
on experience, and to input conceptual information (information that has not been “learned”, often a pitfall in
machine learning). The principle steps identified for automation and/or semi-automation include data QC,
spatial modeling, interpolation, and simulation. This presentation demonstrates the use of numerous
statistical and interactive R libraries woven together not only to display interactive dashboards, calculate
data’s lower and upper limits, and execute outlier analysis, but also to perform additional QC operations,
spatial modeling, interpolation, and simulation. Using a relatively large 2d data set of 262 wells containing
outlier(s), this program can produce the output as a set of 2d digital representations that can be visualized as
maps and used for resource assessment and drill site locations. The future of this process is not only to test
run on multiple different new 2d data sets, but also to further develop 3d analysis, which would be valuable
for other downstream activities such as input into dynamic fluid flow simulation, wellbore design and drilling,
and well completion engineering.
Project Mentor: Professor Jeffrey Yarus, Department of Data Science, Case School of Engineering
Professor Beverly Saylor, Department of Earth, Environmental, and Planetary Sciences,
College of Arts and Sciences
Professor Roger French, Department of Materials Science and Engineering, Case
School of Engineering

Feature Extraction, Machine Learning for Degradation Classification of Solar Modules
Benjamin Pierce, Department of Electrical Engineering and Computer Science; Ahmad Maroof Karimi,
Department of Electrical Engineering and Computer Science; Roger H. French, Department of Materials
Science and Engineering

In order to characterize the degradation of solar modules, it is necessary to systematically recognize
common faults, such as cracks and corrosion. This information can be useful in a multitude of ways, such as
comparing failure models of different brands or types of cells (such as newer PERC modules vs. traditional AlBSF). The process of electroluminescence imaging can illuminate these faults such that image processing
techniques can identify them. EL imaging essentially reverses a solar panel; electricity is applied, and the
panel emits light detectable by a camera. Both supervised (via C.N.N.) and unsupervised models can be
applied; currently, the focus is on improvement of the unsupervised approach. Feature extraction, a pivotal
step to computer vision, is used to produce localized descriptions of relevant regions in an image. In order to
identify features, numerous feature extraction algorithms have been applied, which yield feature vectors that
are invariant to location, scale, and orientation, as opposed to simple Haralick features. The resulting feature
vectors can be clustered via K-means and/or agglomerative clustering and a bag of visual words can be
constructed that can identify similar features across a sample set. This methodology allows clustering around
a large number of unidentified features both apparent and non-obvious to human inspection.

Project Mentor: Professor Roger H. French, Department of Materials Science Engineering

Endothelial AKT and HIF survival signals in response to 5-Fluorouracil
Roberto Ramirez, Cardiovascular Research Institute; Vishal Senthilkumar, Cardiovascular Research
Institute; Nikita Davidenko, Cardiovascular Research Institute; Dr. Diana L. Ramirez-Bergeron, Cardiovascular
Research Institute
5-Fluorouracil (5-FU) is a commonly used myelosuppressive drug targeting proliferating cells. Our
previous in vivo studies showed ARNT∆iEC mice, lacking endothelial canonical hypoxia inducible factor (HIF)
activity, succumbed to 5-FU treatment. This observation suggested that the bone marrow (the principal site
for blood formation) endothelium needs to overcome reactive oxygen species (ROS) generated by
chemotherapeutic insults. HIF is a global transcriptional heterodimeric complex which promotes cell viability
and oxygen (O 2 ) availability in part by influencing the transcription of genes involved in cell survival,
angiogenesis, and red blood cell production. While normally degraded by O 2 , under hypoxic conditions the
HIF-𝛼𝛼 subunit is stabilized and dimerizes with the aryl hydrocarbon receptor nuclear translocator (ARNT,
HIF-1β). We hypothesized that endothelial-HIF plays an important role to their protection from 5-FU, and
ROS, through the activation of the AKT pathway. AKT (Protein Kinase B), is vital to cellular stress responses
by promoting cell survival and growth. To test our hypothesis control and ArntKO endothelial cells were
exposed to 5-FU ± N-Acetylcysteine (NAC), a powerful antioxidant. Measurements of AKT activation by
western blot following culture conditions of normoxia (12% O 2 ) or hypoxia (2% O 2 ) showed differences
between the treatments. The cytotoxicity effects of 5-FU as a consequence of either HIF and/or AKT (using
upstream inhibitor LY294002) were measured by MTT viability assay. Our results suggest that HIF and AKT
have an important relation in facilitating the responses by the endothelium to myeloablation treatments
which are critical to controlling the regeneration and recovery of the bone marrow.
Project Mentor: Dr. Diana L. Ramirez-Bergeron

Exploring The Causes and Effects of Selective Mutism in Children and Parents
Zaria J. Reed, Department of Psychology
Selective mutism is defined as an anxiety disorder where the person is capable of speech, but cannot
talk in certain situations or to certain people, usually co-existing with social anxiety or shyness. In the past, it
was called “elective mutism” due to the prevailing belief at the time that the child was electing not to speak.
Thus, despite it currently being known that it is anxiety that leads to the child experiencing difficulty speaking
in some situations, many teachers and parents view selective mutism as the child defiantly refusing to speak
even when capable of speech. In the current study we examined whether selective mutism is similar to other
anxiety disorders in that it is associated with parent characteristics such as parental anxiety, depression, stress,
and perfectionism.
A sample of 154 parents of children who parents identified as having been diagnosed with selective
mutism responded to online ads on social media and online groups for parents of children with selective
mutism. Parents completed online questionnaires, including measures of the child's selective mutism
symptoms, the child's anxiety symptoms (including generalized anxiety disorder symptoms, separation anxiety
symptoms, school anxiety symptoms, social anxiety symptoms, OCD symptoms, PTSD symptoms, and panic
disorder symptoms), and measures of characteristics of the parent including perfectionism, worry, stress,
anxiety, and depression.
Results indicated that parent characteristics were associated with the parent's report of the child's
anxiety symptoms for most anxiety disorders (Generalized anxiety disorder, separation anxiety, school phobia,
social phobia, panic disorder, and specific phobias) but were not associated with the parent's report of the
child's selective mutism symptoms. This may suggest that selective mutism is viewed differently by parents
than are other child anxiety symptoms and therefore it does not show the same pattern of associations as the
other anxiety disorders do. For example, many parents recognize their own symptoms of anxiety but are
surprised to learn that selective mutism is an anxiety disorder or that their child is experiencing paralyzing
anxiety when they have difficulty speaking. Informing parents about this may lead to them empathizing more
with their child. Alternatively, it may be that selective mutism is a unique anxiety disorder that simply is not
associated with parental characteristics. More research should examine whether parent conceptualizations of
selectively mute children predict the pattern of associations between parent characteristics and child selective
mutism symptoms.
Project Mentor: Dr. Amy Prezworski, Department of Psychology

Characterization of Copper Metabolism Regulators from Parasitic Schistosomes by
Functional Yeast Complementation
Khalani Reid, Department of Biology; Tuskegee University

Schistosomiasis is a chronic disease caused by parasitic schistosome worms that live in the
human bloodstream. Three major species infect humans: Schistosoma mansoni, S japonicum and S
haematobium. The parasite infects a host by directly penetrating human skin and eventually
residing in the mesentery of the liver or bladder in a species dependent manner. Our lab has
evidence that drugs affecting schistosome copper metabolism can negatively affect schistosome
viability. Copper is a vital metal that is responsible for functions including tissue development,
metabolism, and respiratory growth. We assessed the role of copper regulators in schistosomes, in
particular, the Copper Transport Protein 1 (CTR1) which encodes a copper specific uptake protein.
While genetic manipulation to knockout or inactivate genes in schistosomes is challenging, it is not
difficult in many model organisms such as yeast. The budding yeast Saccharomyces cerevisiae also
has a conserved CTR1 encoding gene and an associated copper regulatory pathway. Here, we test
whether the schistosome CTR1 proteins can rescue the function of a yeast CTR1 null mutant. These
studies will provide an initial platform for understanding copper regulation in a parasitic worm.
Project Mentor: Professor Emmitt Jolly, PhD., Department of Biology

Effect of Cytosolic Calcium Concentrations on Lytic Cell Death and Membrane Repair
Elias Seise Department of Biophysics and Physiology, Case Western Reserve University; Doctor of Medicine,
Meharry Medical College
Calcium has been identified to contribute to both cell lysis and membrane repair through the activation of calpain, a
calcium-activated protease, which cleaves proteins that weaken the cell wall but also proteins to repair the cell wall.
Calpain can cleave vimentin, leading to weakening of cytoskeletal structure or dysferlin, leading to membrane
repair. The mechanisms for what stimulates calpain to act in one way or the other have not been defined. This study
aims to help identify how calpain activity may be affected by manipulating cytosolic calcium concentrations and
inflammasome signaling; inflammasomes are signaling complexes that mediate both inflammatory IL-1 cytokine
secretion and lytic cell death following a decrease in cytosolic potassium. To stimulate the inflammasome response
we are using reagents that permeabilize the membrane to potassium thus activating the intracellular inflammatory
pathway. Indicators of cell function are being analyzed using synergy HT immunofluorescence, cell death assays,
and western blot analysis. We suspect that increases in cytosolic calcium drive calpain to cleave vimentin and
weaken the cell membrane and hasten lytic cell death in the presence of inflammasome activation. Inflammasome
signaling is hypothesized to have a conformational effect on calpain. We are measuring calpain activity in murine
bone marrow derived macrophages (BMDM) that are: 1) induced with inflammasome pharmacological activators by
decreasing cytosolic potassium; 2) induced with calcium stimuli alone; and 3) induced with inflammasome stimuli
plus calcium stimuli. These tests are in the presence or absence of calpain inhibition to confirm its involvement. We
are determining the kinetics of cell lysis based on their response to the listed conditions using Synergy HT
immunofluorescence and measured the degree protein of cleavage using western blot analysis. A limitation of this
study applying to clinical medicine include its specific focus on the macrophage cell line derived from murine bone
marrow. Mouse and human cell models have shown to have differences in inflammatory signaling, however it can
provide a platform for human models.
Project Mentors: Dr. George Dubyak, Department of Biophysics and Physiology, Case Western Reserve University
and Ottis Bevel, Department of Biophysics and Physiology, Doctor of Dental Medicine, Case Western Reserve
University

The Effects of in Vivo and in Vitro Caffeine on Airway Reactivity in a Neonatal Mouse Model
Devine Shelton, Department of Biology; Catherine Mayer & Peter MacFarlane, Department of Pediatrics, Rainbow
Babies & Children’s Hospital, Case Western Reserve University.

Caffeine and continuous positive airway pressure (CPAP) are widely used in the intensive care of preterm infants.
Neonatal CPAP has been associated with airway hyperreactivity later in life in former preterm infants, while
caffeine has known anti-inflammatory effects and is a known bronchodilator. In this study, we investigated the
effects of in vivo and in vitro caffeine on airway reactivity in a mouse model of neonatal CPAP. Mice received CPAP
daily (3hrs/day) for the 1st week of postnatal life and were given daily subcutaneous injections of caffeine
(10mg/5ml). On day 21, the mice were sacrificed and their lungs were harvested to assess airway reactivity to
methacholine challenge. Separate lung tissue was taken and ran through a caffeine dosage response with a wide
range of concentrations to investigate the difference in contractibility of the airways between the mice exposed to
CPAP versus the mice exposed to room air. CPAP increased airway reactivity compared to control mice. In vivo
administration of caffeine prevented the CPAP-induced airway reactivity demonstrating a potent protective effect.
Larger doses of caffeine applied to airways in vitro, however, caused airways to contract. These data suggest in
vivo delivery of caffeine has beneficial effects on airway reactivity following CPAP, but high doses of caffeine could
have adverse effects. These data contribute to our understanding of the potential beneficial and adverse effects
caffeine might have on lung development of preterm infants receiving CPAP.
Project Mentor: Peter MacFarlane, Department of Pediatrics, Division of Neonatology

PVDF MICROPHONE ARRAY FOR NONINVASIVE VASCULAR ACCESS MONITORING
Rohan Sinha, Department of Electrical Engineering and Computer Science; Binit Panda, Department of
Biomedical Engineering; Dr. Steve Majerus, Advanced Platform Technology Center

Vascular access provides a pathway to the bloodstream for drugs and devices. In hemodialysis, arteriovenous
fistulas (AVF) and grafts (AVG) are common means of vascular access given they provide high blood flow and
are easily cannulated. Vascular access stenosis (vascular narrowing) leads to increased risk of thrombosis
(access clotting). This or any other type of access dysfunction can lead to loss of access, hospitalization as well
as increased mortality rates. High pitched blood sounds (bruits) resulting from turbulent blood flow
secondary to the stenosis is one indication of dysfunction. Bruit changes can be represented and analyzed
digitally as phonoangiograms (PAGs). This project seeks to develop a non-invasive means of monitoring
altered bruits to indicate the approximate location and degree of stenosis in hemodialysis vascular access. To
support this research in humans, a prototype microphone recording array was developed. An 8x2 array of
2mm PVDF films was created on a flexible printed circuit board. The array used two parallel “branches,”
allowing the integration of microphones over a greater area without crosstalk. Furthermore, this branched
array style can be scaled to increase channel counts by simply adding more branches. Prototype arrays will
be placed along vascular access to record PAGs in vascular phantoms and human hemodialysis patients.
Project mentor: Dr. Steve Majerus, Advanced Platform Technology Center

Optimized methodology for product recovery following emulsion PCR: applications for amplification
of aptamer libraries and other complex templates.
Christine Smothers, Frances Payne Bolton School of Nursing; Grant O’Connell, Frances Payne Bolton School
of Nursing

Bias and background issues make efficient amplification of complex template mixes such as aptamer and
genomic DNA libraries by conventional polymerase chain reaction (PCR) methods difficult; emulsion PCR is
being increasingly used in such scenarios to circumvent these problems. However, before products generated
by emulsion PCR can be used in downstream workflows, they need to be recovered from the water-in-oil
emulsion. Often, emulsions are broken following amplification using volatile organic solvents, and product is
subsequently isolated through precipitation. Unfortunately, the use of such solvents requires the
implementation of special environmental controls, and the yield and purity of DNA isolated by precipitation
can be highly variable. Here, we describe the optimization of a simple protocol which can be used to recover
products following emulsion PCR using a 2-butanol extraction and subsequent DNA isolation by a
commercially available clean-up kit. This protocol avoids the use of volatile solvents and precipitation steps,
and we demonstrate that it can be used to reliably recover DNA from water-in-oil emulsions with efficiencies
as high as 90%. Furthermore, we illustrate the practical applicability of this protocol by demonstrating how it
can be implemented to recover a complex random aptamer library following amplification by emulsion PCR.

Project Mentor: Grant O’Connell, Frances Payne Bolton School of Nursing

Diabetes Inspired Culinary Education (DICE): Development of a Community Based Culinary
Nutrition Program for Children with Type I Diabetes
Rayanna Stevenson, Department of Nutrition; Dr. Catherine Rogers, Department of Nutrition

While Type I Diabetes Mellitus (TIDM) accounts for only 5% of the diabetic population in the U.S., the
prevalence of TIDM has been steadily rising over the past two decades, thus creating a need for effective
strategies that will assist individuals in managing this lifelong taxing autoimmune disease with the ultimate
goal of optimizing health and well-being. Given the direct connection between carbohydrate intake and blood
glucose levels, along with higher prevalence of disordered eating patterns and poorer qualities of diet in
individuals with T1DM compared with healthy counterparts, effective nutrition interventions are crucial to
the management of T1DM. Culinary medicine is emerging in the area of health promotion as early studies
have shown its potential for improving diet quality of individuals with Type 2 Diabetes Mellitus.
Unfortunately, culinary medicine has yet to be explored as a viable option for the management of T1DM.
Therefore, the aim of this study is to assess the efficacy of a community based culinary nutrition program
(Diabetes Inspired Culinary Education, DICE) for children with T1DM in creating positive, long-lasting dietary
and behavioral changes. Children 6 to14-years-old who have been diagnosed with T1DM in the past 5 years
will be recruited for the program along with their primary caregiver. The evidence and theory-based DICE
curriculum will be disseminated by a trained staff of registered dietitians, dietetic interns, and
graduate/undergraduate nutrition students. Implementation of the waitlist randomized controlled trial will
commence in the Fall of 2019 and will continue through the Spring of 2020. Program efficacy will be assessed
at the child, caregiver, and family level using surveys, biometric and anthropometric data, and dietary
assessments.
Project Mentor: Dr. Catherine Rogers, Department of Nutrition

Expectation and Desires of Adolescents in Weight Management Abstract
Joanne Tan, Department of Nutrition; Rosanna Watowicz, Department of Nutrition

Objective: Attrition in pediatric weight management clinics range from 27% to 73%; with most patients
leaving after the first or second appointment. Some studies have shown that one of the main reasons for
attrition is unmet expectations. We suspect that this is because of the structure or format of weight
management programs. We are seeking to find what adolescents expect from their treatment and with this,
help clinicians change their course of treatment to benefit patients further.
Methods: Flyers for recruitment will be sent out to local Cleveland hospitals sites and also sites across the
nation with pediatric weight management clinics. If a patient is interested in our study, they will be directed
to a REDCap survey link, which is listed on the flyer. The patient will be able to find out if they are qualified
for the study. In order to participate, patients must be 16-19 years old and suffering from severe obesity for
their age and sex. The definition for severe obesity in adolescents is having a BMI at or above the 120% of the
95th percentile for their age in months and sex or a BMI of 35 and above. After taking the survey and signing
consent forms, the patient will be prompted to pick an appointment time for a 20-30-minute interview. An
interview time will be coordinated with the patient. During the interview, we will be asking the patient
questions about their expectations for their weight management clinic. The interview will be transcribed and
then analyzed using qualitative methods.
Results: Data collection has not started yet.
Conclusion: With the results we obtain, we hope to help clinicians build better treatment plans and retain
patients.
Project Mentor: Rosanna Watowicz, Department of Nutrition

Think Outside the Nucleus: Role of UTX in Primary Cilia
Varna Thayaparan, Department of Biochemistry; Dr. Hong Qiu, Dr. Byron Lee, Department of
Cardiovascular and Metabolic Sciences at Lerner Research Institute

UTX is a histone demethylase with significant roles in embryonic development and cell
differentiation. Although primarily studied as a chromatin-modifier in the cell nucleus, findings of
UTX in the cytoplasm point to possible novel functions independent of histones. Preliminary results
from our lab show that UTX may interact with proteins that are related to cilia. Primary cilia are a
specific type of non-motile cilia that function in cell signaling and cell cycle regulation. This research
aims to investigate whether UTX plays a role in the primary cilium. A Western blot allowed us to
detect expression of UTX in two mouse cell lines, NIH-3T3 and IMCD3. Immunofluorescence
experiments then allowed us to investigate the subcellular location of UTX in relation to two other
proteins: ARL13B and acetylated α-tubulin. ARL13B is a small GTPase that localizes within the cilium,
while acetylated α-tubulin is a component of microtubules, which form the cilium. Our results
showed that UTX was expressed in both cell lines. Additionally, staining with ARL13B showed that
some IMCD3 cells expressed primary cilia. Further experiments should examine a greater number of
cells that express cilia in order to determine whether UTX may have a role. Since the UTX protein is
frequently mutated in several types of cancer, understanding its full range of functions may provide
further insight into the disease.
Project Mentor: Dr. Byron Lee, Department of Cardiovascular and Metabolic Sciences at Cleveland Clinic
Lerner Research Institute

Tech Support Hypertension Study
Anastacia Vance, Department of Biology

Hypertension is when the force of blood against artery walls is too high. It can be managed before it leads to
severe problems such as heart attacks or strokes. Also, The main group in the United States afflicted by this is
African Americans. In this study, patients were given materials to help lower their blood pressure. Each week
the patients received informational videos on how they can improve their blood pressure. These patients had
to have 3 visits: baseline, 8 weeks, and 12 weeks. They were also given blood pressure monitors and logs to
track their progress in between visits. Around 8 and 12 weeks they had to go through an MRI on their brain to
see how it responds to said videos. By completing all this we predict that the patients would have received
most of the information and tools they needed to lower their blood pressures.
Project Mentor: Carolyn Still, Case Western Reserve University, School of Medicine, Cleveland OH, USA

Tight Junction Protein, Claudin-1, Associates with a Lipid Raft in Intestinal Epithelial Cells That
Displays a Unique Detergent Sensitivity
Leeanne M. Vázquez Ramírez, Department of Biology; Jeffrey A. McCausland, Ph.D., Department of Molecular
Biology and Microbiology; Alan D. Levine, Ph.D., Department of Molecular Biology and Microbiology

The tight junction (TJ) complex is composed of a family of membrane-associated proteins that maintain semipermeable barriers between adjacent cells and protects the host from microbes present in the lumen. One
important mechanism for organizing biological complexes in the plasma membrane is to incorporate proteins
into detergent-resistant microdomains, or lipid rafts. The association of Claudin-1, a transmembrane protein,
with lipid rafts is controversial because it seems to be contingent on the concentration and type of non-ionic
detergent. Our hypothesis is, for any given detergent, there’s a range of acceptable concentrations that
effectively preserve Claudin-1-associated raft structure in a targeted cell type. We focused this project on the
structure
of
TJ-associated lipid
rafts
in
Caco-2
cells.
Since
adherent
cells
are routinely detached from their growth substrate with the protease trypsin prior to raft isolation,
we also investigated the effect of this protease on Claudin-1 stability and structure. Lipid rafts were
distinguished from non-raft regions of the plasma membrane by their low-density fractionation properties. Our
results show that less Claudin-1 associates with lipid rafts when cells were isolated in the presence of
trypsin, suggesting that trypsin preferentially targets raft-associated Claudin-1. To characterize the detergentresistant properties of Claudin-1-associated rafts, we evaluated the ability of various concentrations of Triton
X-100 (TX-100) to preserve lipid raft structure. In Caco-2 cells, maintenance of a Claudin-1-associated lipid
raft requires a ten-fold lower concentration of TX-100 than that used in other cell types, e.g. immune cells,
suggesting that the lipid microenvironment and composition of rafts is cell-type specific.
Project mentors: Dr. Jeffrey A. McCausland, Department of Molecular Biology and Microbiology; Dr. Alan D.
Levine, Department of Molecular Biology and Microbiology.

Role of residual muscles in electrical stimulation-induced sensations in lower limb amputees
Evan Vesper, Department of Biomedical Engineering, Department Electrical Engineering and Computer
Science, and Advanced Platform Technology (APT) Center, Louis Stokes Cleveland Veterans Affairs Medical
Center (LSCVAMC); Kevin Cheng, APT Center, LSCVAMC; Hamid Charkhkar, Department of Biomedical
Engineering and APT Center, LSCVAMC

Sensory feedback from prosthetic limbs through direct nerve stimulation can offer benefits such as better
prosthesis embodiment, yet there is little research on the effects of such sensory feedback in people with
lower limb amputation. Specifically, it is not well understood how this feedback could affect locomotion
dynamics by modulating muscle activity in ipsilateral and contralateral limbs. Although direct afferent nerve
activation contributes to most of the reported tactile sensation, it has been shown that muscles in the
residuum also play an important role in elicited proprioceptive sensations1. We hypothesized that direct
sensory stimulation of the nerve could trigger spinal reflexes and other upstream peripheral nerve pathways.
To examine this hypothesis, we designed and conducted an experiment on 3 transtibial amputees with nerve
cuff electrodes implanted around the sciatic and/or tibial nerves on the affected side; electrical pulse trains
that elicited either tactile or proprioceptive sensation in the missing limb were delivered to selected cuff
contacts for 3 seconds while the subject was either standing or squatting. Electromyography (EMG) from the
tibialis anterior, medial gastrocnemius, vastus medialis, and biceps femoris muscles in both legs were
collected during each trial. The collected EMG data were low-pass filtered, stimulation artifacts were
removed, and the mean average value for each muscle and trial was calculated. Preliminary data indicates
that sensory stimulation could trigger an initial direct activation of the ipsilateral medial gastrocnemius and
increased activation of the contralateral tibialis anterior, indicating a possible spinal reflex response. Our
observations are in agreement with prior work showing cutaneous electrical stimulation can elicit crossed
spinal reflexes. Future analysis should consider the temporal characteristics of the EMG response to
differentiate between long and short latency responses.
Project Mentor: Dr. Hamid Charkhkar, Department of Biomedical Engineering and APT Center, LSCVAMC

1K.

Cheng, H. Charkhkar, J. Yu, N. Makowski, R. Triolo, “Probing peripheral neural pathways in electrically stimulation induced sensation,”
NER'19: 9th International IEEE EMBS Conference on Neural Engineering. San Francisco, CA, Mar. 2019.

Light-Induced Damage to Prodrugs Metabolites in the Presence of DNA Nucleotides
Bradley Walker, Department of Chemistry; Luis Ortiz-Rodríguez, Department of Chemistry; Carlos Crespo,
Department of Chemistry.

Sulfur-substituted nucleobases, thiobases, are among the world’s leading treatments for
immunosuppression and chemotherapy. Prolonged treatment of patients with azathioprine (Aza), 6mercaptopurine (6MP) and 6-thioguanine (6tGua) has been associated with a 10-fold increase in basal cell
carcinomas and a 65- to 250-fold increase in squamous cell carcinomas due to exposure of these patients to
ultraviolet radiation from the sun. Our group has focused in developing a deeper understanding of the sunlightinduced physical and chemical properties of these prodrugs to provide crucial information about how to avoid
these side effects, but also to synergistically combine thiobases with light to develop targeted phototherapy for
the treatment of skin cancer. Two of the most studied thiobases are 6-thioguanosine (6tGuo) and 4thiothymidine (4tThd). 6tGuo is the cellular metabolite of the prodrugs, Aza, 6MP and 6tGua, while 4tThd has
been proposed as an effective photodynamic therapy agent. Both 6tGuo and 4tThd are metabolized into DNA
and, therefore, it is important to understand how these thiobases interact DNA when they are exposed to
ultraviolet radiation. In this poster, we quantify the photodegradation quantum yield of 6tGuo and 4tThd when
combined with the DNA nucleotides, adenosine monophosphate (AMP), guanosine monophosphate (GMP),
thymidine monophosphate (TMP), and cytidine monophosphate (CMP), under physiological conditions. Oneto-one mixtures of 6tGuo or 4tThd with each of the four DNA nucleotides were exposed to ultraviolet radiation
in the presence or absence of oxygen to further investigate the role of singlet oxygen and the nucleotides in the
photodegradation of 6tGuo and 4tThd. Support from the National Science Foundation (CHE-1800052) is
acknowledged.
Project Mentor: Carlos Crespo, Department of Chemistry

Examining the Relationship Between CDK5 and the Akt Pathway in γδ T cells using γδ Leukemia Cells
Jasmine Walker, Department of Human Health, Emory University; Suzanne Tomchuck, Ph.D., Pathology;

Brooke Holland, MRes, Pathology; Mari Dallas, MD, Pathology

Cyclin-dependent kinase 5 (CDK5) is a kinase that phosphorylates several proteins. CDK5 is essential
for brain development, and helps regulate some adult brain functions. CDK5 has an impact on T cell
migration, development, proliferation, and survival. CDK5 is often upregulated in cancer cells, causing
heightened proliferation, and cancer cell survival. Thus far, there is little information known about the impact
of CDK5 on γδ T cells. γδ T cells are responsible for initiating innate immune responses, and can also act as
antigen presenting cells for the adaptive immune response. The ability of γδ T cells to directly recognize
antigens from viruses, microbes and tumors and contribute to their destruction make these T cells ideal
candidates for immunotherapy. The Akt pathway contributes to the regulation of cell metabolism, survival,
growth, and proliferation, and the inhibition of components of apoptosis.
This project focused on discovering if there is a role for CDK5 in the Akt pathway of γδ T cells. γδ T
cell leukemia cell lines, Loucy and Peer, were treated with a CDK5 inhibitory peptide (CIP) that successfully
and specifically inhibits CDK5 expression. An additional sample of Peer cells were treated using the CRISPRCas9 method to silence the CDK5 gene, and also treated with CIP. We then performed Western blotting on the
different γδ T cell leukemia cell lines lysates.
Using the Western blotting technique, we viewed several proteins in the Akt pathway and upstream
of the Akt pathway. We observed no differences in total AKT expression across the samples, and small
decreases in AKT1 and phospho-AKT1 expression with CIP treatment. We observed strong expression of
mTOR across all samples, and small decreases in phospho-mTOR and PDK1 expression with CIP treatment, all
of which are upstream of AKT. We observed strong expression of GSK3β, Cleaved Caspase-9, and phospho-cRAF in both treated and untreated cells, which are all inhibited by AKT. Our results suggest that CDK5 may
regulate some proteins downstream of AKT. More research will need to be done to confirm these results, and
further explore the relationship between CDK5 and γδ T cells.
Project Mentor: Dr. Mari Dallas, MD, Department of Pathology/ Department of Pediatric Hematology and
Oncology

Optimizing the normothermic perfusion of isolated limbs before transplantation
Zoe Wang, Dept of Nutrition; Vanessa Chen, Dept of Nutrition; Miaoqi Zhang, Dept of Nutrition; Henri
Brunengraber, Dept of Nutrition; Carlos Ordenana, Majid Rezaei, Sayf Said, Lynn Orfahli, Bahar Bassiri Gharb,
Dept of Plastic Surgery CCF.
The transplantation of a limb from a brain-dead donor is currently being developed for patients who have lost
a limb. Despite the success of the surgical procedure, many issues arise post-transplantation. A frequent issue
is reperfusion injury after limb storage in the cold prior to transplantation. The main objective of this project
is to test the hypothesis that normothermic perfusion of the donated limb will improve its expected viability
post-transplantation.
We investigated homeostatic, metabolic and functional parameters during 24-hour perfusions of pig limbs.
Labeled [13C6]glucose was used in the perfusate to follow the metabolism of glucose carbon through the
pathways of intermediary metabolism (glycolysis, TCA cycle). Perfusate and muscle biopsies were sampled at
regular intervals and were analyzed by gas chromatography-mass spectrometry (GC-MS). We found that
glucose is poorly oxidized to CO2 during the perfusion, but is mostly converted to lactate in the muscle. This
induces an accumulation of lactate in the perfusate. Although the labeling of lactate equilibrated with that of
alanine, the TCA cycle intermediates were poorly labeled. Thus, the next step in this research project will be
to investigate the defect in TCA cycle flux and lactate oxidation in muscle tissue. This project was supported
by a pilot grant from the Cleveland Clinic Foundation and by the Michael Wharton Fellowship provided by the
Dept. of Nutrition, CWRU.
Project Mentor: Dr. Henri Brunengraber, Department of Nutrition

Comparative Lead Degradation Analysis of Al-BSF and Bifacial PERC Solar Modules in Modified Damp Heat
Exposure
Carolina Whitaker, Department of Electrical Engineering and Computer Science; Dr. Roger French, Department of
Materials Science and Engineering; Dr. Jennifer Braid, Department of Materials Science and Engineering
Photovoltaic (PV) modules are a crucial tool in the field of renewable energy. With the ability to convert solar
energy to electrical energy, PV modules can be implemented in many parts of the world as a way to provide
sustainable power for daily activities. However, because they have to constantly be outside to capture sunlight,
modules naturally degrade after several days and even years of exposure to the weather. This project tested the
leads of several types of PV mini modules: multicrystalline monofacial Aluminum Back Surface Field (Al-BSF) cells
and monocrystalline bifacial Passive Emitter Rear Contact (PERC) cells. This study captured the main differences
between PERC and Al-BSF cells with different backsheets. While Al-BSF cells have been the standard in the solar
industry for several decades, PERC cells are a newer technology that are taking over the PV market given their
higher power output with minimal changes in cost. The cells went through steps of 500 hours of modified damp
heat and 100 hours of full spectrum lighting where step measurements were performed on the modules. The focus
of analysis was the IV curves gathered from a SPIRE Solar Simulator (SLP4600). The curves were analyzed using R
programming, and the code extracted three specific points necessary for analysis: the maximum power and the
series resistance. Overall, this project gave insight to the stability of PERC and standard Al-BSF cells as well as
differentiated the long term effects of back sheet polymers. These future developments could help the common
population implement the most cost efficient and sustainable type of solar cells for daily use.
Project Mentor: Dr. Roger French, Department of Materials Science and Engineering

Small Molecules Correct Mutant HERG Potassium Channels to ameliorate Cardiac Conditions
Angela Whittsette, Department of Nutritional Biochemistry; Dr. Tingwei Mu, Department of Physiology and
Biophysics

Mutant HERG potassium channels have been found to cause Long QT syndrome in humans. This condition is
characterized by chaotic heartbeats which can be diagnosed by long Q’s and a pattern of abnormal Q’s and T’s
on and ECG. This condition can lead to cardiac arrhythmias, syncope, fainting, seizures, and sudden death.
Current research on mutant HERG (human ether- a- go- go) potassium channels is aimed at understanding
abnormal function of these channels. Previous research has shown that these mutations can be corrected by
certain pharmacological strategies such as varying temperature and adding certain drugs. Mutations in these
channels have led to loss of function. We aimed to use the small molecule drugs ATF6-147 and ATF6-263 to
correct the function of mutant HERG channels. In our experiments we tested temperatures effect on protein
sample incubation, varied sample concentration, varied drug concentration. We demonstrated that for
correction of these mutants which would show bands around 150kDa. In the experiment I cultured human
embryonic kidney cells also known as HEK293T cells, harvested the cells, lysed them, performed transfection,
performed SDS-PAGE protein electrophoresis, and concluded with a Western blot analysis. The experiment
cycle concluded by analyzing the protein bands produced by the Western blot which were displayed on the
films. The total relative protein was compared with and without drug treatment; information was taken from
relative protein content in the supernatant of drug treated cells. We concluded that both drugs ATF6-147 and
ATF6-263 do increase protein bands at 150kDa thus proving that there will be increased trafficking of these
mutants with the small molecules and conditions we tested. In the future we aim to test more conditions such
as times effect on drug addition.
Project Mentor: Dr. Tingwei Mu, Department of Physiology and Biophysics

Introduction:
Human Long QT syndrome is a heart condition that affects many people (around 1/7000 per year)
however, its often undiagnosed and thus results in 3-4000 deaths per year. This syndrome is caused
by mutations in Human Ether a-go-go channels.

Analytics of Whole Building Energy Data for Virtual Energy Audits and Diagnostic Continuous
Commissioning of Commercial Buildings
Roslyn Yang, Department of Electrical Engineering and Computer Science; Arash Khalilnejad, Department of
Electrical Engineering and Computer Science; Rojiar Haddadian, Department of Material Science and
Engineering; Tian Wang, Department of Mechanical and Aerospace Engineering; Arafath Nihar, Department
of Electrical Engineering and Computer Science; Roger H. French, Department of Material Science and
Engineering; Alexis R. Abramson, Department of Mechanical and Aerospace Engineering
The United States uses approximately 100 quads of energy each year with about 40% attributed to buildings.
However, implementation of currently available technologies could lead to a reduction of energy use in
buildings by 30% by 2030. Currently, energy saving potentials are determined using building energy
management sensors and controls to detect and diagnose operational problems. However, sensors and
control systems are costly and time-consuming to install. Therefore, we need a transformational solution to
simply diagnose problems, build trust in solutions, accelerate their implementation and validate future
economic return. The purpose of this project is to provide this solution, a software tool called EDIFES (Energy
Diagnostic Investigator For Efficiency Savings). EDIFES serves as a low cost and non-invasive building energy
system that can model energy consumption, assess real-time performance, output an energy audit, and
provide diagnostic continuous commissioning. Rather than setting foot in the building, like traditional
methods, EDIFES uses the existing advanced metering infrastructure in a commercial building. With only this
building energy data and minimal additional information: location, square feet, and number of floors, this tool
can output a quick and trustworthy virtual energy audit that predicts and quantifies potential energy and
dollar savings. My goal with EDIFES focuses on the optimization of the software code. By implementing
proper computer programming principles (eg. creating functions for repeated actions, combining duplicate
functions, breaking down large functions into maintainable small ones, and adding formal documentation)
the code will become more efficient and manageable. Since EDIFES is being designed to overcome various
market barriers and make the case for investment in building efficiency solutions, it is important for EDIFES
to be as robust and optimized as possible to allow for fast and accurate analysis of energy in buildings.
Project mentors: Dr. Alexis Abramson, Department of Mechanical and Aerospace Engineering and Dr. Roger
French, Department of Materials Science and Engineering

Exploring the role of sp2 carbon and surface termination in the oxygen reduction on Boron
Doped Diamond electrode, and its implication on neural stimulation
Alfred Zhang, Undergraduate student, Department of Chemical and Biomolecular Engineering

Oxygen reduction in neural stimulation electrochemically generates reactive oxygen species, which
if diffused into the implanted tissue, might cause tissue damage. Therefore ORR should be as
minimized as possible in neural stimulation (JT.Morton, 1994; S.F Morgan, 2010; EM Hudak, 2017).
Boron doped diamond electrodes, because of its biocompatibility, wide water window,
electrochemical stability, has attracted considerable interest as an neural interfacing electrode
material. However, few investigations were done on how its sp2 carbon content, or nondiamond
content, can contribute to oxygen reduction in neural stimulation. Since recently,
ultrananocrystaline diamond (sp2 abundant) has been reported in neural interface applications,
further understanding of the effect of sp2 carbon is needed. In this work[劲翼1], we aim to
investigate how sp2 coverage affects ORR on diamond, and also how anodic oxidation increases
ORR activity: basically, anodic potential during neural stimulation may oxidize diamond surface,
altering its electrochemical properties, or even generate oxygen functional groups that catalyzes
ORR. Fe2+/3+ and Raman spectra will be used to characterize sp2 content, and X-ray Photo electron
spectroscopy will be used to probe surface oxygen functional groups, before and after anodic
oxidation. Cyclic voltammetry will be used to evaluate charge storage capacity of each electrode in
N2 saturated phosphate buffer saline (PBS), and in O2 saturated PBS. By comparing CSC value
between gas environments, contribution of oxygen to charge injection can be evaluated for each
electrode.
Project Mentor: Professor Heidi Martin, Department of Chemical and Biomolecular Engineering

Matched Analysis of Texas and non-Texas Dialysis Facilities Examining the Effect of a Staffing Mandate
on Patient to Dietitian Ratios.
Grace Zheng, Department of Nutrition; Rosa K Hand, Department of Nutrition

Texas is the only state to currently mandate a patient to registered dietitian (RD) ratio. This mandate
requires a ratio of 125 patients or less to 1 dietitian in dialysis facilities to combat the issue of historically
understaffed facilities. The objective of this study was to use matched analysis to examine the effect of the
mandate on staffing ratios in Texas facilities compared to similar facilities in states without a mandate. Using
2017 data obtained from Dialysis Facility Annual Reports (DFR), we excluded facilities with less than 125
patients. We then calculated the number of full time equivalent (FTE) staff and subsequently patient: FTE RD
ratios for each facility. A matched analysis model with criteria based on region, chain/profit status, and
number of patients was developed, pairing each Texas facility with 2 out of state facilities. We ran t-tests for
difference of means and chi-square tests for a number of variables to compare characteristics of the facility
groups and assess the impact of the mandate. The average number of patients at non-Texas (n=136) and
Texas (n=68) facilities were similar (151.90±22.02 vs 150.29±21.16, p=0.666) so we continued with analysis.
The patient to dietitian ratio was higher in non-Texas than Texas facilities (111.84±40.70 vs 90.80±24.02,
p<0.01) and the proportion of facilities meeting the mandate was lower in non-Texas than Texas facilities
(60.0%±49.1% vs 87.0%±34.1%, p<0.01). The mandate effectively lowered the patient to staff ratio in
dialysis facilities in Texas with over 125 patients, indicating that states considering such a mandate may
benefit from implementing it. Further research can examine whether dialysis facilities are trending towards
smaller patient sizes to circumvent the mandate and whether or not the quality of care has improved with a
smaller ratio.

Project Mentor: Rosa K Hand, Department of Nutrition
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