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Annual Summer Undergraduate Research Symposium 

JMU Chemistry & Biochemistry, JMU Physics & Astronomy 
 

Keynote Speaker 
 

Lauren (Hooten) Hughes 
(Summer 2017 JMU Chemistry REU) 
Director of Operations, ASL 
Interpreter 
Civic Access 
 
Lauren Hughes serves as the Director of Operations 
at Civic Access. Civic Access is a Deaf, women-
owned and operated social enterprise that leverages 
its economic power to invest in local Deaf Community 
efforts and programming. They strive to disrupt the 
traditional agency model, offering best fit interpreters, 
allowing deaf consumers take ownership in 
customizing their own language access experience, 
and keeping a tight knit, like-minded group of service 
providers who value the community and access as 
much as they do. Lauren joined Civic Access in 
January of 2018, not even a year after she attended 
the 2017 Summer REU program. She joined as a staff 
interpreter and is now Director of Operations for the 
organization, while also interpreting. She is a 

nationally certified interpreter and lives in Fredericksburg with her husband and their two dogs, Buddy 
and Frank. Lauren has a newfound love of playing pickleball and can be found on the local outdoor 
courts practicing her drop shot nearly every day after work. 
 
 
 
 
 

Keynote presentation 
Friday, July 30, 2021, 9:00am, ISAT 159 

 

Access Allies - Promoting and Defending 
Equity in a Virtual Age 

 
In a “Covid” or “Post-Covid” age, the majority of content is absorbed through virtual means. Platforms 
such as instagram, TikTok, and Zoom have become a ever-flowing stream of information, and as a 
society, there is a growing dependence on these platforms as they have become intertwined with 
running a successful business, publishing research, and engaging the public. This presentation will 
discuss the importance and impact of our choices to make research content accessible. Topics will 
include: the COVID catalyst which launched a major shift in access demands, different types of 
communication access, and the meaning of “effective” communication access means, and why it is 
essential for every individual to be involved in the access dialogue. 
  



 
Annual Summer Undergraduate Research Symposium 

JMU Chemistry & Biochemistry, JMU Physics & Astronomy 
 

Keynote Speaker 
 

Jessi Shott 
(JMU Chemistry, Class of 2015) 
Account Coordinator 
Verge Scientific 
 
Jessi currently serves as an Account Coordinator 
with Verge Scientific Communications, a boutique 
public relations firm specializing in providing 
thoughtful strategy and execution for pioneering 
companies in the health and biotechnology 
sectors. Though her communications career in the 
private sector is just beginning, she has nearly 10 
years of experience disseminating science to 
varied audiences throughout her undergraduate 
and graduate studies and has received accolades 
for her communication skills in these roles. Jessi 
earned her BS in Chemistry from JMU in 2015 
where she performed undergraduate research 

developing polymerizable cobalt chalcogenide model complexes under the direction of Dr. Brycelyn 
Boardman. Jessi holds an MS in Chemistry from both the University of North Carolina at Charlotte and 
The George Washington University. During her time at these institutions, she conducted research at 
the interface of inorganic, organic, and materials chemistry and cultivated a love of science 
communication. Seeking opportunities to turn this strength into a career, she left the chemistry program 
at GW to pursue her current role with Verge and a Graduate Certificate in Science Communications 
from George Mason University. Jessi is passionate about finding creative ways to make science 
accessible to all audiences and firmly believes that anyone can be a chemist. 
 
 
 

Keynote presentation 
Friday, July 30, 2021, 11:00am, ISAT 159 

 

From Complexes, Clusters, and Contrast 
Agents to Communications: A Chemist’s 

Guide to Finding Your Path 
 

In an ever-changing social climate, science communication has become an increasingly desirable skill. 
However, the path to communications is not clearly defined for many scientists and until recently the 
field was largely undervalued. In this presentation, Jessi will discuss her journey toward embracing her 
value as an inorganic/organometallic chemist through her research experiences at JMU synthesizing 
cobalt chalcogenide complexes, UNC Charlotte characterizing superatomic solids, and GWU 
developing gold-gadolinium nanoparticle MRI contrast agents as well as how her time at these 
institutions cultivated her passion for science communications. Jessi will also discuss her transition into 
her current role at Verge Scientific Communications and share her guide to forging your own trail when 
the path forward is unclear.  

 
Colleges and Universities from which students have come to do summer research at JMU since 2001 
 
Allegheny College 
American University 
Augustana University 
Benedictine College 
Bethany College 
Bethel College 
Blue Ridge Community College 
Bridgewater College 
Boston College 
Bowdoin College 
California State – Channel Islands 
California State—Long Beach 
Catawba College 
Central State University 
Central Michigan University 
Chapman University 
The College of New Jersey 
College of William and Mary 
Clarkson University 
Clemson University 
Davidson College 
Drake University 
Eastern Kentucky University 
Eastern Mennonite University 
East Tennessee State University 
Edgewood College 
Elizabeth City State University 
Elon University 
Fairfield University 
Florida Atlantic University 
Framingham State University 
Fresno State 
Gallaudet University 
Gardner-Webb University 
Grove City College 
Hampden-Sydney College 
Hanover College 
Harvey Mudd College 
High Point University 
Hood College 
Illinois Wesleyan University 
Ithaca College 
James Madison University 
KAIST (Korea) 
Kent State University 
Liberty University 
Longwood College 
Lynchburg College 
Mansfield University 
Mary Baldwin College 
Merrimack College 
Miami University 
Millersville University 
Misericordia University 
Mississippi State University 
Montana Tech 
Mount Holyoke College 
Mount Union College 
New River Community College 
Niagara University 
Norfolk State University 
Northern Virginia Community College 
Paul Quinn College 
Piedmont Virginia Community College 

Pomona College 
Pontifical Catholic University of Puerto Rico 
Princeton University 
Providence College 
PUC-Campinas (Brazil) 
Queen’s University, Belfast (UK) 
Radford University 
Ramapo College of New Jersey 
Randolph College 
Randolph-Macon College 
Rochester Institute of Technology 
Rose-Hulman Institute of Technology 
Rowan University 
Rutgers University 
Saint John Fisher College 
Saint Joseph’s College 
Saint Vincent College 
Saint Olaf College 
Salem College 
Shepherd University 
Shippensburg University 
Southern Illinois University 
Stevenson University 
Sweet Briar College 
SUNY-New Paltz 
Technical University of Denmark 
Texas Woman’s University 
Towson University 
University College, Galway (Ireland) 
University of Alabama 
University of Arizona 
University of Belgrade (Serbia) 
University of Dayton 
University of Evansville 
University of Florida 
University of KwaZulu-Natal (South Africa) 
University of London—Royal Holloway (UK) 
University of Mary Washington 
University of Maryland, Baltimore Co. 
University of Maryland, College Park 
University of Michigan-Flint 
University of Missouri—Rolla 
University of North Carolina-Asheville 
University of North Carolina-Chapel Hill 
University of North Carolina—Wilmington 
University of Oklahoma 
University of Plymouth (UK) 
University of Rochester 
University of San Diego 
University of Virginia 
Villanova University 
Virginia Union University 
Washington & Lee University 
Western Carolina University 
Western Conn. State Univ. 
Western New England Univ. 
West Virginia University 
Wheaton College 
Whitworth University 
Willamette University 
Winona State University 
Winston-Salem State University 
Worcester Polytechnic Institute 
Xavier University 



 
Thursday, July 29, 2021 

 
Oral Session I (ISAT 159) 

9:00 am Shannah M. Beck 
9:12 am Lily Jade Joyce 
9:24 am Stephanie N. Ouderkirk 
9:36 am Tashi Poe  
9:48 am McKayla Riney 
10:00 am Sophia C. Jaconski  
10:12 am Austin Baier, Naveh Berner-Kadish 
10:24 am Olivia C. Mumma 

 
 

Oral Session II (ISAT 159) 
(Speakers for Session II will present via Zoom) 

10:50 am Nicholas T. Cheung 
11:02 am Camden Duy 
11:14 am Parker T. Nguyen 
11:26 am Mary Ruth Shifflett  

 
 

Poster Session (ISAT lobby) 
1:00-2:30pm, presenters listed to the right 

 
Oral Session III (ISAT 159) 

2:30 pm Lynn E. Marsh  
2:42 pm Emily McPike 
2:54 pm Ani Davis 
3:06 pm Harrison Gardner 
3:18 pm Quinn Harkrider 
3:30 pm Bode Akinshemoyin  

 
Oral Session IV (ISAT 159) 

4:00 pm Cory Y. Jones 
4:12 pm James Clifford 
4:24 pm Isabel Romov 
4:36 pm Jordon Baker 
4:48 pm Abraham Jacob Reines 

 
Friday, July 30, 2021 

 
 
 
  

Poster Presenters 
Cody M. Ballenger 

Jonathan R. Brubaker 
John Brymer 

Christine N. Buchholz 
James A. Clabough 
Deaquan Nichols 
Kurt B. Espinosa 
JJ N. Fitzhenry 

Samantha L. Forbes 
Lyssa A. Garber, Ava J. Galgano 

Sophia M. Gross 
Gianna Mauriello, Grace Moncure 

Amanda L. McKee 
Stephan Michaelov 

Stuart A. Regitz, Daniel P. Musikanth 
Nadir Naimi, Drake A. Tomasi 

Ashleigh E. Outhous 
Isaac Peregoy 

Stuart A. Regitz 
Clayton Rogers 

Zachary D. Ryan 
Justin M. Sharp 

Era Shehu 
Jack Tressler 

Leighann R. Weber 
Paul M. Wilson 
Micah W. Yoder 

Keynote Presentation (ISAT 159) 
9:00-10:00 am Lauren (Hooten) Hughes 

Oral Session V (ISAT 159) 
10:00 am Rachel Stegmeier  
10:12 am Maameyaa T. Asiamah 
10:24 am Samantha I. Busch 
10:36 am Connor J. Pearson 

Keynote Presentation (ISAT 159) 
11:00am-noon Jessi Shott 

 
STUDENT ABSTRACTS 

Undergraduate student presenters underlined. 
 
Synthesizing N-n-Pentyl Pyridyl Pyrrolidine Ether  
Bode Akinshemoyin1, Poni Emery2 and Dr. Adebowale Ogunjirin1,3 

1School of Science, Technology, Accessibility, Mathematics and Public Health, Gallaudet University, 
Washington, D.C. 20002 
2Rochester Institute of Technology, Rochester, NY 
3Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The purpose of this research is to synthesize a ligand, a signaling molecule, that will reduce the impact 
of cannabis on memory loss as a result of prolonged smoking of tetrahydrocannabinol (THC). THC is 
a psychoactive compound derived from the plant cannabis which exhibits both beneficial as well as 
unwanted side effects in the nervous system. The unwanted memory loss side effect may be countered 
by the presence of nicotinic acetylcholine receptor agonists. This study is important because it is known 
that the nicotinic acetylcholine receptors have a modulatory effect on learning and memory which are 
inhibited by THC. Thus, the search for a potent and selective compound of the nicotinic acetylcholine 
receptor with the capability to interact with the cannabinoid receptor may reduce the effect of THC on 
memory loss. Here, we describe how we identify, design, and synthesize a typical nAChR ligand with 
an important structural feature of THC. This work will pave the way for the discovery of novel and 
selective ligands for nAChR. 
 
 
Using Genetic Algorithms and Density Functional Theory to Understand Methanol Cluster 
Formation in the Atmosphere 
Maameyaa Asiamah1, Isaiah Sumner2, Paul Raston2  
1Department of Chemistry, Rochester Institute of Technology, Rochester, NY, 14623 
2Department of Chemistry & Biochemistry, James Madison University, Harrisonburg, VA 22807 
 

 
The sources, amounts, and climate effects of atmospheric CO2 and methane are well characterized. 
The sources, amounts, and climate effects of atmospheric methanol are less well characterized. This 
is surprising, since methanol is the second most abundant organic gas in the troposphere. Because it 
is so abundant, it is important to know how much energy/heat methanol can hold from the atmosphere 
and it is important to understand how methanol might form clusters. Therefore, we are using 
computation to find stable methanol clusters, (CH3OH)n, where n=3-8. We are using a combination of 
genetic algorithms (GA) and density functional theory (DFT) to gain a fuller picture of the shapes and 
sizes of methanol clusters in the atmosphere. These calculations may lead to an interpretation how 
these clusters affect climate change. 
 
 
 



 
Synthesis and Characterization of TiAuOx Mixed Metal Oxide Under Ambient Conditions 
Jordon S. Baker, Hasan Kaleem, Eric M. Maxwell, Ashleigh E. Baber 
James Madison University, Department of Chemistry and Biochemistry, VA 

 
The deactivation of heterogeneous catalysts occurs via several mechanisms such as poisoning, coking, 
and sintering, among others. In order to maintain the high chemical reactivity of heterogeneous 
catalysts, the process for catalyst deactivation must be well understood and avoided. To better 
understand sintering, the effect of high temperature annealing cycles on the morphology of 
TiO2/Au(111) model catalysts under ambient conditions has been studied. Previous research shows 
that TiO2/Au(111) model catalysts are effective for the water-gas shift reaction, CO oxidation, and 
partial oxidation of small alcohols. When modified with TiO2 nanoparticles, the morphology of the model 
catalyst can vary based on differences in the annealing cycle parameters. Atomic force microscopy 
(AFM) was used to image the morphology of the surface before and after annealing TiO2/Au(111) to 
1000 K using a hydrogen flame. Before the sample was annealed to high temperatures, the 
nanoparticles showed a coalescence as they spent more time under ambient conditions. The film that 
grew displayed similar height measurements to a quadruple water layer when analyzed. Further study 
will elucidate the role that this film plays in the synthesis of this new mixed oxide material. As a result 
of the anneal, TiO2 nanoparticles sintered and Au(111) step edges smoothed, but surprisingly a new 
surface feature was observed with AFM under ambient conditions, resembling mixed metal oxides 
formed under UHV conditions. The observation of these structures under ambient conditions helps to 
bridge the pressure gap between UHV and high pressure/temperature reaction conditions commonly 
used in industry. Analysis and experimentation revealed that the larger titanium rich islands are 
observed at step-edges and row features appear with three-fold symmetry in relation to the crystal with 
a spacing of 5.49 ± 0.17 nm. X-ray photoelectron spectroscopy was used to characterize the surface 
species remaining after the high temperature exposure. The stabilization of a mixed metal oxide on 
Au(111) has not previously been observed, and future work will investigate the chemical reactivity of 
these materials and the evolution of the surface features under control environmental conditions.   
 
Adsorption of Organic Dyes by Hemp Biochar 
Cody M. Ballenger1, and Dr. Barbara Reisner2 

1Department of Chemistry, Shepherd University, Shepherdstown, WV 25443 
2Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
 

 

Biochar, a form of activated carbon, is made by heating agricultural waste at high temperature under 
low oxygen conditions. Biochar can be used to remove organic contaminants from water. Hemp, a local 
agricultural waste product, was used to produce biochar. This biochar was used to study whether hemp 
reduces the concentration of organic dyes in water. Hemp was treated using different washing and 
heating conditions. The adsorption capacity was measured for methylene blue (cationic), neutral red, 
and FD&C green 3 (anionic). Hemp treatments that improve organic dye adsorption include ethanol 
washing, pre-treatment with HCl, and higher biochar production temperatures. Hemp biochar samples 
produced at 450 °C showed the greatest adsorption capacity for methylene blue and neutral red. Trials 
need to be replicated to confirm preliminary results. The future work that could be accomplished from 
this work could go further into the absorbance of biochar, and what it can absorb. Future experiments 
could consist of testing the biochar's absorbance of metal waste in water as well as more toxic 
chemicals. 

 
Determining the Role of Enzyme Structure in Substrate Function Specificity and Efficacy in 
Choline Oxidase 
Shannah M. Beck, JJ N. Fitzhenry, Kurt Espinosa, and Dr. Linette Watkins 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA, 22807 
 

 
Choline oxidase (ChOX) is a flavin-dependent enzyme native to the bacteria Arthrobacter globiformis. 
It catalyzes the reaction of choline with oxygen into glycine betaine and hydrogen peroxide. The 
enzyme’s conversion of the alcohol to an aldehyde group is of particular interest along with why the A. 
globiformis ChOX enzyme specifies for tertiary and quaternary amines. Another relevant and related 
line of inquiry includes determining which structural properties of ChOX cause varying resulting enzyme 
kinetics. Through the use of various programs such as AutoDock and Jalview, trends of conservation 
of amino acid sequences and substrate affinity were observed to help aid in the identification of 
significant structural phenomena within the enzyme. Furthermore, the i-TASSER threading server 
calculated models of the enzymes of homologs to provide visual aids as to how the differences in amino 
acid sequence affect protein folding, particularly in terms of the active site and nucleotide binding sites 
for flavin adenine dinucleotide (FAD). This study will serve as a precursor for future projects that 
observe which residues and orientations are responsible for the volume of the active site, the orientation 
of substrates such that enzymatic tunneling between FAD and the ligand may occur, and the cause of 
specificity for tertiary and quaternary amines as opposed to primary or secondary amines. 
 
 
An Analysis of Aspectual Inflections in ASL Verbs 
Austin Baier1, Naveh Berner-Kadish2, Judy Bradley3, and Lisa Spurgeon3 
1Department of Education, Augustana University 
2Department of Interpretation and Translation, Gallaudet University 
3Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
 

 
 
American Sign Language (ASL), like other languages, uses verb inflection to change the meanings of 
various verbs. We studied patterns of verb inflection to more fully describe the ways ASL uses aspect 
(how an action denotes time). Most ASL verbs use an elliptical motion to denote a temporal aspect, but 
a few verbs were found to use linear motion when showing aspectual changes. There are other 
linguistic features, such as non-manual markers and trigger words that can indicate inflections in ASL 
verbs. This research illuminates how often verbs and inflections occur, how mouth morphemes are 
incorporated into the signs, and how verb pairs can work together to create aspectual inflection. Further 
study is needed to more clearly elucidate how verbs may change their aspect based on the sign’s 
phonology, morphology, syntax, the signer’s demographics, or how the signs change over time. 
 
 
 
 
 



 
Carboxylic Acids and Ions in Aqueous Solutions: Advanced Laboratory Projects using ATR-
FTIR and NMR 
Jonathan Brubaker and Dr. Thomas DeVore 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
This project can be used in future advanced student laboratories to investigate ions in solution. Ions in 
solution are important in water chemistry and biological processes, like the acetate ion in food 
preservation and the oxalate ion in kidney stones. Nuclear Magnetic Resonance (NMR) and Attenuated 
Total Reflectance – Fourier Transform Infrared (ATR-FTIR) spectra of aqueous solutions of oxalate 
and acetate ions were collected, and their chemical shifts and peak areas were investigated, 
respectively. Concentration curves were made and analyzed by associating the NMR chemical shifts 
to their concentrations and Beer’s Law plots were formed by comparing the IR peak areas to their 
concentrations. Proton NMR for acetic acid displayed that there were two linear relationships that 
intersect at approximately 12M. Vinegar having only 5% acetic acid would fall in the lower concentration 
range and could be used for a laboratory project involving acetic acid using the lower linear 
concentration. The 13C NMR for oxalic acid proved to be a function of concentration that results in the 
analysis to find the acid dissociation constant, Ka. IR was used to analyze the oxalate ion and a Beer’s 
Law Plot was constructed from the peak areas and concentration differences. This project can be used 
to demonstrate the importance of Beer’s Law Plots and how they can be created from the spectra of 
several different instruments, including NMR and IR. 
 
 
Synthesis of Antisense Oligonucleotides: A New Method of Polymerization 
John M Brymer, Debra L Mohler 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
 

 
Antisense oligonucleotides (ASOs) have a variety of applications in biological systems from anticancer 
drugs to antiviral agents. However, the usefulness of ASOs is hindered by their time-consuming 
synthesis where it can take up to 40 steps to create a 20 base pair oligomer. To remedy this the Mohler 
group has designed ASO monomers that can be polymerized in a 1 step polymerization akin to a 
synthetic Polymerase Chain Reaction. This will be accomplished using a ring opening metathesis 
polymerization with a modified Grubbs catalyst. This poster discusses the synthesis of the seven 
membered ring monomers for all DNA and RNA bases that will be used in the polymerization.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Solution Structure  of CRX DNA-Binding Domain 
Christine Buchholz and Dr. Christopher Berndsen 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
 

Roses are red, some eyes are blue, you wouldn’t see this without CRX too. CRX is a protein that is an 
essential transcription factor for the development of cells in the eye called photoreceptors. 
Photoreceptor cells (PRs) convert light into signals that the brain can understand. CRX plays a role in 
the differentiation of these photoreceptors into rods and cones, which detect light and colored light, 
respectively. We are uncertain exactly how CRX regulates the differentiation of PRs including the 
molecular and structural aspects of CRX function. It is known that CRX contains a DNA binding domain 
(DBD) and two activation domains (ADs). Changes to the amino acid sequence in any of these regions 
are linked to a number of diseases associated with congenital blindness. We would like to better 
understand the structure and function of the activation domains and DNA binding domain  to describe 
the regulation of photoreceptor development by CRX. We collected Small-Angle X-Ray Scattering 
(SAXS) data on the DBD of CRX at two different concentrations and then fitted the data to describe the 
structure of this part of the protein. We fitted a homology model of the DBD to the SAXS data, finding 
that the model matched the data very well. Interestingly, we observed that the DBD shows evidence of 
interparticle repulsion at high concentrations which may explain the low solubility of this protein. Our 
next step is aimed at combining this analysis with structural analysis of the full-length protein and 
understanding how this part of the protein interacts with DNA.  
                         
 
 
Infrared studies of the effect of Hofmeister ions on model drugs  
Samantha I. Busch, Dr. Yanjie Zhang, and Dr. Gina MacDonald 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The Hofmeister series of ions is known to influence solution processes such as protein aggregation. 
However, the specific ion-molecule, ion-protein and ion-solvent interactions are not fully understood. 
The large number of ion-induced changes can result in complex spectral changes that are difficult to 
assign to specific ion-protein interactions. Studies on smaller molecules that contain similar functional 
groups/motifs may help clarify ion influence on molecule structure and solvation. Here, cation and anion 
interactions with model drugs caffeine and 5-hydroxyindole were studied to elucidate the ion-molecule 
interactions with specific functional groups. Infrared studies were performed on solution and partially 
dehydrated samples at varying ion concentrations. Studies performed on 5-hydroxyindole in 1M anion 
salt solutions did not show significant ion-induced differences in the infrared spectra. Previous studies 
on caffeine have shown anion-dependent aggregation and the current study reveals spectral shifts that 
are cation and concentration dependent. 
 
 
 



 
Python Software for Multimodal Optimization of X-ray Reflectivity Data using First Principles 
Theory 
Nicholas T. Cheung1,2, Camden Duy1,2, Venkata Surya Chaitanya Kolluru2, Maria Chan2, Dillon Fong2, 
Kendra Letchworth-Weaver1,2 

1Department of Physics, James Madison University, Harrisonburg, VA 22807 
2Argonne National Laboratory, Lemont, IL 60439 

 
Diffraction-based experimental techniques like X-ray Reflectivity (XRR) determine the distribution of 
electrons at the surface of a crystalline solid but inverting this data to obtain the atomic structure of the 
surface is a challenge. To overcome this obstacle, we develop Python software which optimizes the 
surface structure by utilizing energetic information from DFT alongside data from multiple experimental 
measurements under different conditions. Our work leverages Python object orientation and scientific 
libraries to create modular and flexible software with access to powerful optimization techniques. As 
we continue to collaborate with developers of FANTASTX, a software which explores novel structures 
by performing genetic algorithm with multi-objective optimization, we explore a joint experimental-
theoretical approach to investigate the interfacial structure-property relationship, providing insights 
which could increase the performance of diverse technologies such as energy storage and conversion 
and semiconductor fabrication.  
 
 
 
 
 
The Effects of Electromagnetic Waves on Phototropism in Maidenhair Ferns  
James Clabough and Dr. Giovanna Scarel 
Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 

 
Plants are sensitive to electromagnetic waves. In particular, they are sensitive to visible light. In this 
research we want to test how Maidenhair Ferns respond to various visible light and radio waves. To 
achieve this goal, we are studying the rate of Phototropism in Madienhair Ferns when exposed to 
various electromagnetic waves. In our experiment this summer, we focused on the visible light which 
is produced by various 5mm LEDs (Light Emitting Diode) tuned to different voltages. We observe that 
when the plant is illuminated, there are minor signs of phototropism. In the future, we plan on continuing 
characterizing the electromagnetic sources as well as testing different types of plants to find an increase 
in phototropic activity.  
 
 
 
Buckling profile of a constrained cylindrical shell under compression 
Jack Tressler and Dr. Feitosa 
Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 
 
Under uniaxial compression, a thin cylindrical shell, such as aluminum can, buckles in unpredictable 
ways associated with microscopic imperfections on its surface. Horton and Durham (1965) 
demonstrated that the cylindrical shell can produce a predictable periodic buckling pattern that 
resembles a diamond-like lattice structure when the shell is constrained by an internal mandrel. We 
report here an experiment with a thin cylindrical shell made of Mylar wrapped around a PVC tube. Using 
X-ray imaging, we investigate the regular buckling profile of this shell when compressed along its major 
axis with greater precision than before. We focus on the gap between the shell and the tube to compute 
the wavelength of the buckled mode. The reconstruction of the surface pattern will help us understand 
the stresses that lead to failure in grain silos, rockets and other tubular structures or interest. 
 
 
 
 
 

 
Triscationic Amphiphiles: Colloidal Aggregation and Antibacterial Properties 
James Clifford, Amanda Mc Kee and Dr. Kevin Caran 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
In this project, we prepared two series of aromatic, triscationic, nitrogen-based compounds as bacterial 
disinfectants. One series has a bipyridinium-dimethylammonium core with an alkyl chain of varying 
lengths (C10H21 to C20H41). The other series has a mesitylene (1,3,5-trimethylbenzene) core, and 
features three equivalent alkyl-imidazolium groups, with varying chain lengths (C6H13 to C12H25). The 
two series were synthesized using a microwave reactor and their structures were confirmed by 1H and 
13C NMR. Colloidal analysis (measuring critical aggregation concentration, CAC) of the bipyridinium-
dimethylammonium amphiphiles was performed using 1H NMR and conductivity.  Samples were 
prepared for subsequent antibacterial studies, in collaboration with Dr. Seifert’s lab (JMU Biology). 
 
 
 
 
 
Straight Talk: The Effect of Linearity in Diboronic Crosslinkers on PVA-BA gels  
Ani Davis and Dr. Gretchen Peters 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Polymer gels are used for a wide variety of applications ranging from diaper linings to drug delivery 
systems. To induce gelation, polymer chains must be crosslinked in order to form a fibrous gel network. 
Developing methods that manipulate polymer crosslinking would allow us to influence and optimize the 
properties of the gel material. Recently, we reported the enhancement of boric acid (BA) crosslinks 
within polyvinyl alcohol (PVA) organogels in the presence of 1,4-benzendiboronic acid (1,4-BDBA). 
With mixtures of BA and 1,4-BDBA, we observed improvements in the rheological and thermal 
properties, gelation times, and critical gelation concentrations (CGC). We attribute these findings to 
cooperative crosslinking between 1,4-BDBA and BA. In contrast, PVA-BA gels formed with the addition 
of 1,3-benzenediboronic acid (1,3-BDBA) do not follow the same trend. Namely, at concentrations 
lower than its CGC, the addition of 1,3-BDBA has little impact on the storage modulus (G′) of the PVA-
BA gel and no new crosslinks formed. At higher ratios of 1,3-BDBA, we observe a small increase in G′ 
that is notably less than the improvement with 1,4-BDBA. Structurally, 1,4- and 1,3-BDBA vary only in 
substitution pattern and linearity. Thus, these findings indicate that the shape and linearity of the 
diboronic acid impact the efficiency of crosslinking in PVA-BA gels. 
 
 
 
 
 
 
 
 



 
Towards Utilizing Multimodal Optimization to Search for Strontium Titanate Surface Structures 
Camden Duy1,2, Nicholas Cheung1,2, Dillon Fong3, Venkata Surya Chaitanya Kolluru2, Maria Chan2, 
Kendra Letchworth-Weaver1,2 

1Department of Physics, James Madison University, Harrisonburg, VA 22807 
2Center for Nanoscale Materials, Argonne National Laboratory, Argonne, IL 60439, USA. 
3Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA. 

 
Strontium Titanate (STO) is a perovskite crystal that is used as a photocatalyst in solar cells and as a 
substrate for crystal growth.  Both purposes for STO rely heavily on surface structure, making the 
surface of STO an important area of investigation.  Particular reconstructions of STO surfaces are 
generated by manipulating the bulk unit cell using transformation matrices.  The reconstruction to be 
considered is a √10 by √10 supercell with units of TiO5 that occupy oxygen sites on the surface Titanate 
(TiO2) layer.  Density functional theory (DFT) was used as a computational method to minimize the 
energy of STO surface structures.  We aim to further optimize the search for a minimal energy structure 
by incorporating DFT calculations within the developing software package FANTASTX.  FANTASTX 
utilizes machine learning algorithms that compare DFT simulated images with experimental microscopy 
data to determine how best theory matches with experiment.  By intentionally and randomly varying the 
amount and positions of TiO5 on the surface, we aim to discover a structure that is a global minimum 
of the objective function and thus provides optimal agreement with both the experiment and theory. 
 
 
 
Kinetic study on the enzymatic step of one-pot dimerization of 2-[2-
(dimethylamino)ethoxy]ethanol 
Kurt B. Espinosa, Shannah M. Beck, JJ N. Fitzhenry, and Dr. Linette M. Watkins 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Tertiary amine catalysts (TACs) are essential organic molecules used in polyurethane manufacturing. 
Synthesis of these chemicals involves the use of catalytic transition metals at high temperatures and 
high pressures. Simple amine systems react easily with the transition metals; however, amine systems 
with multiple hydroxyl groups and methylamine complexes produce significant byproducts. In this study, 
synthesis that forgo transition metals is explored. Enzymes can provide a clean alternative to transition 
metal use. 2-[2-(dimethylamino)ethoxy]-ethanol (DMAEE) is the monomer used in the synthesis of a 
crucial TAC. When DMAEE is first enzymatically oxidized, the aldehyde can serve as an electrophile 
for 2-(methylamino)ethanol (MMEA), forming the DMAEE dimer. Choline oxidase catalysis is the first 
step of this pathway. Steady state kinetic parameters of choline oxidase with choline and DMAEE as 
substrates are reported in this study. The effect of MMEA on the enzymatic reaction is looked upon as 
well. 
 
 
 
 

 
Developing a Direct Assay for Choline Oxidase 
JJ Fitzhenry and Dr. Linette Watkins 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Choline oxidase (ChOx) is an enzyme that catalyzes the oxidation of choline to glycine betaine and 
hydrogen peroxide, with betaine aldehyde as an intermediate. ChOx has two roles in medicine and 
industry, as a sensor of choline, and in the synthesis of glycine betaine. For optimal utility in industry 
pathways, ChOx must have a broad specificity while maintaining activity over a range of pH and 
temperature. Until now, the current method for determining rates and other such values in ChOx assays 
in industrial settings was through an ABTS assay, which uses the additional ABTS substrate and 
spectrophotometry to measure the production of hydrogen peroxide. This was a very roundabout 
method for determining reaction rates and other values and it was therefore hypothesized that an assay 
could be created to directly determine the rate of oxygen consumption in the reaction, thus making it 
easier to synthesize glycine betaine in the most efficient way possible, and potentially in large-scale 
manufacturing settings. 
 
 
 
Improvement of Commercial Extraction of Phytocannabinoids from Hemp Biomass 
Samantha L. Forbes, Rachel J. Stegmeier, Dawson Bowles and Dr. Daniel M. Downey 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Cannabis sativa (hemp) is an annual plant that produces phytocannabinoids for protection from UV 
light and strong winds, along with hundreds of other chemicals. The phytochemicals have alleged 
medical benefits and must be separated from the plant biomass for the manufacture of drugs and 
dietary supplements by passing a solvent through a bed of finely ground dried plant material. The 
solvent is removed after the extraction process to produce a viscous dark liquid known as crude oil. 
We have examined three popular commercial extraction technologies: single pass ethanol, multi-pass 
ethanol, and supercritical fluid CO2 for efficiency, yield, and throughput. The increase of cannabinoid 
concentrations following each cycle for the multi-pass ethanol was monitored. Data were collected on 
cannabinoid concentrations in hemp biomass and crude oil for all three extraction technologies. High-
Pressure Liquid Chromatography Ultraviolet Detection (HPLC-UV) and Gas Chromatography Flame 
Ionization Detection (GC-FID) were used for analyses primarily for cannabidiol (CBD), cannabidiolic 
acid (CBDA), Δ-9-tetrahydrocannabinol (THC), and Δ-9-tetrahydrocannabinolic acid (THCA). Multi-
pass extraction was the most effective technology for removal of the phytocannabinoids. For multi-pass 
extractions of up to ten cycles steady state was achieved within five cycles with most extraction by the 
third cycle. This observation reduces time, labor, and energy for commercial ethanol extraction.   
 
 
 
 
 
 



 
Stability of the 1- and 2- butanol reactivity on TiO2/Au(111) 
Lyssa A. Garber, Ava J. Galgano, Clayton J. Rogers and Dr. Ashleigh Baber 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Butanol is an important biomass material that has a low volatility, many transportation options, and few 
evaporation emissions which can reduce the overall amount of greenhouse gases. By trying to find 
more carbon neutral processes using butanol as biofuel, the dependence on fossil fuels can also be 
reduced. To better understand how butanol breaks down in heterogeneous processes, we use 
temperature programmed desorption (TPD) to study the reaction of 1- and 2-butanol on TiO2/Au(111) 
inverse model catalyst. TiO2 nanoparticles are deposited onto Au(111) and the morphology is studied 
using atomic force microscopy (AFM). AFM images show that the TiO2 is dispersed across the Au(111) 
surface in nanoparticles of ~11.5 nm size. Low temperature desorption features help to understand 
how the molecule adorbs to the surface while the high temperature peaks are used to understand 
chemical reactivity and selectivity. The major products from the reaction of 2-butanol on TiO2/Au(111) 
are 2-butanone and butene, observed at ~500 K. The selectivity of the reaction was not altered during 
successive desorption experiments, indicating that the model catalyst was stable even without 
reoxidation between experiments. Preliminary studies of the reaction of 1-butanol indicate that both 
reduced and oxidized products are made, but need to be further studied to identify the species and 
stability. 
 
 
 
 
 
 
Predicting Solute-Solvent Interfaces with Joint Density Functional Theory (JDFTx) 
Harrison Gardner, Dr. Kendra Letchworth-Weaver  
Department of Physics, James Madison University, Harrisonburg, VA 22807 

 
Joint Density Functional Theory (JDFTx) is an open source code that works to model molecule and 
liquid interfaces with Density Functional Theory (DFT). There are many DFT codes that can model 
molecular structures but many of these lose most functionality when operating on molecules within 
liquids due to a lack of an accurate model of a liquid. With JDFTx there is a combination of quantum 
mechanics to describe the solute and a continuum model to describe the solvent. We are researching 
a way to universalize JDFTx’s Solvent-Electron interactions (vdW interactions). This is done by training 
our universal vdW scaling on three different solvents and multiple solutes and then testing on a large 
sample of solutes in H2O due to lack of experimentation in other solvents. 
 
 
 
 
 
 

 
Biophysical characterization of metal binding in the Ppc family 
Sophia Gross, Tyler Brittain and Dr. Oleksandr Kokhan 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Dissimilatory metal-reducing bacteria utilize metal ions and metal oxides instead of oxygen in their 
respiration. Metal-reducing bacterial genomes are very rich (>100) in genes encoding multiheme 
cytochromes. However, the exact molecular pathways linking cytosolic redox reactions to periplasmic 
cytochromes and extracellular electron acceptors are not clear. Here we demonstrate with isothermal 
calorimetry (ITC) that PpcA, the most abundant periplasmic cytochrome in Geobactur sulfurreducens, 
bins Cu2+ with 1:1 stoichiometry and sub-uM affinity. However, no binding was observed with the other 
metals from Irving-Williams series. Using 1D and 2D NMR we identified the surface area responsible 
for Cu2+ binding. Sequence conservation analysis suggests that the other members of the Ppc family 
are likely to bind Cu2+. 
 
 
 
 
 
Modulating Obscurin’s Force Sensation in Epithelial Cells 
Quinn Harkrider, Abby Collins, Jackson White and Dr. Nathan T. Wright 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Obscurin is a giant (800-950 kDa), cytoskeletal protein involved in cell mobility and adhesion signaling. 
In epithelial cells obscurin regulates cell division, migration, and tension through RhoA pathways. While 
the downstream pathway of obscurin has become gradually clearer in recent years, the mechanism of 
obscurin regulation has yet to be determined. To wit, no obscurin effector has been discovered.  This 
lead our lab to propose that obscurin is not regulated through biochemical means, but instead by the 
mechanical forces that obscurin itself regulates.  To test this hypothesis, we first need to establish if, 
and under what conditions, obscurin is under tension. Our data shows that obscurin localizes by the 
membrane, particularly in subcellular areas of the cell that are thought to be under tension. To 
determine if obscurin itself is under tension, we expressed several constructs of obscurin containing a 
FRET-based a force sensor in MDCK cells.  Analysis shows that obscurin is, in fact, under significant 
tension in resting tissue culture.  The addition of the actin-disrupting drug cytochalasin D decreases 
this obscurin tension.  Together, these findings bolster our hypothesis that obscurin is a novel 
mechanosensor.  
 
 
 
 
 
 
 
 
 



 
The Effect of Potassium on the Structural Flexibility of β-amylase 2  
Sophia C. Jaconski1, Nithesh P. Chandrasekharan1, Jonathan D. Monroe2, Christopher E. Berndsen1 
1Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
2Department of Biology, James Madison University, Harrisonburg, VA 22807  

 
Starches are an important compound in the lives of both plants and humans, with roles in human 
nutrition and industry such as paper making. β-amylases are a class of proteins that break down starch 
in plants to produce maltose. My focus of study is β-amylase 2 (βAM2); one of the β-amylase genes in 
the European plant Arabidopsis thaliana. While the physiological functions of βAM2 are unclear, we 
know three key things about its properties: 1) βAM2 has a tetrameric structure, 2) the enzyme exhibits 
sigmoidal kinetics through secondary binding sites, and 3) potassium salts are required for catalytic 
activity. This summer I investigated why potassium stimulates activity in βAM2 as the specific 
requirement for starch breakdown activity was unclear. A previous student had simulated the effect of 
potassium on βAM2 finding that potassium increased the flexibility of the enzyme in these 
computational experiments. My goal was to test these computational predictions experimentally. I 
purified βAM2 wild type and βAM2 with two point substitutions: E269N which results in a catalytically 
dead enzyme and S464G, which renders the enzyme less sensitive to potassium but is still catalytically 
active. Using these three enzyme variants, I compared the structural stability of the enzymes in the 
presence of potassium, lithium, and sodium using Differential Scanning Fluorimetry (DSF) and Circular 
Dichroism (CD). Results from DSF showed that the melting temperature decreases with increasing salt 
concentration, which indicates an increase in structural flexibility in βAM2. The CD results support this 
trend with the melting temperature for βAM2 with lithium is higher than that of BAM2 with potassium. 
These results are only one piece of the puzzle. Future work includes looking more specifically at the 
kinetics of substrate binding, effects of pKa, and the new analysis of the simulations done in the past.  
 
 
The Effects of X-ray Coronae on Absorbers in Black Hole Accretion Disk Winds 
Cory Jones and Dr. Keigo Fukumura 
Department of Physics, James Madison University, Harrisonburg, VA 22807 

 
The observed blueshifted absorption features are a manifestation of ionized outflows originating from 
an accretion disk around a black hole, often known as disk winds. These atomic line features in X-ray 
spectra unambiguously reveal the presence of a series of chemical elements (e.g. Mg, Si, Ca, S and 
Fe) in the winds. We consider 1D radiative transfer along a line of sight to simulate the interaction 
between coronal X-ray and wind materials using our 2.5D disk wind model for a set of X-ray spectral 
energy distributions (SEDs) and wind property (i.e. wind stricture and kinematics). The goal of this work 
is to understand and quantify 1) the strength of the multi-ion X-ray absorbers and 2) how they respond 
to various SEDs with diverse wind parameters. Using a total of 9 ionizing SEDs, it is found that Fe XXV 
and Fe XXVI generally exhibit the strongest features in the spectrum with an indication also that 
individual ions would respond differently. We further demonstrate a plausibility of detecting subtle 
features by performing spectral simulations of future micro-calorimeter observations with 
XRISM/Resolve and Athena/X-IFU.   

 
Towards Probabilistic Analysis of Entropy Stabilized Oxides using Joint Density Functional 
Theory (JDFTx) 
Lily Jade Joyce, Kristen E Johnson, Dr. Tina Rost, and Dr. Kendra Letchworth-Weaver 
Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 

 
Synthesis of Entropy Stabilized Oxides (ESOs) is a new advancement in the field of materials science, 
where a structure is able to exist due to internal disorder despite an unfavorable enthalpy of formation. 
These materials have many possible uses, such as batteries and thermo-electric materials. The 
structure under consideration is (MgNiCoZnSn)0.2O, which stabilizes to a rocksalt structure and is being 
synthesized by combining elemental powders and heating them to above 1000 C in a furnace. In this 
work, we use density functional theory (DFT) to discern different properties of randomized 
configurations of the five metals within the rocksalt structure using electronic and ionic minimization. 
We have also created software using Python for different uses such as creating randomized structures 
to be used in DFT and collecting statistics on properties such as bond length and energy after the DFT 
calculations. Once we collect the statistics, we use it to explore overall trends in the probability of 
different configurations so that we can predict which ones are most likely to be observed through 
synthesis in a furnace where temperature dominates the thermodynamic landscape. 
 
 
 
Evolution of volatile and nonvolatile compounds in a single malt, single hop (SMaSH) beer 
throughout brewing and fermentation. 
Lynn E. Marsh1, Steven Harper2, Samuel A. Morton2, Christine A. Hughey1 
1Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807, USA 
2Madison Academic Brewery (MAB), Department of Engineering, James Madison University, MSC 
4113, Harrisonburg, VA 22807, USA 

 
A beer’s distinctive flavor and aroma profile is the product of the volatile and nonvolatile compounds 
identified during the entire brewing process. Here we look at the evolution of volatile and nonvolatile 
compounds throughout the brewing of a single malt, single hop (SMaSH) beer produced in the Madison 
Academic Brewery. In this project, we have quantified the volatile compounds by solid phase 
microextraction (SPME) and GC/MS. Data was collected from 51 flavor compounds. From the data 
collected, we can group flavor compounds by functional groups, as they follow similar trends. It was 
observed that aldehyde flavor compounds decreased during mashing, while the alcohols increased 
after the yeast was pitched. The terpenes increased after the addition of the hops, and continued to 
increase with each new hops addition. In contrast, esters increased and decreased at various stages 
of the brewing process, thus they did not have a consistent trend. Ultimately, these trends give a 
detailed molecular picture of the beer that will enable breweries to optimize the brewing process to yield 
desired flavor and aroma profile. 
 
 
 
 
 
 



 
Novel Antibacterial Triscationic Amphiphiles as Medical Grade Disinfectants 
Amanda Mc Kee, James Clifford, and Dr. Kevin Caran 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
An amphiphile is a compound that has both hydrophilic and lipophilic components. As a result, many 
amphiphiles are soluble in both polar and non-polar solvents. In this project we synthesize triscationic 
amphiphiles in an effort to effectively kill pathogenic bacteria. The architecture of our amphiphiles is 
similar to that of phospholipids in bacterial membranes. This similarity allows the synthetic amphiphiles 
to incorporate into, and effectively disrupt the packing of molecules in a bacterial membrane. We have 
prepared several series of triscationic amphiphiles, including those with one or three non-polar tails of 
varying lengths. We used 1H and 13C NMR spectroscopy, High Resolution Mass Spectrometry (HRMS), 
and melting point to confirm the identity and purity of the amphiphiles in this study. We also used several 
colloidal techniques (conductivity and 1H NMR) to study aggregation of these amphiphiles in water.  
 
 
 
 
 
Mid-Infrared Variability of Galaxies Surveyed for Water Megamaser Emission 
Emily McPike1, Riley Hazan1, William St. John2, and Dr. Anca Constantin1 

1Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 

2Massanutten Regional Governor's School 

 
Microwave Amplification by Stimulated Emission of Radiation (maser) from water molecules in galaxy 
centers prove to be one of the most important tools for accurate measurements of supermassive black 
holes and for geometric distance measurements to extragalactic astrophysical sources and therefore 
are crucial for providing constraints on our understanding of how the universe formed and evolves. 
Unfortunately, luminous water masers are notably rare, greatly hastening the need to find more. To be 
more efficient, future searches for water masers require a closer look at the conditions in which these 
emissions originate. Currently, there is tentative evidence that the maser pumping mechanism is 
associated with the accretion of matter onto supermassive black holes in galactic centers, otherwise 
known as active galactic nuclei (AGN). Thus, we investigate herein the mid-infrared variability of masers 
and non-masers as a way to identify AGN activity in these galaxies. Mid-infrared flux fluctuations have 
the advantage of being less sensitive to circumnuclear obscuration, but still reveal variations in the 
putative AGN, as the surrounding dust reprocesses its radiation. We employ here measurements from 
the Megamaser Cosmological Project (MCP), which offers the most complete list of galaxies surveyed 
for water maser emission, as well as multi-epoch mid-infrared data from Wide-field Infrared Survey 
Explorer (WISE), and present preliminary results of our analysis of variability in maser and nonmaser 
galaxies. 
 
 
 
 
 

 
Acid/Base Status and Water Chemistry of Headwater Streams in VA’s National Forest 
Stephan G. Michaelov and Daniel M. Downey 
James Madison University, Harrisonburg, VA 22807 

 
Every year, the US Forest Service conducts a synoptic sampling of the George Washington and 
Jefferson National Forests for water chemistry analyses of the streams by the James Madison 
University (JMU) Environmental Chemistry Group. This year, 67 samples were collected from 
Northwestern Virginia to the southern Tennessee-Virginia border. Samples were then delivered to 
James Madison University for assessment. Weathering of geologic material upstream of sample 
collection sites provides the chemical components of the water.  Samples were analyzed for pH, acid 
neutralizing capacity (ANC), conductivity, and concentrations of sodium, potassium, calcium, 
magnesium, chloride, nitrate, sulfate and aluminum. These parameters were selected as they enable 
water chemists to describe the health of a stream and potential toxicity for fish, especially brook trout 
(Salvelinus fontinalis). High pH (>5.5) and ANC (>2 ppm) streams are able to withstand acid rain 
deposition and protect fishes from substantial pH changes. Low pH (<5.5) streams typically have high 
concentrations of aluminum (>100 ppb), which is acutely toxic to fish as it interferes with the function 
of their respiratory system. Data were interpreted by analyzing the geological features of each sample 
site. Low pH samples had geological composition of primarily sandstone (silica oxide) which provides 
virtually no base buffers for the stream. Mid to high pH samples show the effects of geological 
composition change from sandstone to limestone/dolomite (calcium/magnesium carbonate) as the 
carbonate provides base buffer to the streams. The stream data collected each year aids US Forest 
Service planning of acid mitigation practices, controlled fire burns and forest timber harvesting. 
 
 
Obscurin N-terminus Exhibits Significant Flexibility in Solution 
Grace Moncure1, Gianna Mauriello1, Dr. Nathan T. Wright1, and Dr. Callie J. Miller2 
1Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
2Department of Engineering, James Madison University, Harrisonburg, VA, 22807 

 
Obscurin is a giant modular musculoskeletal protein that functions to connect the sarcoplasmic 
reticulum to the sarcomeric contractile apparatus. This makes obscurin the only protein that links the 
membrane to the cytoskeleton. Obscurin is composed of multiple modular domains that fold into 
immunoglobulin (Ig)-like domains. These Ig-like domains are held together by linker regions of various 
lengths. Short linkers, present in two thirds of the obscurin molecule, result in a semi-flexible chain. The 
remaining one-third of obscurin contains long linker regions, of unknown flexibility. Our goal is to 
determine the flexibility parameters of the long linkers. This is important, since this flexibility dictates 
both how obscurin can move in solution (which may dictate myocyte flexibility), and how obscurin might 
organize itself in a compact state. 
 
 
 
 
 
 



 
Fluorescence Analysis of Anion Interactions with Coumarin  
Olivia C. Mumma and Dr. Yanjie Zhang 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Effects of sodium salts of Hofmeister anions on the fluorescence of a model drug molecule, coumarin, 
were studied. Our results showed that coumarin emission wavelength did not shift, however, the 
emission intensity was increased by SO42-, H2PO4-, F-, Cl-, and ClO4- while quenched by Br-, I-, SCN-, 
and NO3-. The Stern-Volmer quenching constants (KSV) of ions were determined at 20 and 50 degrees 
Celsius and correlated to the ordering of the Hofmeister series except for ClO4-. The Stern-Volmer plots 
were fitted by a cubic function, which suggested that multiple quenching ions were in the same cage 
as the fluorophore in solution. In addition, the effects of a combination of two anions were investigated. 
It was found that the effects of two fluorescence enhancing anions were additive, while that of two 
fluorescence quenching anions were not additive. The temperature dependence of coumarin 
fluorescence in the presence of 1.0 M anions (0.2 M NaNO3) were also analyzed.  

 
 
Elucidation of the Enzymatic Mechanism of 2-(2-Hydroxyphenyl)benzenesulfinate Desulfinase 
by Mutagenesis 
Nadir Naimi, Drake Tomasi, Linette Watkins  
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The biodesulfurization of dibenzothiophene, an organosulfur compound modeling petroleum middle 
distillates, proceeds through a conserved enzymatic pathway in Rhodococcus erythropolis IGTS8 as 
well as Nocardia asteroides A3H1.  The final and rate-limiting step of this pathway involves the cleavage 
of the carbon-sulfur bond of 2-(2-hydroxyphenyl)benzenesulfinate (HPBS) to form hydroxybiphenyl 
(HBP) and sulfite, catalyzed by HPBS desulfinase (DszB).  Studies of the mechanism of this catalysis 
have supported a nucleophilic addition as well as an electrophilic aromatic substitution.  This study 
seeks to elucidate the enzymatic mechanism of DszB by examining the effects of point mutations 
around the active site.  Plasmids encoding wild type along with H60Q, Y63F, R70M, S25A, C27A, 
C27S, and Y24F (+) mutants appended with a polyhistidine-tag were codon-optimized for expression 
in Escherichia coli BL21 with coexpression of the groEL/groES chaperonin system.  Purification of 
lysates is then done by gradient elution with 5 -250 mM imidazole through a divalent nickel or cobalt 
affinity column with fractions assayed for activity fluorometrically.  Work thus far has revealed cultivation 
conditions optimal for soluble protein yield and resulted in successful purification and characterization 
of Y24F showing validity of the procedure.  Ongoing work then includes purification and characterization 
of the remaining mutants to evaluate the proposed mechanisms. 
 
 
 

 
Extension of Timelike Coordinate Families from Schwarzschild Spacetime to de Sitter 
Spacetime 
Parker Nguyen and Dr. Tehani Finch 
Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 

 
Coordinate systems play a key role in general relativity. While there are an unlimited number of possible 
choices of coordinates for any spacetime, only a small subset of them will lend themselves well to 
performing insightful calculations. We begin with the Schwarzschild spacetime, which corresponds to 
a spherical, uncharged black hole in an empty universe, and then consider a de Sitter spacetime, which 
is an otherwise empty universe that contains a cosmological constant. We introduce families of time 
coordinates that can be related to the motion of freely falling observers in these geometries. We then 
exhibit these coordinates on Penrose diagrams, which help one visualize both the behavior of the 
coordinates and the physical situations that the coordinates can describe. 
 
 
 
Regulation of electron transfer pathways in cytochromes with aromatic amino acids 
Deaquan  and Oleksandr Kokhan 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22801 
 

 
Natural photosynthetic proteins are based upon on chains of reactions that start with sub-nanosecond 
light energy conversion into energy of electrical charges and followed by multi-step electron transfer 
(ET). Attempts to develop artificial enzymes for photosynthesis have been relatively futile due to the 
difficulty of generating sufficiently fast primary charge separation even with the smallest proteins. Here 
we report our results on attempts to accelerate ET by placing aromatic redox-active amino acids along 
the putative path of ET for the E39C mutant of PpcA, a 3-heme cytochrome. With LC-MS we verified 
protein purity and successful attachment of Ru(bpy)3 to Cys-39 in E39C, E39C/F41W, E39C/F41Y, 
and E39C/I38Y mutants. Using analytical size exclusion chromatography, we verified successful 
protein folding and removal of unreacted photosensitizers. With temperature-dependent circular 
dichroism spectroscopy, we evaluated thermal stability of both mutants. Finally, we observed 
increasing fluorescence quenching under more alkaline conditions in E39C, E39C/F41W, E39C/F41Y, 
and E39C/I38Y suggesting that Trp-41 starts to serve as an intermediate site in the ET pathway 
responsible for acceleration of ET. 
 
 
 
 
 
 
 
 
 
 
 
 



 
Using Image Analysis Software to Efficiently Track and Measure Cell Area and Perimeter Over 
Time 
Stephanie Ouderkirk1, Mary Ruth Shifflett2, Dr. Callie Miller3, and Dr. Nathan T. Wright1,  
1Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
2Department of Chemistry, Bridgewater College, Bridgewater, VA 22812 
3Department of Engineering, James Madison University, Harrisonburg, VA 22807 

 
Cells are quite dynamic, they are changing shape, stretching, contracting, and dying. These events are 
helpful in identifying healthy conditions versus unhealthy conditions, but there does not exist a robust 
and consistent process for deriving measurements from these events. The purpose of this study is to 
create a process using image analysis software to track and measure changes in cells’ area and 
perimeter over time. We regularly collect data of cell movements over three to ten hours (50-300 
frames) and consider multiple experimental conditions in controlled versus treated environments. If we 
were to manually measure the area and perimeter of all cells in these conditions, it would take countless 
hours.  In order to efficiently quantify the data, we use the image analysis software, ImageJ, with a 
machine learning plugin, WEKA. The process for measuring the area and perimeter of the cells involves 
preprocessing the movies, using WEKA to identify cell membrane, cell interior and background, 
thresholding to only identify cell membranes, and measuring each identified cell. The accuracy of 
ImageJ with the WEKA plugin was measured using the Dice Similarity Coefficient (DSC) comparing 
manually calculated cell area and the WEKA calculated cell area. A three-hour cell movie had a mean 
DSC of approximately 0.85 and a nine-hour cell movie had a mean DSC of approximately 0.87. An 
acceptable DSC is 0.8, so our image analysis process is accurate in identifying cell membranes. From 
the AI identified cell membranes, we can calculate the cell area and perimeter over time for one of our 
data sets. The cells were dying, therefore shrinking, and our results identified this trend, therefore, we 
have created an efficient and accurate process for quantifying cellular dynamics.  
 
 
Evolution of nonvolatile compounds in Cascade hops throughout the brewing of a single malt, 
single hop (SMaSH) beer 
Ashleigh E. Outhous1, Steven Harper2, Samuel A. Morton2, and Dr. Christine A. Hughey1 

1Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
2Madison Academic Brewery (MAB), Department of Engineering, James Madison University, 
Harrisonburg, VA 22807 

 
Beer is a complex mixture of volatile and nonvolatile compounds that arise from the malt, hop, and 
yeast. Hops are added for flavor and to preserve the beer. Here we study the evolution of non-volatile 
hop compounds in Cascade hops throughout the brewing of a single malt, single hop (SMaSH) beer. 
Hop compounds in the beer samples and ASBC ICE-4 standard were separated with a C18 column 
and quantified with an QqQ-MS. Ions quantified by the QqQ were putatively identified by matching 
MS/MS spectra obtained on a q-TOF to Mass Bank or spectra predicted by Agilent’s Molecular 
Structure Correlator B.8.0 software. Compounds putatively identified include pre-humulone/pre-
adhumulone, post-humulone/post-adhumulone, cohulupone, and hulupone/adhulupone. This detailed 
molecular profiling of how nonvolatile hop compounds evolve throughout the entire brewing process 
will facilitate a brewery’s ability to customize a beer’s flavor at the molecular level. 
 
 
 

 
Development and Optimization of Amine Sensing Bio-Polymer Films 
Connor Pearson and Dr. Brycelyn Boardman 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Amine sensing bio-plastics are a tool that can help solve the food and plastic waste crises. The 
bioplastic chitosan was manipulated to yield materials that are both flexible and self-adhering. Ethylene 
glycol, glycerol, xylitol, mannitol, and sorbitol were used in increasing concentration to investigate the 
effect of size and hydrogen bonding capabilities on the plasticization of chitosan. Film precursor 
solutions were prepared in 1% acetic acid of chitosan (1 and 2 wt%) and the respective polyol.  These 
precursor solutions were then cast and dried at 60°C overnight. The mechanical properties of the films 
were cataloged, and the films were further characterized with IR spectroscopy and thermogravimetric 
analysis (TGA). These indicated that 1 wt% low molecular weight (LMW) chitosan plasticized with xylitol 
or sorbitol (75 mM) were the best candidates for flexible self-adhering amine sensing films. Acetylated 
2-(2-hydroxyphenyl)quinazolin-4(3H)-one (HPQ-Ac) was used as the amine sensor and was added to 
the film precursor solutions prior to casting. The films were characterized with TGA, UV-visible, and 
fluorescence spectroscopy before and after treatment with NH3 vapor. An increase in fluorescence 
emission after exposure to NH3 vapor suggest the successful formation of a flexible and self-adhering 
amine sensing biopolymer. 
 
 
Supramolecular peptide-boronic acid gelators an L-DOPA delivery system 
Isaac Peregoy and Dr. Gretchen Peters 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The ability to deliver drugs to specific locations in the body and release them in a controlled fashion is 
critically important for patient outcomes and drug efficacy. Supramolecular gels are highly attractive for 
such drug delivery applications, as they are generally biocompatible and stimuli-responsive. Herein, 
we report a series of peptide-based supramolecular gelators with boronic acid handles ([Phe]nBA) 
designed to target and reversibly release the Parkinson's disease drug levodopa (L-DOPA). We found 
that self-supporting hydrogels form with these derivatives at neutral pH when n>2 (i.e., tripeptide or 
longer). NMR titrations and alizarin red S fluorescence assays indicate that ([Phe]nBA) readily binds to 
L-DOPA via boronate ester linkages. Furthermore, since the boronic acid unit is not directly involved in 
the gelation process, we found that we can incorporate high concentrations of L-DOPA into the 
[Phe]3BA hydrogel. This L-DOPA loaded gel has potential as a controlled and targeted release system 
for L-DOPA and is highly attractive for biomedical applications. 
 
 
 
 
 
 



 
Integrating Bioplastics in Undergraduate Education 
Tashi Poe, Dr. Christopher Berndsen, and Dr. Daniel Blumling 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Bioplastics are safer and more environmentally friendly than petroleum-based plastics because they 
are made from and degrade into largely innocuous molecules and are often easily recyclable. 
Bioplastics are increasingly prominent in packaging and other industries due to the long lifespan and 
poor degradation of petroleum-based plastic. Petroleum-based plastic often degrades into 
microplastics, which are harmful and have been found in undesirable places such as in animal meat 
and in human lungs and placenta. Bioplastics can be made from biomolecules such as naturally-
occuring, plant-based starches. The Berndsen lab has an interest in beta-amylases, which are 
enzymes that break down starch, and we are hoping to apply that interest in the long term by breaking 
down our starch-based bioplastics using beta-amylases. The ultimate goal of our research is an 
infinitely recyclable bioplastic. In an effort to bring bioplastics into undergraduate education, we have 
developed a set of techniques and procedures for synthesizing and testing bioplastics in the general 
chemistry second semester lab course at James Madison University. We tested the chemical and 
physical properties of our bioplastics such as tensile strength, IR transmittance, and dissolution in 
water, which all can be tested within the confines of the general chemistry curriculum. Our procedures 
allow us to make a plastic from starch that should give us pure maltose if breakdown by beta-amylase 
is successful. If possible, we will polymerize the maltose into new plastic, but if not, we can use the 
maltose as chemical feedstock. Our research may be useful in helping scientists find a way for humanity 
to leave petroleum-based plastics behind. 
 
 
 
Synthesis of N-Triazolylpropanamide and N-Pyrazolylpropanoate Derivatives as Potential 
Ligands with Noble Metals 
Stuart A. Regitz, Daniel P. Musikanth, Donna S. Amenta, and John W. Gilje 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The reaction of 1,2,4-triazole with diacetone acrylamide yields a triazolylpropanamide derivative (L1) 
by a base catalyzed Michael addition. An analogous reaction of 3,5-dimethyl pyrazole and methyl 
acrylate produced a N-pyrazolylpropanoate derivative (L2). Another N-pyrazolylpropanoate derivative 
(L3) was similarly synthesized from pyrazole and methyl acrylate. Saponification of L2 and L3 gave 
corresponding carboxylate salts. Acidification yields the corresponding carboxylic acids. Reactions of 
these species with (H3N)2PtI2 and (COD)PdCl2 were investigated by IR and NMR spectroscopy. 
 
 
 
 
 
 
 
 
X-ray Obscuration around Supermassive Black Holes in Active Galaxies 

 
Abraham Reines and Dr. Keigo Fukumura 
Department of Physics and Astronomy, James Madison University, Harrisonburg, VA 22807 
 
We investigate the X-ray obscuration of active galactic nuclei (AGNs) in the context of an accretion disk 
wind scenario.  In this model, hard X-ray from AGN (i.e. corona) can be substantially photoionized and 
absorbed by such winds launched from the accretion disk.  By utilizing magnetized disk wind models, 
we develop and construct computational scheme that allows us to calculate absorption features of AGN 
hard X-ray spectrum (e.g. 5keV – 50keV).  Through synthetic spectral modeling, we obtain absorbers 
column density (NH) as a function of the number of physical characteristics of AGN and outflowing disk 
winds (e.g. hard X-ray photon index, AGN X-ray luminosity, wind density, and inclination).  By 
calculating the NH function, we model the fraction of obscured AGN as a function of AGN luminosity 
which can be tested against a large sample of AGN surveys in literature.   
 
 
 
 
 
 
Investigation into the Structure and Activity of the Protein BAM1Investigation into the Structure 
and Activity of the Protein BAM1 
McKayla B. Riney1, Jonathan D. Monroe2, and Christopher E. Berndsen1 

1 Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
2 Department of Biology, James Madison University, Harrisonburg, VA 22807 

 
Starch in plants is a large polymer of glucose that stores excess glucose for times of limited 
photosynthesis such as at night. Starch and derivatives of starch are used in many industrial processes 
such as laundry and papermaking while also playing a nutritional role for humans and other animals. 
In plants, regulation of starch storage and degradation is a multifaceted system that allows the plant to 
adjust carbohydrate storage in response to a variety of environmental and stress conditions. However, 
we have an incomplete picture of how this process is regulated. β-amylases or BAMs hydrolyze starch 
to produce maltose, a key carbohydrate in plant metabolism. Plants contain many BAM proteins, and 
each has an apparently unique function and regulatory mechanism, although this is an area of active 
research with many outstanding questions. In plants the proteins BAM1 and BAM3, do the majority of 
the breakdown of starch, and each protein is activated under different conditions. The degradation of 
starch by BAM1 is activated when the plant undergoes osmotic stress. BAM1 is suggested to be 
regulated by a redox reaction, however there is currently no structural or biochemical evidence 
describing this regulation. A better understanding of the structure and the activity of the protein will 
allow us to improve the many industries that are so crucial in our day to day lives. To address the 
structure of BAM1, we purified the protein from E. coli cells and ensured the protein was folded through 
the use of circular dichroism. We then collected small angle X-ray scattering (SAXS) data on BAM1 
and analyzed the data to determine solution dimensions of BAM1. That data were then compared 
against SAXS data from other BAM proteins collected in our lab. The preliminary SAXS data and 
comparison supports BAM1 being a monomeric protein. Another part of this project was to determine 
the activity of BAM1 whether activity was affected by oxidizing the protein as has been previously 
suggested. We are optimizing the dinitrosalicylic assay (DNS) to investigate the activity of BAM1. The 
next step in this project is to investigate further into the proposed redox regulation of BAM1, look into 
whether it is affected by the presence of a variety of salts, and to determine if it has any effect on the 
protein’s activity. 
 
 
 
 
 
 



 
Surface-dependent selectivity of ethanol with TiO2 modified Au(111) model catalysts 
Clayton J. Rogers, Lyssa A. Garber, Jordon S. Baker, and Dr. Ashleigh E. Baber 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
The dehydrogenation of small primary alcohols is widely used throughout industry to create H2 and 
aldehydes, a feedstock chemical for further manufacturing processes.  Most dehydrogenation is done 
with a “wet” reaction, which involves dehydrogenation using water.  This is wasteful and complicates 
the separation process for the desired products reducing the yield available for further use.  The use of 
oxide catalysts has been studied as an alternative to create a “dry” reaction.  The use of reducible 
oxides provides a source of oxygen on Au(111) for the reaction of ethanol, which is easily regenerated 
in the presence of an oxygen background. TiO2/Au(111) catalysts prevent complete oxidation to CO2, 
reducing the greenhouse emissions produced during manufacturing.  The partial oxidation products for 
ethanol reaction over TiO2 nanoparticles on Au(111) observed are acetaldehyde and ethylene.  In this 
work the role of surface modifications of TiO2 nanoparticles on Au(111) is investigated to control the 
selectivity of the ethanol reaction.  Temperature programmed desorption (TPD) studies show that low 
coverages of TiO2, after fresh oxidation, are 100% selective towards acetaldehyde formation.  The 
selectivity is maintained for several experiments unlike higher coverages of TiO2.  Atomic force 
microscopy (AFM) was used to image and determine the morphology of the surface. Therefore, the 
selectivity of the reaction is based on surface coverage and particle size of the TiO2. 
 
 
 
Protecting Mutations in Human Desmoplakin with Small Molecules 
Isabel Romov1,2 and Nathan Wright2 

1Biotechnology Program, James Madison University, Harrisonburg, VA 22807 
2Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Desmoplakin (DSP) is an integral component of the desmosome, a subcellular structure that links the 
intermediate filament networks of adjacent myocytes. In cardiomyocytes, the desmosome maintains 
both cell-to-cell adhesion and promotes electrical synchronization. Four DSP mutations; R451G, 
S299R, S507F, and S442F, are strongly correlated with arrhythmogenic cardiomyopathy (ACM) in 
humans. Analysis of these mutations revealed the exposure of a previously-occluded calpain cleavage 
site, thus making DSP hypersensitive to calpain degradation. Moreover, a secondary mutation, L518Y, 
occludes this exposed cleavage sight and partially rescues calpain-dependent DSP mutant 
degradation. Here we expand these findings and show that small molecules can also act as ‘molecular 
band-aids’ to prevent mutant DSP degradation. We use both fluorescence polarization assays and 
computational screenings to monitor the effects of small molecules on DSP stability. This work shows 
that DSP has a potential ‘druggable’ pocket, and small molecule binding can occlude the DSP calpain 
cleavage site. 
 
 
Structural Control of Ultrafast Charge Transfer in PpcA-Ru(bpy)3 Complexes 

 
Zachary D. Ryan and Oleksandr Kokhan 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
 

 
Converting light energy into its electrochemical equivalent requires precise control and fine-tuning of 
relevant kinetic and thermodynamic parameters of electron transfer (ET) steps. A particularly big 
challenge for artificial photosynthesis is to create the primary charge separation on the ultrafast (sub-
nanosecond) time scale, as slower reactions are likely to require precious metal photosensitizers and 
produce significant amounts of reactive oxygen species. However, the structural requirements for 
ultrafast ET are poorly understood. The previous work from our lab has demonstrated that ET rates do 
not strictly depend on the distances. Similarly, we have demonstrated that short ET pathways through 
covalent bonds do not always result in ultrafast ET.  We hypothesize that a rigid attachment of 
photosensitizers and efficient heat dissipation into the protein framework are needed for ultrafast ET. 
To test this hypothesis, we developed 13 new mutant forms of PpcA with the attachment cysteine sites 
showing restricted solvent exposure. We successfully labeled 11 out of 13 with Ru(bpy)3 and observed 
the expected complex masses in LC-MS. Analytical size-exclusion chromatography revealed the 
absence of aggregation and predominantly monomeric forms. Temperature-dependent circular 
dichroism (CD) spectroscopy showed the absence of any significant destabilization of the protein 
structure due to mutations and photosensitizer attachment, apart from I38CRu. Finally, we measured 
electron transfer rates that show that 9 out of 11 PpcA-Ru(bpy)3 complexes show ultra-fast electron 
transfer. 
 
 
 
 
 
Design Principals of 2-Dimensional Material Transferring Devices 
Justin Sharp, Harry Hu 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
Center for Materials Science, James Madison University 

 
Dry and wet transfer of monolayer graphene was investigated with optical microscope (OM), atomic 
force microscopy (AFM), scanning electron microscopy (SEM), Raman spectroscopy, and ellipsometry.  
The surface free energy of a substrate plays a major role in the adhesion of graphene. Electrostatic 
force (EF) assists the adhesion of graphene to a substrate with low surface free energy. For wet transfer 
method, Raman spectroscopy suggests the presence of monolayer graphene while microscope images 
show that graphene flakes are completely crumpled up by surface tension of suspension fluid during 
drying. Preliminary results from critical point drying indicates that supercritical fluid (SCF) with minimal 
surface tension is necessary to maintain flatness of graphene flakes in the drying process. 

 
 
 
 
 

 
Hydroboration of Silyl Enolates 



 
Era Shehu and Dr. Barnabas Otoo 
Department of Chemistry, Bridgewater College, Harrisonburg, VA 22812 

 
Silyl protecting groups are inert groups that serve to protect an oxygen atom from reacting with many 
reagents. Protecting groups like trimethylsilane (TMS), t-butyldimethylsilane (TBS), and triisopropyl 
silane (TIPS) can be added to ketones in the presence of a base to form the corresponding enolates. 
Theoretically, a simple hydroboration-oxidation of a silyl enolate should provide a trans-1,2-diol. 
However, only trace amounts of the diol have been isolated so far when TMS, TBS, and TIPS silyl 
enolates of 4-methoxyacetophenone were hydroborated. In all cases, between 50-80% of the product 
was the reduced ketone. In the case of TMS, the 1,2 reductive transposition product, 2-(4’-
methoxyphenyl)ethanol, was isolated in a 11% yield.  
 
 
 
 
 
 
Quantifying Cell Mechanics with Image Analysis and Mathematical Modeling 
Mary Ruth Shifflett1, Stephanie Ouderkirk2, Dr. Callie Miller3, and Dr. Nathan T. Wright2 

1Department of Chemistry, Bridgewater College, Bridgewater, VA 22812 
2Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 
3Department of Engineering, James Madison University, Harrisonburg, VA 22807 

 
Obscurin is a large protein found in regions of epithelia cells that experience tension. In order to quantify 
cell membrane tensions, a mathematical model needs to be created based off of experimental data. 
The first step is to mathematically describe cell shape and size using image analysis. Image analysis 
is a commonly used technique that quantifies cell properties for experimental images and videos. The 
challenge in using image analysis to identify cell membranes is the varying experimental conditions 
and images. We use an AI plugin for ImageJ called WEKA to help identify and quantify the cell 
membranes from experimental videos. With the ImageJ identified membrane data, we created a 
mathematical model in MATLAB to further quantify the cellular membrane area and perimeter, while 
also tracking the change in cell length. Strain rate is the ratio of the change in length and this value 
describes a mechanical property of the cell membrane for the experimental movies. The process we 
developed is largely automated, meaning we can statistically describe a cell faster and with more 
accuracy than by performing manual calculations. In the future, this process and model will be used to 
predict areas of high tension to see if obscurin is localized to high tension areas.  
 
 
 
 
 
Statistical Evaluation of the Extraction of Phytocannabinoids from Hemp 

 
Rachel J. Stegmeier, Samantha Forbes, Dawson Bowles, Valerie Nelson, and Dr. Daniel M. Downey 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Cannabis sativa (hemp) is a flowering plant used for recreational and industrial purposes that contains 
a class of compounds called phytocannabinoids. Industrial hemp is a class of Cannabis sativa that has 
been propagated for low tetrahydrocannabinol (THC) and high cannabidiol (CBD) content. For legality, 
crops must be destroyed if THC content levels exceed the maximum legal limit of 0.30%. Regulators 
collect hemp samples from farms for testing at certified laboratories to ensure compliance. In the 
present study we have statistically evaluated all steps of the procedure including sample collection, 
handling, transport, drying, extraction, and instrumental analyses.  We began by analyzing certified 
standards, limits of detection (LOD), limits of quantitation (LOQ), High-Pressure Liquid 
Chromatography Ultraviolet Detection (HPLC-UV) and Gas Chromatography Flame Ionization 
Detection (GC-FID). We also studied variations in cannabinoid content within different parts of the same 
plant and as well as compared to other crops. The handling and age of samples, degradation of 
calibration standards, extraction solvents, and other factors were also studied. Measured LOD / LOQ 
values were: total CBD ppm 0.33 / 1.39 (GC), 0.14 / 0.52 (HPLC); total THC ppm 0.13 / 0.48 (GC), 0.14 
/ 0.53 (HPLC). Data obtained by the standard methods showed that THC concentrations varied greatly 
from the top to the bottom of the plant with values of 0.39%, 0.25%, and 0.23% for THC, respectively. 
This indicates that overall cannabinoid content is not often represented in compliance testing, which 
may cause crops to be destroyed by regulators, resulting in a significant economic loss to farmers.  
 
 
Beeromics: Targeted metabolomic pathway analysis to monitor the evolution of flavor 
compounds from amino acids 
Leighann R. Weber1, Lynn E. Marsh1, Steven Harper2, Samuel A. Morton2, Christine A. Hughey1 
1Department of Chemistry & Biochemistry, James Madison University, Harrisonburg, VA 22807, USA 
2Madison Academic Brewery (MAB), Department of Engineering, James Madison University, MSC 
4113, Harrisonburg, VA 22807, USA 

 
Beer is a complex mixture with a unique flavor profile that consists of volatile and nonvolatile 
compounds. Headspace techniques coupled with GC/MS are routinely used to profile flavor 
compounds in beer. However, little attention is given to the nonvolatile compounds from which flavor 
compounds are produced due to the complexity of the beer matrix. The advancement of MS-based 
metabolic techniques, affords the ability to profile both the volatile and nonvolatile compounds so that 
the production of flavor compounds throughout each stage of the brewing process can be better 
understood. Here SPME GC/MS and HILIC q-TOF MS were used to monitor the production of flavor 
compounds from 17 malt-derived amino acids. This was accomplished by collecting samples 
throughout the mashing, boiling and fermentation of a single malt, single hop (SMaSH) pale ale. The 
data collected using SPME GC-MS was compared to the data collected using HILIC q-TOF MS. As the 
amino acid concentrations decreased during fermentation, the associated flavor compounds increased. 
Mass Profiler Professional pathway analysis was used to identify metabolomic pathways of interest (i.e. 
Ehrlich and Shikimate pathways). Understanding the metabolic pathways that produce flavor 
compounds will allow us to manipulate beer on a molecular level and control its flavor profile.  
 
Peptide-polymer hybrids for improving peptide gelation 



 
Paul Wilson and Dr. Gretchen Peters 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Peptides, particularly diphenylalanine, are known to self-assemble and form fibrous, supramolecular 
gels. Because these systems are biocompatible and non-toxic, they are useful for a number of different 
biomedical applications, such as tissue engineering and drug delivery. Despite these attractive 
features, optimizing the gelation conditions for peptide gelators is not trivial. Thus, there is an interest 
in developing methods that improve and simplify peptide gelation. In this work, we report a hybrid 
peptide-polymer gel formed under basic conditions with diphenylalanineboronic acid (FF-BA) and 
polyvinyl alcohol (PVA) in DMSO:H2O mixtures. FF-BA was readily synthesized via solid-phase peptide 
synthesis, while PVA is commercially available. Gelation with this system occurs at ≥ 65% DMSO and 
requires excess NaOH, suggesting a boronate ester is a key structural feature of the gel network. 
Notably, in the absence of FF-BA, stiff gels are not observed. The properties of these gels and the 
gelation mechanism was investigated rheologically. We propose that gelation occurs via the formation 
of boronate ester linkages between PVA and FF-BA and subsequent self-assembly of the peptide unit.  
 
 
 
 
 
Towards Using CRISPR to Develop an Obscurin Knockout MDCK Cell Line 
Micah Yoder, Dr. Nathan T. Wright 
Department of Natural Sciences, Mansfield University of Pennsylvania, Mansfield, PA 16933 
Department of Chemistry and Biochemistry, James Madison University, Harrisonburg, VA 22807 

 
Obscurin is a giant cytoskeletal protein found in eukaryotic cells where it performs various structural 
and regulatory processes. Although the specifics remain unknown, obscurin activates adhesion, 
migration, and force generation pathways in epithelial cells. Acting as a tumor suppressor, obscurin is 
one of the most mutated genes in breast and colorectal cancers. Others have shown that cells 
containing mutated OBSCN genes undergo an epithelial to mesenchymal transition. In an effort to 
better understand the biomechanical pathways related to obscurin, here we seek to produce an 
obscurin knockout in epithelial MDCK cells. Utilizing the CRISPR-Cas9 gene editing system, we have 
selectively mutated the OBSCN gene. This technique involves transfecting CRISPR plasmids into an 
MDCK cell colony, screening the colony for GFP expression, isolating transfected cells to grow 
monoclonal cell lines, harvesting the monoclonal DNA to send off for sequencing, and further verifying 
loss of obscurin through western blots. 
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