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Role of mRNA Structure in Gene Regulation by sRNA
Kristin Martens ‘23, Rachel Trebesch ‘25
Faculty Sponsor: Janie Frandsen, Biochemistry and Molecular Biology

Antibiotic resistance is a major public health issue worldwide. As researchers work to develop new
antibiotics against these infections, targeting bacterial non-coding RNAs such as small RNAs (sRNAs) will
be an important strategy. These RNAs regulate gene expression during bacterial stress responses to
maintain homeostasis. It is known that sRNAs bind to multiple mRNAs; however, it is not understood what
features of this interaction dictate the order in which the mRNAs are bound. This research seeks to
understand the structure-function relationship of the sRNA-mRNA interaction in Escherichia coli by
studying sRNA binding site accessibility across mRNAs. Computational data mining of existing structure
probing data of the E. coli genome provides insight into mRNA structures and the accessibility of the
sRNA binding sites. Structure probing is a method that chemically modifies unpaired bases in RNA, and
quantification of these modifications informs RNA structures. Sites along the mRNA that are modified
more often are more accessible. Based on what is known about the mechanism of regulation by sRNAs,
we hypothesize that repressed genes will have a higher sRNA binding site accessibility compared to the
entire mRNA, and activated genes will have a lower sRNA binding site accessibility. Analysis of numerous
mRNA targets has helped determine trends in binding site accessibility for four sRNA targetomes. Overall
most targets follow the hypothesis, though outliers certainly exist and warrant further study. Ultimately,
applying the knowledge gained from this work will be useful in developing antibiotics that hinder regulation
by sRNAs.

Gender Differentials in Deliberative Participation
Kendra Smaby ‘24
Faculty Sponsors: Pamela Conners, Communications Studies, Amanda Nienow, Chemistry

Gender differentials exist in virtually every aspect of our lives, in our daily interactions and our institutions
as well as in deliberative participation. Although somewhat limited, previous research indicates a
threshold percentage of women present that will encourage their participation as well as noting that
positive reinforcement and unanimous rule when women are the minority increase their sense of power
and contribution to the deliberation.
In order to add to the body of literature on the subject of gender differentials in deliberative democracy,
this study focuses on determining what gender differentials exist in the 15 transcribed deliberations and
what factors can be determined to have a correlation with the existence of a differential.
The study analyzes the transcripts of 15 deliberations on water contamination conducted by a peer
facilitator in randomly assigned groups of students in the same entry level chemistry lab group. These
transcripts are analyzed quantitatively using word counts to determine the per capita level of participation
of the average male and average female in each of the distinct deliberation groupings. This data is then
compared to data from different groups to test the validity of the critical-mass theory.
Although there does not seem to be a distinct pattern of correlation with the facilitator’s level of training,
the facilitator’s gender, or the gender distribution of the group, in 9 out of 14 deliberations that had both



male and female participants, the per capita wordcount of male participants was higher than the per
capita word count of female participants. The factors that cause this gender deliberation are unclear,
however the study makes it clear that a differential does exist.
It is clear that further research is needed to determine which factors can elevate women to the same level
of participation as men as it has been experimentally demonstrated that a gender differential does exist.
Future research should seek to analyze a greater number of transcripts to give its results greater
statistical significance.

The Importance of Facilitator Persona
Courtney Leonard ‘22
Faculty Sponsors: Pamela Conners, Communications Studies, Amanda Nienow, Chemistry

Facilitation research has largely reflected on facilitator experience and the strategies they use to
moderate discussions, but there has been little exploration of facilitator style. This essay develops
definitions of different persona that facilitators commonly adopt. These persona can be useful for
instructors teaching facilitation and can support further research about how facilitator style may influence
deliberation. This study develops definitions for four facilitation persona based on the analyzed
techniques used by minimally and highly trained facilitators leading introductory chemistry student
deliberations in Fall 2021. Facilitation is a rhetorical art in which we must think about the other factors that
influence the discussion. To create these definitions, I analyzed 15 two-hour deliberations held in an
introductory chemistry course at Gustavus Adolphus College that were recorded and transcribed. In my
first review of the text, I identified techniques that facilitators used to get participation through their framing
of the discussion. I then thematized the strategies deployed by the different facilitators and characterized
them using four personae. The Tour Guide, The Drill Sergeant, The Time Keeper, and the Substitute
Teacher. As interpretive frameworks – not normative categories – these persona recognize that
deliberation may be influenced in different ways depending on the experience, personal development,
and instruction. Because facilitation is a rhetorical act in which the moderator must make choices and
respond to contextual conditions, understanding how different facilitators adopt different personas
recognizes that despite common training, the way that facilitators moderate a conversation may vary
depending on their own style and identity.

Perspective-taking Through Personal Storytelling in Deliberation
Carley Swanson-Garro ‘23
Faculty Sponsors: Pamela Conners, Communication Studies, Amanda Nienow, Chemistry

Since Laura Black’s research on storytelling as a form of dialogic engagement in deliberative settings, the
question of how personal narrative impacts perspective-taking in deliberation has remained open-ended.
Ottonelli addressed the drawbacks of facilitators prompting personal narratives, including embarrassing or
retraumatizing members of marginalized communities. Therefore, this research focuses on participant-led
storytelling and its impact on deliberative outcomes. I define personal narratives as stories based on
participants’ experiences or the experiences of people they know personally, such as family members. As
part of NSF grant #2012931, I read transcripts of recorded undergraduate chemistry students’
deliberations on environmental contaminants. During the deliberation, participants discussed 3 possible
options to address an environmental problem and were then instructed to choose one of the options,
combine parts of different options, or create their own solution. In my analysis, I mapped personal stories
and solutions most favored in each deliberation. The personal narratives often involved community
members directly impacted by environmental contaminants, which required participants to engage with



different perspectives. In deliberations where participants shared personal narratives, students prioritized
community support and outreach within the existing options. Many groups with storytellers also developed
their own community-based solutions. These findings point to the importance of storytelling as a tool for
perspective-taking in deliberation, and future research should investigate the connection between
perspective-taking and community-based deliberative solutions.
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Design and Application of a Linear Two-Dimensional High-Performance Liquid Chromatography
System
Haley Jostes, Zach Kruger, Rachel Trebesch, Tina Dahlseid, Chad Pickens, Zach Dunn, Dwight Stoll
Faculty Sponsor: Dwight Stoll, Chemistry

Two-dimensional liquid chromatography (2D-LC) is an extremely valuable approach to increasing the
separation power of instruments to solve complex analytical problems. 2D-LC is used as an analytical tool
in forensics, biopharmaceutical analysis, chemical industries, and more. However, this system typically
consists of two full instrumentation stacks costing approximately $250,000 and requiring copious amounts
of physical benchtop space. In this study, we aimed to simplify the traditional 2D-LC system by eliminating
the use of the pump, degasser, and column compartment duplicate modules, resulting in a linear 2D-LC
system. To replace these modules, the system was interfaced with a valve compartment capable of
directing flow, trapping analytes in loops, and diverting flow to waste. To determine the functionality and
characterize the simplified instrument, we explored several applications. As a sample preparation step,
the linear 2D-LC system was used to concentrate minute quantities of an analyte of interest between the
two dimensions. To demonstrate a traditional application, two enantiomers of warfarin were separated
from one another. Finally, the ability to properly execute a solvent exchange to improve the compatibility
of conventional separations with mass spectrometry detection was investigated using insulin as a target
analyte. Additional characterization experiments involved manipulating column and analyte
characteristics, determining the impact of detector parameters, and identifying the importance of solvent
dilution between dimensions. We find that it is possible to operate the linear 2D-LC system in all of these
applications with results comparable to traditional systems. The reduction in both space and costs makes
2D-LC more accessible.

Investigation of retention data variability among different reverse phased columns over a period
of two years.
Jos Bhandari ‘24
Faculty Sponsor: Dwight Stoll, Chemistry

The WikiChrom project in the Stoll Laboratory aims to gather retention and selectivity data from as many
compounds possible and organize all of it into a database which can then be used by scientists to predict
separations. This project uses the reverse-phase liquid chromatography approach. Consistency of
retention measurements over time and across multiples columns have not been thoroughly investigated in
the past, whereas in the current work some columns have been used for over two years and while doing
so, major changes in retention data were observed in one of the columns. Retention data for
ethylbenzene from two different columns were analyzed: SB-C18 (Zorbax, Agilent) and Eclipse XDB-CN
(Zorbax, Agilent). Variations in retention factor and selectivity values over time were observed to be



smaller with SB-C18 while the Eclipse XDB-CN column produced highly variable results over time. After
going through the data, it was found that the number of injections made with the SB-C18 column was
more than double the number of injections made with the XDB-CN column. Thus, we conclude that the
number of injections had nothing to do with inconsistent results. This experiment raises the question that
even under the same conditions, do columns produce different results for the same compound because of
changes in the stationary phase chemistry?

Improvements to High Throughput Measurement in Liquid Chromatography by Predicting
Retention Factors Based on Column Chemistry
Trevor Kempen ‘22
Faculty Sponsor: Dwight Stoll, Chemistry

Big-data is a powerful resource for building models and making predictions. This is especially important in
Liquid Chromatography because experimentation is costly. The ability to predict the retention times of
analytes could decrease a lot of the cost associated with method development. This work continues to
develop an approach for high throughput retention measurements to increase the expansion of big data in
Liquid Chromatography. However, retention measurements in liquid chromatography are only useful if the
retention time of the measurement is reasonable in magnitude. One of the main challenges with obtaining
measurements of reasonable magnitude is selecting experimental conditions. In the past, the LogD value
of a compound has been used to predict a set of experimental conditions that would produce reasonable
retention times, but the logD property of a compound is inadequate for this purpose because it cannot
describe the complex interactions between a compound, mobile phase, and stationary phase system. In
this work, the retention of a compound on a standard C-18 stationary phase was used to predict the
experimental conditions needed to yield reasonable retention times on a different stationary phase. The
algorithm implemented for this approach also generated theoretical retention times that were used to
predict an efficient analysis time for the measurements. This approach has the potential to improve the
efficiency of big data production and double the throughput of retention measurements in Liquid
Chromatography.

2D-LC Analysis of Tween 80
Axel Lange ‘22
Faculty Sponsor: Dwight Stoll

Pharmaceutical excipients are important inactive ingredients used in a variety of drug formulations.
Excipients can be used to improve the effectiveness of the drug in multiple ways, from acting as delivery
agents to disintegrants, or as binders, coatings and fillers. Polysorbate 80, also known as Tween 80 or
PS80, is a commonly used excipient and found in many protein-based vaccinations and other drugs. Due
to molecules such as PS80 being bought in large quantities for drug production, there are many other
molecules present in the batches. Among these other molecules, there are many isomeric structures
which complicate the analysis of the batches. Having a comprehensive understanding of the molecules
present is important to the effort of making the drugs which utilize the excipient more effective. In this
study, a two-dimensional high performance liquid chromatography method employing time-of-flight mass
spectrometry was developed with the goal of good separation of the major molecules present in Tween 80
batches.
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Search for New Physics Beyond the Standard Model at CERN
Katelyn Espe ‘23
Faculty Sponsor: Mark Kruse, Duke University

The ATLAS Collaboration at the European Council for Nuclear Research (CERN) seeks out New Physics
Beyond the Standard Model, including a search for the Z′ boson in four top quark events. An extension of
the current Z′ boson search is conducted by considering same-sign dilepton (e or μ) channels. A
preliminary approach to sorting the detectable decay particles based on their kinematic properties is
investigated to propose a method for determining the particles associated with the Z′ boson decay in four
top quark events.

Nonsense-mediated Decay of mRNA transcript CEP3
Annie Corbett ‘23
Faculty Sponsor: Jeff Dahlseid, Biochemistry and Molecular Biology

The appearance of a genetic trait depends on whether the corresponding gene is “expressed”, a
phenomenon that involves multiple molecular steps and DNA, RNA, and protein molecules. Messenger
RNAs (mRNAs) are enzymatically synthesized and are copies of the genetic information stored in DNA
that code for the synthesis of proteins, which provide structure, support, and facilitate movement for a cell.
In addition to the synthesis of RNA and proteins, degradation of RNA also plays a role in gene
expression, ultimately influencing the amount of protein and thus the degree of genetic trait that is
apparent. For mRNA degradation, one important mechanism includes deadenylation-independent
decapping (also called nonsense mediated decay, or NMD). NMD is a cell surveillance mechanism that
accelerates the decay for many aberrant, and some non-aberrant, mRNAs. In this study, we analyzed
CEP3, a naturally occurring, non-aberrant mRNA degraded by NMD. We will present results testing and
describing the enzymes involved and RNA features responsible for NMD recognition of CEP3. Overall,
our goal is to understand the determinants of molecular recognition for NMD.

Measurement of spin-torque ferromagnetic resonance exhibited by noncollinear antiferromagnet
Mn3Sn
Amber Simon ’23
Faculty Sponsors: Myoung-Woo Yoo, Axel Hoffmann, University of Illinois Urbana-Champaign

The spin currents resulting from the spin Hall effect in noncollinear antiferromagnets, such as Mn3Sn,
have been shown to exhibit large out-of-plane torques on nearby materials. This, along with the
antiferromagnet’s high degree of symmetry, would allow Mn3Sn to change the magnetization of nearby
materials with high efficiency, showing promise in future data storage devices. In this study, the ability of
Mn3Sn to alter the magnetization of an adjacent ferromagnet was examined by performing spin-torque
ferromagnetic resonance (ST-FMR) measurements on thin-film bilayers.

Late Cretaceous and early Paleocene paleosol morphology and geochemistry of the southwestern
U.S.
Morgan Mellum



Faculty Sponsor: Erik Gulbranson, Environment, Geography, and Earth Sciences

The Cretaceous-Paleogene (K-Pg) mass extinction, more commonly known as the extinction that killed
the dinosaurs, is well-studied in terms of the extinction of species. However, less is known about how the
climatic processes were affected by the Chicxulub impact. Previous research indicates that the Late
Cretaceous paleoclimate was warmer and more humid relative to the modern. However, an inferred
million-year scale global cooling preceded the extinction. This study addresses how the processes that
acted on pre-extinction paleolandscapes affected the climate response of these environments in the
aftermath of the K-Pg impact. The experimental design includes three study areas over a
northwest-southeast trending region that ranges from 1,000–2,500 km from the impact site. Sedimentary
strata preserved in the study region are Late Cretaceous (Campanian and Maastrichtian) and early
Paleogene (Danian) in age. The strata are preserved and exposed over 10s of km in all three field
locations and include paleosols (fossil soils), river deposits and wetland deposits. Paleosol morphology,
when controlled for landscape variability, indicates that the most prominent effect of the K-Pg impact was:
1) a decrease in chemical weathering; and 2) the balance of erosion and depositional processes in the
study area. Preliminary paleoatmospheric CO2 concentrations display a pronounced increase during the
Maastrichtian to ~4x pre-industrial concentrations (PAL), followed by a decline to 2.4xPAL. No significant
change in pCO2 is observed across the extinction. These observations likely reflect the combined
influence of ecosystem restructuring of soil formation and depositional processes.
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Noise Reduction in Ultrasonic Measurements Using Deep Learning
Ronard Pabi ‘24
Faculty Sponsor: Tom Huber, Physics

In measuring Ultrasonic waves, there is often a great amount of noise recorded. This distorts the data
measured and makes it hard to visualize these waves. Denoising this data is often done by averaging
multiple datasets which takes a lot of time and resources. Using deep learning, we hope to denoise
ultrasonic measurements without having to average multiple inputs in order to save a significant amount
of time and resources.

Effect of Mobile Phase Preparation Methods on Acidic and Alkaline Pharmaceutical Analyte
Retention using Reversed-Phase High-Performance Liquid Chromatography
Nathan Cole-Dai ‘25, Trevor Kempen ‘24
Faculty Sponsor: Dwight Stoll, Chemistry

Gradient elution retention data used to train predictive algorithms for reversed-phase high-performance
liquid chromatography separations must be accurate so that commercial medication manufacturers can
reliably purify, identify, and isolate compounds used in their products. While compiling experimental
results for multiSim, one such HPLC algorithm, we recently changed our protocol for preparing a buffer
solution used in our mobile phase. Resulting inconsistencies in retention factors and selectivity values for
numerous organic compounds, whose data is incorporated into our online predictive model, signify our
need to repeat some retention measurements. This study assesses the effect of preparing a 25 mmol/L
ammonium formate buffer using the solid compound, as opposed to aqueous formic acid and ammonium



hydroxide as before, on the selectivity (α) values of 59 different analytes. While holding constant the
stationary phase of the column (Agilent Zorbax SB-C18) and the various buffer-acetonitrile proportions of
our mobile phase, we discovered that a 0.6-unit decrease to a pH of 2.6 observed in our fully aqueously
prepared buffer significantly affects the retention of most of our analytes. Specifically, we found that 58
analytes experienced an increase or decrease in selectivity greater than one percent when eluting with
our new 3.2-pH buffer, in contrast to our old solution. Attributing this pattern to frequent losses of
ammonia vapor caused by repeatedly opening a bottle of aqueous NH4OH, with respect to our
experiment’s results, we resolve to prepare our buffer using ammonium formate salt in the future, thereby
keeping multi Sim accurate for its users.

Listening to the radio sounds of space as a method to detect extrasolar moons
Erin Coleman ‘25, Anne Monroe ‘25
Faculty Sponsor: Darsa Donelan, Physics

The electromagnetic interaction between Jupiter and Io, its closest moon, causes bursts of radio waves
that can be observed from Earth. These Io storms can be separated into three categories by the positions
of Jupiter and Io into several types, each with distinctive characteristics. This project utilized two 15 meter
dipole antennas and a radio receiver connected to a computer running spectrograph software to collect
and record the intensity of radio waves across an 8 MHz spectrum during all three types of Io storms. In
future, storm data will be used to train a deep learning model to search for extrasolar moons orbiting gas
giants. A deep learning model needs a large dataset for training, so it is necessary to take every
opportunity to record storm data. This can be difficult due to the timing of observable storms, which are
typically in the nighttime or very early morning, as well as the quantity of data required, so this project also
made preliminary steps toward incorporating a Raspberry Pi microcomputer to automate data collection.

Genome Engineering in Arabidopsis thaliana to Investigate Environmental Stress Response
Kristin Simphoukham ‘24, Emma Stock ‘25
Faculty Sponsor: Katie Leehy, Biology

Climate change is an ever evolving issue in today’s society, impacting food supplies and crops alike. As
global warming and climate change become more pressing, the need for specialty crops that can
withstand these changes increases. Arabidopsis thaliana is an important model organism in biological
research and plant science as it has a fast life cycle, an easily manipulated genome, and is closely related
to economically important plants (i.e. cabbage, broccoli). A recent stress screen identified hundreds of
long intergenic noncoding RNAs (lincRNAs) in Arabidopsis thaliana that may relate to tissue-specific
stress response. Some of these identified noncoding genes have not yet been characterized in-vivo, and
can be studied using the CRISPR/Cas9 genome engineering mechanism for phenotypic purposes.
CRISPR constructs were developed to target twenty promising lincRNA genes to determine their function.
The long term goal for this project is to further characterize these stress responses by knocking out the
responsible genes, and to develop a better understanding of the role of lincRNAs in drought resistance
and salt tolerance. To accomplish this, RNAs were designed, created, and used to build plasmids
containing the Cas9 gene and specific guide RNAs corresponding to the gene(s) of interest. At this point,
five single gene-targeting Cas9 constructs have been transformed into A. thaliana. These plants have
grown and produced seeds, which are being screened for modifications of the targeted genes. Once
confirmed, we will use high-throughput phenotyping to evaluate the consequence of the loss of each of
these lincRNAs on the growth of the plants in response to abiotic stress.
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Detection of dicamba in the gas phase
Elisabeth Kray ‘23
Faculty Sponsor: Amanda Nienow, Chemistry

Dicamba is an agricultural herbicide commonly used on corn, genetically modified soybeans, and other
commercial crops. These genetically modified soybeans are resistant to dicamba and allow the use of this
herbicide for weed control, however dicamba is severely volatile and can easily drift into nearby
non-resistant crops and vegetation, causing irreversible damage. Because of this, it’s important to study
the reactions of dicamba in the air, or in the gas phase, to further understand how it behaves after it’s
applied to crops. In this study, gas phase dicamba was produced in and collected from a glass,
field-simulating gas chamber. The gas phase dicamba was collected by sorption using Solid Phase
Microextraction (SPME) Fibers and analyzed using an Agilent GC-MS (gas chromatograph-mass
spectrometer). The ultimate goal in this project is to use the methods we have developed to address the
research question: “When gas phase dicamba is exposed to the sun, how fast does it breakdown and
what other chemical species does it create?”

A Method Development Strategy for Ion Pair/Reverse Phase 2D-HPLC of Oligonucleotides Utilizing
a Mathematical Model
Maria Sylvester ‘24, Henry Noma ‘24
Faculty Sponsor: Dwight Stoll, Chemistry

Oligonucleotides - short chains of nucleotide bases - are an emerging class of therapeutics capable of
addressing diseases such as muscular dystrophy, cancer, and viral infections. While the synthesis of
these molecules can be carefully controlled, impurities that are closely related to the parent sequence
commonly occur. These impurities are difficult to separate due to their chemical similarity to the parent
sequence. Ion pair/reverse phase high performance liquid chromatography (IP/RP HPLC) has proven to
be a practical technique for the separation of oligonucleotides. Adding a second dimension of HPLC
separation (i.e., 2D-LC) can be used to improve the resolution and detection of closely related impurities,
however a shallow gradient is still required to achieve optimal separation. Despite the advantages of
2D-LC, method optimization can be incredibly inefficient and require large amounts of time and resources.
In this work, a mathematical model has been utilized to predict the gradient conditions necessary to
separate closely related oligonucleotide samples using 2D IP/RP HPLC. The linear solvent strength (LSS)
model was used. By continuously updating the model with the gathered data, it was possible to optimize a
shallow gradient for the separation of oligonucleotide sequences in a few model iterations. This will help
streamline method development, as the model provides a more certain step forward than the traditional
trial and error method, and, as the results have shown, is sufficiently accurate in its predictions.

Researching the Potential of Activated Carbon to Reduce Inorganic Mercury Bioavailability in
Mesocosms
Erin Beer ‘24
Faculty Sponsor: Jeff Jeremiason, Environmental Studies, Chemistry

Despite stringent efforts to regulate mercury (Hg) levels in the environment, contamination in waterways
is still the most commonly observed source of Hg pollution today. Large-scale remediation of Hg is



cost-prohibitive and largely inefficient, thus alternative solutions are needed. Activated carbon (AC) is one
of several chemical interventions being considered as a sediment amendment to manage pollutants in
aquatic environments. Utilization of AC in the work of Bussan et al. has shown promising small-scale
results in which the reduction of mercury bioavailability was achieved; however, little experimental
research has been done using AC in larger-scale ecosystems. Our research works to bridge that gap and
addresses the potential AC has to reduce inorganic mercury bioavailability in mesocosms. The 100-gallon
mesocosm environments are ecologically and hydrologically diverse and are designed to mimic periodic
flushing from tidal-like mixing. Conditions are controlled, but complex compared to previous mesocosm
studies with single organisms and a static water column, or uncontrolled field AC applications. Initial
results demonstrated a reduction of methylmercury concentrations in sediment (solid phase), pore water,
surface water, and biota when comparing amended mesocosms to control conditions. Recent preliminary
results demonstrate a more modest reduction in methylmercury concentrations in some but not all
matrices. Therefore, continued analysis is necessary before definitive conclusions can be made.

Assessing the efficacy of linear polarization imaging for suppressing surface reflections and
identifying nuisance algal blooms in inland waterways
Jack Stonecipher ‘23
Faculty Sponsor: Joe Shaw, Montana State University

UAV-based imaging system are becoming a common means of assessing inland waterways for water
quality and stream dynamics. However, imagery of inland waters often contain sun glints and surface
reflections which saturate image pixels, rendering them unusable. As surface reflections from a water
body are either partially or fully polarized, a linear polarizer may be used to attenuate these reflections. To
assess the efficacy of suppressing these surface reflections to identify nuisance algal blooms, a
division-of-focal-plane linear polarization camera was deployed both terrestrially and airborne, via a
UAV-based system. Included are comparisons of RGB and polarization imagery for identifying bloom
locations in imagery containing sun glints.
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Characterization of Hofbauer Cells at the Maternal-Fetal Interface in Preterm Birth
Kade Copple ‘24, Jessica Weng, Jade Rechtzigel
Faculty Sponsor: Sylvie Girard, Mayo Clinic

Perinatal inflammation at the maternal-fetal interface has been associated with preterm birth (PTB). Both
PTB and inflammation have strong negative impacts on fetal development and are associated with higher
incidence of neurodevelopment disorders in affected infants. Immune activation, such as seen in cases of
infection, is an important cause of pathological labor and distinct immune responses can be observed in
individuals with preterm labor. Hofbauer cells (HBCs), fetal tissue-resident macrophages in the placenta,
are the most prominent immune cells at the maternal-fetal interface and play an essential role in
regulating the immune microenvironment. Their contribution to the etiology of PTB is still mostly unknown,
thus the aims of the project were to characterize the HBC phenotypes and correlate with obstetrical data
to understand their association to physiological and pathological labor. Patient data and placenta samples
were collected from 255 term and preterm pregnancies. Staining was performed for CD68 and CD163,
markers of pro- and anti-inflammatory subtypes of HBCs respectively. Increases of CD68+ and CD163+
HBCs in the placental villi were associated with PTB. In addition, increases in CD68+ HBCs were



associated with spontaneous preterm labor. Additional work will be performed to address the localization
of these cells and further define their potential contribution to the etiology of PTB.

Long and Short Column Comparisons in HPLC
Isabella Aase ‘24
Faculty Sponsor: Dwight Stoll

HPLC is a method of analytical chemistry that measures the retention time of a compound. This is used to
identify, characterize, separate, and purify chemicals in numerous industries. Traditionally, this is done
using 100mm columns (composed of a specific chemical environment), and measurements may take
hours. Large-scale chemical questions require large amounts of data. By using a shorter 5mm column,
these data points can be collected in minutes, saving resources as well. Some results using the short
column followed a different trend than has been found in the past. To find out why, we investigated if it
was column age, or a property of the short column itself. The long column had a similar unexpected trend
as the short column, but the measurements themselves were not the same. Some compounds had more
than 50% different retention time between long and short. We also found that retention time decreased as
the column was used and aged. When replaced with a new column, the retention time increased to a
similar value as the first column’s early measurements. However, data that was collected using a new
short column still is different from data from a new long column.

Searching for D-Amino Acid Containing Peptides in the Nervous System of Mammals
Caden Gunnarson ‘23, Samuel Okyem, David Mast, Elena Romanova, Jonathan Sweedler
Faculty Sponsor: Jonathan Sweedler University of Illinois - Urbana Champaign

All known human proteins are made of L-amino acids, but some proteins in other species have been
found to contain D-amino acids, which are their mirror images. While D-amino acids have been studied as
biomarkers in diseases such as schizophrenia and depression, their role in peptides is less understood.
Proteins and peptides containing D-amino acids are difficult to identify and study because conventional
peptidomic and proteomic approaches can not differentiate between the L and D forms. In this work, we
apply an analytical workflow of liquid chromatography, ion mobility spectroscopy, and tandem mass
spectrometry along with biochemical assays to find these D-amino acids containing peptides (DAACPs).
Using a data analysis pipeline we identified 42 candidate DAACPs in the hypothalamus of rats, including
galanin, a neuroendocrine peptide that affects sleep, wakefulness, memory, and feeding.

Helicopter Rotor Blade Stability
Abdissa Effa
Faculty Sponsor: Dave Peters, McKelvey School Of Engineering

This research examines how floquet instability hinders helicopter blades and derives a plot for neutrally
stable and unstable points. Using the meissner equation, a system of equations is derived which can be
used to find the transformation matrix. This matrix is used to graph the neutrally stable and unstable
points on the plot. Using MATLAB, the plot can be created and used for designing helicopters in the
future.
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Effects of Manipulation of Glucose Metabolism on Cancer Cells
Christen Gibson ‘23, Vivek Verma
Faculty Sponsor: Vivek Verma, The Hormel Institute

In our specific experiment we are testing the chemical Tetraethyl pyrophosphate (TEPP) on 2 types of
cancer cells, neurospheres, and a monolayer of cancer cells. The cells we are manipulating are called
CT-2A with Luciferase, a mouse glioma cell line. We are looking to see the difference of the TEPP
treatment on these neurospheres vs the monolayer. We are especially watching their levels of oxidative
phosphorylation, glucose usage, and survival rate. We hope to find whether or not inducing oxidative
phosphorylation will be inhibitory to the cell. We also are hoping to find whether or not neurospheres
depend more on oxidative phosphorylation than a monolayer of cells.

Investigating the Functional Role of Soluble Nucleoporins in Nuclear Condensates within Prostate
Cancer Cells
Ashley Ley ‘23, Brittiny Dhital, P Kirthika LNU
Faculty Sponsor: Veronica Rodriguez-Bravo, Mayo Clinic

POM121 is a nucleoporin that is a part of nuclear pore complexes that facilitate the transport of
macromolecules between the nucleus and the cytoplasm. POM121 has been found to increase protein
transport that contributes to prostate cancer aggressiveness. An off-pore isoform of POM121, soluble
POM121 (sPOM121), has been recently been found, expressed, and localized within the nucleoplasm
and suggested to be involved in gene expression in human cells. The objectives of this work focus on the
characterization of sPOM121 function in prostate cancer cells.

Inhibition of proteolytic activation of SARS-CoV-2 spike protein in human cardiomyocytes
Katie Lillemon ‘24, Biruhalem Taye, Wei Zhou, Chanakha Navaratnarajah, Michael Ackerman, Roberto
Cattaneo
Faculty Sponsor: Roberto Cattaneo, Mayo Clinic

SARS-CoV-2 spike protein undergoes two major activation steps before becoming fully primed for cellular
membrane fusion and cell-cell syncytia formation; an S1/S2 activation in which a furin-like protease
cleaves between the S1 and S2 subunits and an S2’ cleavage where the fusion peptide is released for
viral entry and cell fusion. In lung epithelia, the virus utilizes the TMPRSS2 protease for this S2’
cleavage3, but TMPRSS family proteases are not expressed in cardiomyocytes. Therefore, we seek the
protease that activates the spike protein by cleaving it at the S2’ site at the surface of cardiomyocytes,
leading to cell-cell fusion. It is likely that the enzyme active in this cleavage is an ADAM-family protease
based on preliminary experiments in human cardiomyocytes.

Integrating Jupyter Notebooks with Runestone Interactive
Richard Nyankson ‘25, Erin Koch ‘25
Faculty Sponsor: Melissa Lynn

The goal of this project is to create a framework for publishing interactive open educational materials on
machine learning and data science, leveraging existing platforms.



Runestone Interactive is platform for online textbooks where students can test out code in the browser.
Jupyter Notebooks are an interactive programming platform, commonly used for machine learning and
data science. In this project, we utilized jupyterlite-sphinx to integrate Runestone and Jupyter notebooks.
The result would allow data from a student’s work in a Jupyter notebook to be transferred back to
Runestone, so that Runestone could track the student’s progress through these notebooks. Runestone
interactive for studying data science had no notebook for testing out solutions. Students must open the
Jupyter notebook from a different tab to test out their solutions to questions in the textbook. The jumping
from one tab to the other makes it inconvenient for studying so our job was to add Jupyter notebook
directly to the textbook. We looked at the source code for Jupiter notebook and runestone interactive to
figure out how we could integrate Jupiter notebook into the textbook. After researching several
documentations, we discovered a documentation for jupyterlite-sphinx which contained an extension for
adding Jupyter notebook to online textbooks. We installed jupyterlite-sphinx into our source folder and
added its extension to configuration for deployment of the notebook into the textbook.

Development of Nanobody Based CAR-T Cell Therapy for Hepatocellular Carcinoma
Kimberly Hareland ‘24, Jason Tonne, Richard Vile
Faculty Sponsor: Richard Vile, Mayo Clinic

Liver cancer is the fifth most common type of cancer worldwide, with hepatocellular carcinoma (HCC)
accounting for around 90% of cases. HCC has a poor prognosis, with a 5-year survival rate of 15% due
largely to ineffective treatment options. Current treatment options include chemotherapy and radiation,
both of which are very toxic to the patient, surgery and liver transplant, which are both invasive and livers
are not widely available for transplantation, and PD-1/PD-L1 immune checkpoint inhibitors, though
patients may develop resistance to the drug, thereby making the treatment ineffective.
CAR-T cells are becoming a popular way to target cancer, including HCC. CAR-T cells are comprised of a
single chain variable fragment (scFv), hinge region, transmembrane region, co-stimulatory domain(s), and
signaling domain. Altering any of these regions can impact the function, the efficiency, and ability of the
CAR-T cell to recognize the target cells. Human CAR-T cells with the human nanobody, HN3, have been
shown to effectively target HCC, while not interacting with any other types of cells. Being a nanobody,
HN3 is ideal because of its smaller size that allows it to work, even in small spaces that the traditional
scFv may not be able to reach. HN3 specifically targets Glypican 3 (GPC3), which is shown to be
expressed in HCC cells and not in normal, healthy liver cells.
In this study, three different types of mouse CAR-T cells, CD28 2nd generation, 4-1BB 2nd generation,
and one 3rd generation, were generated and tested, with the goal of eventually testing the CAR-T cells in
mouse models.

A Probabilistic Model of Mantle Transition Zone Discontinuities from Auto-picked Precursor Data
Anna Teurman ‘22
Faculty Sponsor: Scott Burdick, Wayne State University

Earthquakes release large waves of energy that travel through the Earth similar to ripples in water. As
they encounter boundaries between different materials, these waves may be reflected. Several such
boundaries occur in the Earth’s mantle, about 410 and 660km below the surface. Here, high temperatures
and pressures force mineral phase changes. The depth of this transition varies by region, depending on
the temperature and rock composition. To map temperature and composition, we use recordings of
earthquakes to compare waves that bounce off the Earth’s surface from below and waves that bounce off
the discontinuities at 410 and 660km depth. Previously, data from several seismometers was necessary
to measure the depths of the discontinuities. A new machine learning algorithm allows us to analyze data
from single seismometers. This results in more measurements covering a greater area of the mantle. To



create maps of the discontinuities that take the uncertainty of these measurements into account, we use a
new method that generates many maps of depths that fit the measurements, then finds the mean values
and error bars. This study provides information about mineral transitions in the mantle that will help further
knowledge of the Earth’s tectonic history and mantle circulation.

Coordinated distributed experiments in higher education: There’s a low barrier to entry and
there's a lot of potential for student projects
Jake Ross ‘23
Faculty Sponsor: Michelle Koomen, Education

This research focused on the implementation of a coordinated distributed experiment (CDE) using
complementary approaches investigating local adaptation in common milkweed (Asclepias syriaca), a
host plant for the iconic and declining monarch butterfly population. Faculty participants were
recruited from the Ecological Research as Education Network (EREN) who recruited their former
Undergraduate students. Quantitative data was drawn from the Milkweed Local Adaptation (MLA) CDE
database across the three project years. Qualitative data included faculty survey responses,
semi-structured interviews of faculty and former undergraduates, and review of undergraduate research
posters, papers, and curricula. Analysis of the MLA CDE database illustrates a decline in both
participating institutions and in counts of milkweed stems over the project (2018-2020). Qualitative data
analysis revealed that CDEs: 1) offer opportunities for higher education faculty and their students to be
part of research including developing skills of data collection, analysis, and interpretation; 2) have
unexpected challenges; and 3) can inspire undergraduate students to develop independent research
projects or curricular modules for use in formal 6-12 classrooms. Broader ecological educational
implications of our outcomes for higher education faculty and their undergraduate students include: 1)
recommendation that faculty members involved ought to be proactively informed about potential
challenges and provided with guidance on how to mitigate them; 2) mitigating challenges with model
studies to try to estimate the sample size and redundancy likely to produce robust data; and 3) proactive
use of the educational network to understand institutional use of the CDE project with undergraduates.

Co-exposure of Alcohol and Nicotine in Human Neuronal Cells Promotes Tau Phosphorylation and
Microtubule alternation
Tristan Poeschel ‘23, Diana Olivas, Sukla Roychowdhury
Faculty Sponsor: Sukla Roychowdhury, University of Texas El Paso (UTEP)

BACKGROUND: The co-use of alcohol and nicotine is common and a major public health concern.
Research has established that alcohol and nicotine addiction alters the ability for neurons (brain cells) to
send and receive signals. Normal neuronal activities also heavily depend on microtubules (MTs), a major
component of the neuronal cytoskeleton. Recently, alcohol/nicotine was shown to alter microtubules
(MTs). Tau is a MT-associated protein and is known to stabilize MTs, and critical for neuronal
development. Tau proteins were found to be abnormally phosphorylated in neurodegenerative diseases.
RESEARCH GOAL: The goal of this project is to understand the effect of alcohol/nicotine on the
phosphorylation of several Tau sites that are pathologically relevant including Ser 396, Thr181, Ser404,
and how that affects MTs. METHODS: Neuronal cells, SHSY5Y, were exposed to nicotine [5μM] and
ethanol [100μM] separately, and together for 24 hours. The samples were then subjected to confocal
microscopy and immunoblotting using antibodies for tau, phosphorylated tau, and tubulin. RESULTS: The
results from confocal microscopy showed that nicotine caused no difference in neurite morphology,
ethanol promoted longer, thinner neurites and co-treatment showed slightly longer neurite length but also
thicker neurites. The western blot analysis showed that ethanol caused an increase in phosphorylation of
ps396Tau (~50%). While nicotine itself did not have any significance on tau phosphorylation, when



co-treated with ethanol it reduced the ethanol effect by ~23%. DISCUSSION: Overall, our result suggests
that co-exposure of alcohol and nicotine in human neuronal cells alter Tau phosphorylation and MT
organization.

Microstructures of Deformed Metamorphic Rocks in Fault Zones
Torii Nienow ‘24
Faculty Sponsor: Rory McFadden, Environment, Geography, and Earth Sciences

Fault zones are areas where deformation is localized in the Earth’s crust. In these areas of high strain,
deformation has the ability to change a rock’s texture, fabric, and/or mineral composition along the fault.
Fault zones in the deeper portions of Earth’s crust experience ductile deformation and are called shear
zones. Shear zones are good areas to study in order to estimate crustal strength which are important
when modeling the effects of earthquakes.
In our research, we collected information by analyzing thin sections of rocks collected during a research
trip to the Entia Dome in 2018 using a petrographic microscope and the scanning electron microscope
(SEM). The petrographic microscope was used to examine mineral microstructures and optical properties.
Meanwhile, the SEM analyzed mineral composition and chemical reactions within and between
surrounding minerals. Shear zones preserve temperature, pressure, and stress information during
orogenic events that can be inferred by examining the elongation of quartz into ribbons, the reaction of
garnet with surrounding minerals, the alteration of some feldspar to sericite, and optical combination of
zoning and cross-hatched twinning within orthoclase.

What can Sand on the Martian Surface tell us about Jezero Crater? A Pebble Survey from Sols
350-399 of the Perseverance Traverse
Federico Fiorda ‘23
Faculty Sponsor: Julie Bartley, Environment, Geography, and Earth Sciences

Understanding the processes that formed the martian surface in Jezero Crater is key to comprehending
the geology and past habitability of the planet and is one of the primary objectives of the Perseverance
Rover. One of the ways that Perseverance investigates martian geology is by acquiring an image of the
crater floor each day it travels. This study analyzed these images of the crater floor by characterizing the
pebbles visible in these images, acquired along the traverse of the Perseverance Rover from Sols
(martian days) 350-399. Following previously established pebble survey procedures (Yingst et al., 2016),
we measured key features of grains on the martian surface, including grain size, grain shape, and grain
texture. These metrics were analyzed to determine whether systematic change in grain size, shape, or
composition occurred along the traverse. Preliminary analysis of grain size indicates that grain size
changes across the traverse, suggesting that the local bedrock and the mechanisms of sediment
transport differ within Jezero Crater. A predominance of 6mm and 8mm long axes measurements was
identified along the traverse.

Association of viral control and maternal antibody titers in congenital Zika virus infection
Jessica K. Schwartz, Nick Krabbe, Ann Mitzey, Elaina Razo, David H. O'Connor, Thaddeus Golos, Emma
L. Mohr.

Exposure to Zika virus (ZIKV) in utero can result in a wide spectrum of outcomes, ranging from
asymptomatic to severe neurological defects or fetal demise. It has been hypothesized that the presence
of virus in the fetus or in the mother’s blood for a prolonged period of time may lead to worse outcomes.
One factor that may be related to maternal viremia and presence of virus in the fetus is the level and
duration of the maternal IgG antibody response. We utilized a rhesus macaque model of prenatal ZIKV to



quantify the viral RNA present in the maternal-fetal interface (MFI) tissues shortly after infection and
associate the levels of virus with maternal IgG antibody titers over time. Dams were infected with ZIKV
early in pregnancy (n=7), then all fetal tissues were removed 14 days post-infection (dpi) and tested for
viral RNA. Maternal plasma was tested for viral RNA and IgG throughout pregnancy. At 14 dpi, 4/7 dams
had cleared the viral RNA from their blood. Viral RNA was detected in the fetal and MFI tissues in a
higher proportion of dams that had ZIKV positive plasma at 14 dpi. We found no difference in IgG
antibody titers over time between dams that were ZIKV positive or negative at 14 dpi. This suggests that
the dam clearing virus from their plasma by 14 dpi may impact whether or not the virus infects the MFI
tissues, but that maternal IgG response likely does not play a role in this difference.

Using short homology directed targeted integration to create conditional nr3c1 mutants to study
its role in vertebrate stress response
Tessa Bierbaum, Maria Andrade, Han Lee, Soaleha Shams
Faculty Sponsor: Karl Clark, Mayo Clinic

The hypothalamic-pituitary-adrenal (HPA) axis evolved in vertebrates as the canonical stress pathway.
nr3c1 (nuclear receptor subfamily 3 group C member 1) encodes the glucocorticoid receptor that is a key
molecule in the vertebrate stress response. Nr3c1 acts as the cognate receptor for the stress hormone,
cortisol, secreted by the adrenal gland in humans and the interrenal cells in zebrafish. When activated by
binding to cortisol, nr3c1 initiates a rapid stress response in diverse tissues, which is terminated by
providing negative feedback to the hypothalamus and pituitary gland. To understand how a single gene,
nr3c1, can mediate a diverse tissue-specific stress response, a mutagenic cassette that enables
endogenous nr3c1 allele knock-down was developed. The cassette, combined with CRISPR and
Cas9-mediated double-stranded break, allows targeted integration into the genomic locus utilizing short
homology domains. With Cre recombinase, the cassette can be removed, allows tissue-specific
restoration of nr3c1 function. The mutagenic cassette was injected into 1-cell stage zebrafish embryos
(F0). The F0 population as well as offspring (F1) were screened to quantify the integration rates of the
cassette and establish conditional transgenic alleles of nr3c1.


