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CELEBRATION OF UNDERGRADUATE RESEARCH AND CREATIVE ACTIVITY
WELCOME

April 12,2019
Dear Friends,

We are pleased to welcome students, guests, and community members to the 18th annual
Celebration of Undergraduate Research and Creative Activity at Hope College. This event
highlights scholarly accomplishments by talented Hope students working collaboratively
with exceptional faculty mentors.

Involving students in faculty-mentored scholarship is a hallmark of Hope’s academic program.
Through varied research opportunities across campus, students learn more deeply, find

meaningful connections between their education and future plans, and develop creativity
and skills to succeed in college and beyond.

This year’s Celebration includes 202 presentations by 327 students from 27 different
departments and programs. Research occurs both during the academic year and summer,
spans the four academic divisions, and includes independent study and course-based research.
Hope students regularly receive national recognition for their research accomplishments
with NSF Graduate Research Fellowships, Fulbright Scholarships, Goldwater Scholarships,
and professional society awards.

Hope College is nationally recognized for the extent and quality of its undergraduate research
program. Students regularly present their research at regional and national conferences
and publish their research as co-authors with their faculty mentors. During calendar year
2018, Hope students made 153 presentations at off-campus conferences and submitted or
published 28 journal articles. Hope College currently receives over $12 million in active
external grant funding that supports 69 research and educational projects.

Each abstract in this book describes original and creative scholarship arising from research
that Hope students and faculty have pursued together. Beyond the development of new
knowledge, these projects are among the most transformative learning experiences in a student’s
academic career. The interaction with caring and dedicated faculty mentors results in expanded
awareness and opportunities for student post-graduate plans and career aspirations.

Thank you for your participation in and support of this Celebration. To learn more about
research experiences at Hope College, visit the website: hope.edu/research.

Sincerely,

Vs 3. £otih

William F. Polik
Associate Dean for Research and Scholarship



This work was supported by
the Al and Phyllis Bursma
Summer Research Fund in the
Humanities & Arts, part of the
Nyenhuis family of funds.

Photo courtesy Hope College Public
Affairs and Marketing. Photo credit:
Thomas Renner.

This paper concerns itself with the tradition of reliquaries in the 18th century. The paper
highlights a specific reliquary from the Kruizenga Art Museum, but the object belongs to

a long history of reliquaries. The KAM reliquary’s iconography and meaning is explained
in the paper, which details how this reliquary fits into the history of not only reliquaries but
the history of the region that it comes from.




This presentation will explore disability and disability metaphors in Black women’s

speculative fiction. It will specifically look into how the characters in the stories attempt

to hide their “disabilities” in order to pass as abled within their societies, and how the time

period in which the stories were written and published influenced the need for disability

passing. It will examine Octavia E. Butler’s novel Mind of My Mind (1977), her short story
“The Evening, the Morning, and the Night” as well as Tananarive Due’s The Living Blood

(2003) and Blood Colony (2008), and L.A. Banks’ The Bitten (2005).

The intersection between Girard and Levinas is the undercurrent in Hayao Miyazaki’s
animated epic, Princess Mononoke. To Girard, the impulse to imitate one another leads to
conflict, and that can lead to both parties to take out this aggression they have on a scapegoat.
Society should make a commitment to reducing this impulse through a commitment against
the violence, and Girard sees this as the point of many stories. To Levinas, humans are
ruled—and ought to be ruled—by the psychological and physiological prosocial impulse that
comes with interactions with other people, especially when it comes to face-to-face interaction
and physical contact. The daunting otherness of other people creates an obligation to do
right by their otherness. These explanations concerning ethics are not mutually exclusive.
Students of Levinas have pointed out that one cannot fulfill every obligation proposed to
them, and the reality of different points of view functionally limits what ways in which a
person understands these obligations. Prioritizing these obligations becomes important,
and one can choose by prioritizing allegiances that reduce violence.

In Miyazaki’s depiction of medieval Japan, a local enchanted, monstrous forest and an
industrial town jostle for possession of the forest’s trees. There are many aspects of this
industrial town that appeal in terms of inclusion, and there are redeemable aspects to its
leader. The forest gods and the humans are simultaneously kind to their ingroup and
monstrous to the other faction. This mirroring is not a comfort; it is obstacle. The forest
gods are the right side because they advocate for the forest, this scapegoat, to be spared
from violence. As a masterful and very picky storyboard artist, Miyazaki uses the intricacies
of the interactions between his characters to emulate face-to-face interaction and solidify
why nonviolence is hard but also why it is crucial.



This research was supported
by the Hope College Mellon

Scholars Program.

E Scott Fitzgerald and his wife Zelda Sayre are well-known for the glamorous life they lived
as they roamed throughout America and Europe. They met and befriended many other
writers and artists during their travels, but never as many as they met in Paris, the center
for expatriate Americans of the Lost Generation. This project is composed of three parts
that focused on the Fitzgeralds’ lives through specific lenses. The first part is a Pecha Kucha
presentation summarizing the lives of the Fitzgeralds and detailing their time in Paris. Part
two is a Wordpress website analyzing the relationships that the Fitzgeralds developed with
other American expatriates in Paris, accompanied by a story map of their most frequented
locations. The artists and authors that we researched were Ernest Hemingway, E. E.
Cummings, Gertrude Stein, Edmund Wilson, Sylvia Beach, and Pablo Picasso. The final
part of our project is an analysis and comparison of novels written by Scott and Zelda,
respectively. Zelda’s Save Me the Wallz is a fictional recollection of her time with Scott leading
up to her mental illness and institutionalization, while Scott’s Tender is the Night displays his
perspective. We each focused on one of the two novels in a ten-page essay, and then together
compared our analyses, arriving at a conclusion we had not anticipated: Scott censored Zelda’s
novel in order to use the material himself. Our project as a whole helped us to understand
that the Fitzgeralds’ lives were not simply full of frivolity, but of sadness and pain that derived
from their own marriage as well as their backgrounds, personalities, and ambitions.



This research was supported
by the Mellon Grand
Challenges grant.

When King Leopold II controlled the Congo Free State, he had a large impact on the lives
of the Congolese. Even after he sold his colony to Belgium, life was still extremely controlled
for the Congolese people. When the Belgians controlled the Congo, they brought their
educational system and beliefs on education with them. However, after the Congo gained
independence in 1960, the Congolese were left with very few resources, such as college-level
educated individuals. As they tried to piece together a state, the Congolese had to try and
determine what education meant to them and how they wanted their educational system
to run. When they did try and set up this system, they faced issues with funding, proper
job-training, and a lack of health information for their people. These issues are still relevant
in present day Congo. This paper secks to examine how the Belgians used education in the
Congo and how that contributed to a weak educational system in the DRC today.

This project focuses on Hope College during the Vietham War era. During this time, the draft
created moral dilemmas for both students and faculty. When it started affecting themselves
and people they knew, students felt that they needed to be educated about the war. The
draft also meant that students sought deferments through such means as studying ministry,
pre-med, and other sciences. Hope students noticed that young men who were able to avoid
the draft were usually privileged and not a part of the minority class. This led many Hope
students to protest the draft and the war. These protests often led to social justice because
they compelled the larger community to reevaluate the United States’ participation in the war.



The chaotic transfer of power from Belgian colonizers to the Congolese people generated
a series of circumstances that resulted in the assassination of Congolese Premier Patrice
Lumumba. The subsequent military dictatorship of former Chief of Staff of the Force
Publique, Joseph Mobutu (later Mobutu Sese Seko) imposed years of corrupt, oppressive rule
in the country now known as the Democratic Republic of the Congo. A significant contributing
factor to the events that befell the Congo originated from outside forces, specifically, the
Central Intelligence Agency and the Belgian government’s collusion in eliminating Lumumba.

This paper examines contemporary news sources, assessing the role of foreign powers in
Lumumba’s assassination and Mobutu’s rise to power. The significance of these events
occurring in the context of the Cold War will also be examined. Particular attention will be
given to persisting American concerns about Soviet encroachment on the African continent

that were heightened by worries over Soviet actions to extend communist influence globally.

Photo courtesy Hope College Public
Affairs and Marketing. Photo credit:
Jon Lundstrom.




Fear, one of the six basic human emotions, has played a formative role in evolution—
signaling threat or danger and waking the “fight or flight” response. In literature, although
fear appears in various contexts, it is typically associated with illogical or funny behavior.
Notably, fear is a prevalent emotion in Miguel de Cervantes’s novel Don Quixote and is
portrayed as an unreasonable emotion, worthy of its protagonist’s scorn. Sancho Panza is
often fearful of things Don Quixote is not. This research explores examples of fear in Don
Quixote, how it is expressed, and a cognitive analysis of potential causes of this discrepancy
between the reactions of Don Quixote and Sancho Panza.

During the Second World War, a large resistance movement developed in France to combat
the German presence and to protect the citizens of occupied I'rance. This underground
operation served many purposes, such as distributing newspapers, serving as guides for
the Allies, helping soldiers and Irench citizens escape the German army, and conducting
espionage operations. Working in the Resistance was extremely dangerous, as those who
were caught were often killed or sent to concentration camps. Although men held many
roles in the Resistance movement, women performed many of the most dangerous jobs.
Women comprised a large percentage of those who participated in paramilitary activities,
espionage operations, and the vast network of escape lines throughout Europe. Women’s
participation in these activities amplified the efforts of the French Resistance and accelerated
the progress of the war in Europe. Further, women’s contributions to the Resistance resulted
in greater gender equality and increased opportunities for women in France after the war.
This research explores the varied roles held by women in the French Resistance and how
women’s involvement in this movement affected both the outcome of the war and women’s
position in French society.



It is important to implement and maintain a music program within an urban school
containing a high population of at-risk students. With the awareness of mental illness
increasing, we are more knowledgeable of the cognitive deficits caused by ongoing abuse
and neglect—often called complex trauma. The effects music can have on the brain combats
the negative cognitive and emotional impacts of complex trauma, which is essentially the
goal of music therapy. Not every child has the opportunity and/or means to experience music
therapy. However, if music programs are offered in schools, kids can reap the positive benefits
of music by participating in their school’s program. The role of the teacher as well as the
type of music studied in school can have incredibly positive impacts on the student(s) as well.
In order to reach the full potential of the positive effects of music, the teacher needs to take
time to get to know and invest in their students. Additionally, they need to be willing to be
creative and flexible with the curriculum. This might mean turning to nontraditional genres,
including hip hop or rap. There is no formula for the perfect music program in an urban
setting, but what is important is that one is implemented and shaped in a way that will best
benefit the students and their well-being,

Healthcare professionals often find themselves working with patients and families of patients
they describe as “diflicult”. This interaction poses an ethical dilemma for the healthcare
worker as they consider how to best care for their patients. This study aimed to create a
comprehensive understanding of the term “difficult”, to collect case stories of challenging
interactions, and to identify methods used to address these situations ethically. To accomplish
this, a literature review and series of interviews with healthcare workers were conducted. The
term “difficult” was found to manifest itself in a variety of ways including, but not limited to,
people characterized as: demanding, entitled, abrasive, dependent, self-destructive, manipulative,
time-consuming, and dissatisfied with care. Strategies addressing specific characteristics were
identified and the findings were formatted into a workshop for healthcare professionals to
reflect on their own experiences and to create appropriate solutions to their unique situations.



This project will detail the process of stage managing the play Crooked. Stage management
1s the organization and coordination of rehearsals, meetings, and performances of a
theatrical production. The work required of a stage manager includes scheduling meetings
and rehearsals, tracking set, props, costumes, lighting, and sound, taking blocking notes
and line notes, and and during the performances calling the show by cueing the sound
and light board operators.

This semester the Hope College Theatre Department produced Cry it Out by Molly Smith
Metzler and I had the exceptional practical learning opportunity to costume design the
production. I read the play multiple times, researched the characters and the modern
clothing that each character might wear and presented this as visual research along with
character sketches for different costume ideas. I then rendered watercolor drawings of the
chosen looks, attended weekly production meetings where the director and the other designers
offered feedback on my designs. From this feedback, I pulled costume pieces from our stock
and ordered the things we didn’t have, set up multiple costume fittings with the actors, made
hair and nail appointments for the actors, and attended dress rehearsals to make sure all
the costumes were in order, that the actors were aware of each costume piece and knew
how to use them, and that every actor was comfortable in each of their costumes.



Over the course of seven weeks, the Hope College Theatre Department produced the
play Cry It Out by Molly Smith Metzler. The stage management team led each rehearsal
and created rehearsal schedules and reports. This information was then synthesized and
communicated with the design and production teams, then later reviewed and discussed in
production meetings. As the play moved from standard rehearsals into technical rehearsals,
the stage manager oversaw all the backstage crews and technicians. In performance, the stage
manager called every lighting and sound cue, while keeping an open line of communication
with the Assistant Stage Managers, Light Board Operator, Sound Board Operator, and House
Manager. Through the work of the stage manager, the cast, director, and production team
is able to easily communicate with one another throughout the rehearsal process, and, in
turn, the performances of the production run smoothly.

Stage Management is a career in the theatre and entertainment industries that revolves
around organizing, facilitating, and collaborating with theatre artists in order to create the
best production or performance possible. At Hope College, students have the opportunity
to work alongside students and faculty. This project is the compiled paperwork and analyses
for the stage management of Hope College’s 2019 production of 7he Seagull.



INTERDISCIPLINARY

The Forgotten Expedition
of the Michigan Polar
Bears

Laura Anthon
Jamie Breyfogle
Tim Embertson

Natalie Weg

Mentor:
Dr. Marsely Kehoe,
Mellon Scholars Program

Found in Translation:
The Complexities of Edgar
Allan Poe in Translation

by Charles Baudelaire

Kellyanne Fitzgerald

Mentor:
Dr. Natalie Dykstra,
English

MELLON SCHOLARS

The Michigan Polar Bear expedition saw Allied forces leading a controversial excursion
into Northern Russia during the concluding years of World War 1. Despite thousands of
soldiers being sent to interfere with the Russian Civil War, the Polar Bear Expedition has
been lost from collective memory. We publicly inquired about the expedition, then combined
this research with a found scholarly consensus about the lack of cognizance relating to the
events. This revealed a disconnect, which led us to inquire as to the nature and origin of its
historical omission. Our primary sources of research focused on the oral histories of veterans
located in the Joint Archives of Holland. After analyzing the first person accounts of the
soldiers, followed in turn by the reaction of their respective communities, we created a
detailed description of this expedition’s impact on the greater Holland area. Understanding
this multi-generational oversight will bring forth a greater argument for the importance of
people to continue teaching and learning about this significant piece of history.

Literary critics have traditionally lauded Charles Baudelaire’s work in translation as the key
reason for the success of Edgar Allan Poe in France. While Baudelaire’s voice and editorial
choices did affect his translations, the success of his Poe translations was not entirely due to
his choices. An idiosyncrasy in the relationship between Poe’s writing style and the structure
of French syntax is one of several factors which elevate Poe in translation, which suggests

a more complex situation than critics have previously realized. Understanding the context
of a translation and the constituent factors of its success (or lack thereof) allows readers to
predict and parse the ways a translation will function in the target culture.
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INTERDISCIPLINARY

MELLON SCHOLARS

The Art of Moving Across

Borders: A Look into

Translanguage Literature

Sarah Herrera

Mentors:
Dr. Jesus Montafio,

English

Dr. Marsely Kehoe,
Mellon Scholars Program

This project was made
possible thanks to the
Hope College Mellon

Scholars Program.

The Importance of the
Virgin Mary as an lcon
and the Evolution of
Her Representation

Keyshara Hudson
Amelia Waalkes
David Wang
Abigail Venlet

Mentor:

Dr. Marsely Kehoe,
Mellon Scholars Program
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“They might be talking in perfect latin tongue and without warning begin to talk in perfect
anglo tongue and keep it up like that, alternating between a thing that believes itself to be
perfect and a thing that believes itself to be perfect, morphing back and forth between two
beasts until out of carelessness or clear intent they suddenly stop switching tongues and start
speaking that other one. In it brims nostalgia for the land they left or never knew when they
use the words with which they name objects; while actions are alluded to with an anglo

verb conjugated latin-style, pinning on a sonorous tail from back there.” (Herrera, Yuri.
Signs Preceding The End Of The World)

Translanguaging is an emerging field of study that explores the ways Latinx people utilize
English and Spanish to create a new language— a third language that also showcases their
transcultural lived experience. While translanguaging has applications in language pedagogy,
my research looks at the deployment of translanguaging in literature. Specifically, I examine
the works of Sandra Cisneros, Junot Diaz, Yuri Herrera, and Erika L. Sanchez for the
artful ways they incorporate translanguaging and thus the way they explore culture and
identity via language use.

While recent scholarship in this emerging field has been largely devoted to classroom use,
my study treats literary works— both fiction and poetry— for evidence of translanguaging
and its necessary use by Latinx people in the exploration of their identity.

Throughout history the Virgin Mary has influenced the world on a broad scale across many
cultural contexts. The Virgin Mary continues to be a widespread symbol with major societal
implications, such as gender roles and upheld generational traditions. By further exploring
the idea of the Virgin Mary as the Mother of God, the various interpretations can be
analyzed as a motherly human figure and as a higher being. In particular, the significance
of the Virgin Mary today and in the Italian Renaissance displays how she was developed
as the Mother of God during the 15th and 16th centuries and how Mary as the Mother
of God is contextualized in present day life and society. Nonetheless, the viewpoints of the
Virgin Mary differs. Thus, in her own uniqueness she exemplifies much more to people
than just a religious figure and her impact continues to present itself in our world.



Hope College and Ready
for Life: Kate’s Story

This research was supported
by the Hope College Mellon

Scholars Program.

The Fitzgeralds in France:

A Life of Splendor and
Tragedy

This research was supported
by the Hope College Mellon

Scholars Program.

For Duly Keeping and
Preserving Relics

Written with the support of
a Jacob Nyenhuis Faculty-
Student Collaborative
Research Grant.

INTERDISCIPLINARY n
MELLON SCHOLARS
This project was an interdisciplinary endeavor between the Department of Sociology & Social

Work and “The Mellon Scholars Program. See page 129 in the sociology & social work section
of this book for full abstract.

This project was an interdisciplinary endeavor between the Department of English and the Mellon
Scholars Program. See page 8 in the English section of this book for full abstract.

This project was an interdisciplinary endeavor between the Department of Art & Art History and
the Mellon Scholars Program. See page 6 in the art & art history section of this book for full abstract.
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INTERDISCIPLINARY

NEUROSCIENCE

Testing the Impact

of Prebiotics on
Anxiety-like Behaviors
in Aged Male Rats

Emily Zolman
Elizabeth Woodford
Kenia Urena-Gonzalez
Jared Stygstra

Peter Stewart

Nicholai Shaw

Allison Lindquist
Anna Langholz

Erin English

Marny Ehmann

Mentor:
Dr. Gerald Griffin,
Biology and Psychology

2018 Celebration of Undergradurate
Research and Creative Activily.

Photo courtesy Hope College Public
Affairs and Marketing. Photo credit:
Steven M. Herppich.
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The composition of gut microbiota has direct impacts on neural structure, neurochemistry,
and behavior. Specifically, the gut microbiota has been shown to modulate anxiety-like
behaviors. In addition, administering prebiotics, compounds that promote the growth of
commensal bacteria, has been demonstrated to reduce anxiety and anxiety-related behaviors.
However, this effect has yet to be tested in older animals despite anxiety being implicated
as a most common disorder in adult populations. Therefore, this study seeks to fill this
knowledge gap by investigating the link between prebiotic interventions and anxiety-like
behaviors in aged populations. It was hypothesized that older rats treated with the prebiotic
fructooligosaccharide (FOS) would display an increase in exploratory behaviors, correlating
to a decrease in anxiety, compared to the controls. Behavioral assays such as the open field
test (OFD), elevated plus maze (EPM), and a social anxiety (SA) test were conducted. Results
demonstrate moderate evidence that rats administered FOS had increased exploration in
the center zone of the OFT. This finding suggests that FOS helps to modulate behavior in
aged animals. With moderate evidence for increased exploration as evidence for decreased
anxiety in FOS treated animals, this study provides a platform for further investigation of the
role of modulating gut microbiota in older animals. Investigating the effects of senescence
versus prebiotic treatment of the rats in this cohort was dampened by the limitations of the
precedent of behavioral assays utilized on smaller, younger animals. As a result, this study
calls for a widening of behavioral assay parameters to allow for effective data collection in

an aging population.




INTERDISCIPLINARY

Does NMDA Receptor
Inhibition Prevent HCA-
Induced Manic/Depressive
Behavior in Rats?

Nina McAlvey
Mercedes Rede
Samantha VanHoven

Samuel Wolfe

Mentor:
Dr. Leah Chase,
Biology and Chemistry

This project was supported
by the Hope College
Neuroscience program

and also involved students
from the Fall 2018 and
Spring 2019 Introduction to
Neuroscience lab courses.

Impact of HSV-10n an
in vitro Model of Traumatic
Brain Injury

Noah Weigle
Clare Da Silva

Leslie Perez

Mentor:
Dr. Gerald Griffin,
Biology and Psychology

This work was supported by
the Dow Scholar Science
Research Fund, the Hope
College Department of
Biology, and the US Army
Office of Scientific Research
(Grant #W911NF-17-1-0559).

NEUROSCIENCE

Previous work in our laboratory has demonstrated that male and female rats that receive daily
intraperitoneal injections of the endogenous, glutamatergic agonist homocysteic acid (HCA)
from postnatal day 3-21 develop behaviors that are consistent with a mixed depressive/manic
phenotype. Specifically, HCA-treated rats exhibit anhedonia in a saccharin preference test
and reduced social interactions consistent with a depressive phenotype. In addition, these
animals also exhibit increased locomotion and risk-taking behavior in novel environments and
increased goal-directed behavior in the Morris Water Maze. We have previously hypothesized
that the behaviors elicited by HCA treatment may suggest that we have developed a novel
animal model for bipolar disorder. Recently, we have learned that NMDA receptors may
play an important role in the patholophysiology of mood disorders, such as major depressive
disorder and bipolar disorder. Given that HCA is an NMDA receptor agonist, we hypothesized
that excessive NMDA receptor activation during the critical development period may lead
to alterations in NMDA receptor subtype expression within brain circuits known to regulate
mood. Therefore, we sought to determine if injection of a NMDA receptor antagonist
(ketamine) ten minutes prior HCA injection would prevent the development of the mixed
manic/depressive phenotype. We created four treatment groups, rats receiving saline injections
prior to an HCA injections, rats receiving ketamine prior to HCA injections, rats receiving
a ketamine injection followed by a saline injection and rats receiving two saline injections.
The injections occurred daily from P3-P21. We are currently testing these animals for motor
behavior (Rotarod), hedonistic behavior (sucrose preference), exploratory behavior and
anxiety (elevated plus maze and open field test), depressive-behavior (forced swim) and social
behavior (social interaction). Our preliminary observations suggest that ketamine does not
lead to amelioration of anxiety, but instead may lead to heightened anxiety. However, we
will report the results of our Two Way ANOVA once the behavior assessment is complete.

Infection of Herpes Simplex Virus Type I (HSV-1) has been associated with the exacerbation
of neurodegenerative pathologies. More specifically, in vitro and in vivo studies have revealed
that HSV-1 can augment levels of the phosphorylated form of tau, a modified cytoskeletal
protein that is enriched in neurofibrillary tangles and forms of dementia such as Alzheimer’s
Disease. HSV-1 1s a neurotropic virus that establishes and maintains latency in sensory neurons.
Physiological and emotional stressors have been shown to reactivate the virus from this latent
stage and spread to the central nervous system. In an i vitro model of Vero cells, our data
has shown increased levels of hyperphosphorylated tau as a result of HSV-1 infection.
Ongoing analysis is being performed to further understand the impact of HSV-1 infection
on the phosphorylation of tau in rat hippocampal neurons.
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INTERDISCIPLINARY

PHELPS SCHOLARS

Phelps Scholar

Alumni Project
Ernesta Cole
Mentor:
Yolanda Vega,

Phelps Scholars Program

This research was supported
by the Dean for Social Sciences.

Photo courtesy Hope College Public
Affairs and Marketing
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The Phelps Scholars Program is in 20th year and has grown from 39 students at its inception
to 90-100 students. While its commitment remains to provide first-year students with an
intentional and diverse living and learning experience focused on race, culture and community,
this project set out to review its impact on participants’ lives over the years. Through a
survey and interviews, data was gathered regarding how the program shaped participants’
Hope College experience, career trajectory and life choices. This information will be used
to tell the story of the Phelps Scholars Program while informing and strengthening this
important first-year experience program.
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INTERDISCIPLINARY

The Alternative Black

Girl in Popular Culture:

An Examination
Ester Fletcher

Mentor:

Dr. Lynn Japinga
Religion

Dr. Kendra Parker
English

Hysteria: A Look at
Sexism in Medicine

Cadence Jones
Mentor:

Dr. Lynn Japinga
Religion

WOMEN’S & GENDER STUDIES

The purpose of this work is to dive into the diverse world of African American culture.
While many see this group of people as stereotypically loud, rude, and violent, there are
multiple faces of the Black culture that is often not explored or presented in media. This work
explores the other side of Black culture—a culture outside of rap music, expensive clothes,
and grills—through images in the media, TV shows, and video games to acknowledge the
different narratives of Black.

The history of sexism in medicine spans across time and cultures, dating back as far as ancient
Egypt. Women’s illnesses were often attributed to the movement of their uteruses throughout
their bodies, which caused a wide array of possible symptoms that were categorized as hysteria.
While hysteria is now understood as a mistake of sexist medicine, the same sexist ideologies
continue to create serious problems in the medical world. Women are regularly misdiagnosed
and continually have their pain dismissed in serious medical situations. In a 2000 study in
The New England Journal of Medicine, researchers found that women are seven times more
likely than men to experience a misdiagnosis and be discharged without proper medical care
while experiencing a heart attack. This is due to the fact that most medical understandings
of disease come from research on male physiology, while women often experience different
symptoms than men with the same diagnosis. Similar to heart attack research, most studies
on chronic pain are conducted on men and male mice, yet the majority of chronic pain
sufferers are women. This leads to the conclusion that women may suffer more from chronic
pain and for longer periods of time. These same women are less likely than men to recieve
pain killers for their conditions, and experience longer wait times for analgesic drugs in U.S.
ER’s than men. This research explores the depth of sexism in medicine both in history
and modern time.
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INTERDISCIPLINARY

WOMEN’S & GENDER STUDIES

Legalized Abortion and
Women’s Health: The
True Defender of Life

Kamryn Ramsay

Mentors:
Dr. Lynn Japinga
Religion

Dr. Fred Johnson Il
History

22

The tension surrounding abortion in the United States has arguably dominated the political
sphere for many times. The Pro-Choice community expresses its continued support of the
ruling and the necessity for legal abortion. In contrast, the Pro-Life community has called for
the overturning of the 1973 Supreme Court ruling of Roe v. Wade for reasons based in religion
and the right to life; however, legalized abortion has protected the lives of women through
safer procedures, legal autonomy over one’s body, and the preservation of mental health.

The topic of this essay will analyze the pre-Roe and post-Roe United States through the lens
of women’s rights and health to give the reader a better understanding how legalized abortion
has affected the lives of women in the United States. This paper will look at the dangers
of illegally performed abortions, the mental trauma caused by forced birth, and the right
of women to have autonomy over their bodies. Evidence from the personal experiences of
women comes from an article in the Journal of Civil War Medicine titled “What Abortion
Was Like in the 19th Century” by Kate Manning and an article in the Journal of Women
in Culture and Society titled “Reproducing Jane: Abortion Stories and Women’s Political
Histories” by Kelly Suzanne O’Donnell. This essay also includes some rhetoric from Lawrence
Lader, one of the founders of what is now the National Abortion and Reproductive Rights
Action League. Statistics are taken from studies found in Reproductive Health Matters journal
and an article from The University of Chicago Press Journal titled “State Implementation
of Supreme Court Decisions: Abortion Rates Since Roe v. Wade” by Susan B. Hansen.



NATURAL & APPLIED SCIENCES

Effects of VACM-1/Culs
Gene Knockout in T47D

Breast Cancer Cells Using
CRISPR-Cas9

Sarah Bonema

Mentor:

Dr. Maria
Burnatowska-Hledin,

Biology and Chemistry

This work was supported by
the Department of Biology.

Photo courtesy Hope College Public
Affairs and Marketing

BIOCHEMISTRY & MOLECULAR BIOLOGY

The VACM-1 gene codes for the VACM-1/Cul) protein, which is a part of the ubiquitin
E3 ligase system responsible for ubiquitin-dependent protein degradation. VACM-1/Cul5
dependent E3 ligases are known to decrease cellular proliferation, and lack of regulation in
this pathway can lead to cancer. The CRISPR-Cas9 system is a bacterial immune system
that functions by targeting specific sequences of DNA. It can be programmed to target genes
of interest, enabling specific gene editing in eukaryotic cells. We have used this system to
knockout VACM-1/Cul5 in a T47D breast cancer cell line. Confirmation of the knockout
was achieved through a T'7 Endonuclease 1 mismatch cleavage assay proving a homozygous
mutation of both alleles was achieved. AlamarBlue® growth assays support that VACM-1/
Culb knockouts allows cells to proliferate at an increased rate. The immunostaining results of
control and CRISPR-transfected cells indicate knockout of VACM-1. Genomic DINA sequencing
was performed and was a final confirmation of VACM-/CULS knockout. Together, these
results suggest that VACM-1/CULS) is an important regulator of cellular growth.
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Mitochondrial DNA (mtDINA) encodes 13 protein subunits required for oxidative
phosphorylation, the pathway that produces the majority of cellular ATP. Mitochondrial
dysfunction is associated with numerous diseases, making mitochondrial biochemistry an
important area of investigation. However, there lacks an understanding of elements of

this biochemistry, including the mechanisms that regulate mtDNA transcription. mtDNA
is complexed to various proteins in structures known as nucleoids. Some nucleoid proteins
are members of the mtDINA transcription machinery. These include the mitochondrial
RNA polymerase (POLRMT) and mitochondrial ribosomal protein L12 (MRPL12), which
maintains POLRMT stability and promotes mtDNA transcription. We hypothesize that
reversible post-translational modifications (PTMs), such as phosphorylation of threonine,
serine, or tyrosine residues or acetylation of lysine residues within these and other nucleoid
proteins, may play a role in regulating mtDNA transcription. The objective of our study is to
determine the effects of MRPL12 and POLRMT PTMs on the activities of these proteins
in the context of mtDNA transcription in order to assess the roles of such modifications in
regulating this process. To test this, we performed mutagenesis on MRPL12 and POLRMT
genes to replace the sequence encoding an amino acid at a PI'M site with a sequence
encoding a modified or unmodified amino acid mimic (1, S, Y — E/A, phosphorylated/
dephosphorylated mimic; K — Q/R, acetylated/deacetylated mimic). We optimized bacterial
expression and protein purification conditions and purified wild-type and mutant MRPL12
proteins, as well as wild-type POLRM'T. We performed preliminary in vitro transcription
assays to assess POLRMTT functionality and found that our protein successtully transcribed
short mtDNA templates. We performed protein-protein binding assays to determine the
effects of MRPL12 modifications on MRPL12’s ability to bind POLRMT, and in vitro
transcription assays to measure the effects of MRPL12 and POLRMT modifications on
mtDNA transcription.
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The Chase lab studies System x *, which is a heterodimeric transporter that functions as a
Na+-independent antiporter exchanging extracellular cystine for intracellular glutamate.
The transporter functions as an obligate heterodimer and is comprised of two proteins,
xC'T; which functions specifically in amino acid exchange, and 4F2HC, which appears to
play a role in transporter stability. System x ~ belongs to the SLC7 family of transporters,
which is further subdivided into the cationic amino acid transporters (CAT) and the L-type
amino acid transporters (LAT), the latter of which is the subfamily which includes System
xc-. In recent years, there have been advances in our understanding of the structure of the
SLC7 transporters as crystal structures of bacterial homologs of CAT and LAT transporters
have been published. As a result, we can now begin to ask important questions about the
mechanism by which System x - exchanges cystine and glutamate across the membrane.
Previous studies in the Chase lab have demonstrated that System x ~is a Cl-dependent
transporter that transports cystine and glutamate in their anionic form. This substrate
specificity 1s novel among the SLLC7 family of transporters, therefore, the goal of this study
1s to identify the amino acids within xCT that are important in Cl-binding and substrate
binding and exchange. Previous studies have suggested that Cys 327 is important for transport
activity and this residue is also conserved in the bacterial homolog. Therefore, we selected
amino acids near cysteine 327 and within the apparent binding pocket for mutagenesis.
Primers were designed to create the point mutations at S326A, T195A, F322A, Y149A,
S322A, V141S and M331A, and we intend to test these mutants for transport activity. We
hypothesize that mutants which lead to diminished transport activity or changes in substrate
affinity are likely to be important in Cl-binding, substrate binding and/or translocation.

The VACM-1 gene codes for the VACM-1/CULS protein, which is a part of the ubiquitin
L3 ligase system responsible for ubiquitin-dependent protein degradation. The activity of
VACM-1/Cul) dependent E3 ligase complexes are known to decrease cellular proliferation.
Lack of regulation in this pathway can lead to cancer. The CRISPR-Cas9 system is a
bacterial immune system that functions by targeting specific sequences of DNA. It can be
programmed to target genes of interest, enabling specific gene editing in eukaryotic cells.
We have used this system to knockout VACM-1/Cul5 in a human umbilical vein endothelial
cell line (HUVEC). Genomic DNA has been sequenced for a final confirmation of
VACM-/CULS5 knockout. Growth assays on Matrigel® support indicate that VACM-1/Cul5
knockout allows cells to proliferate at an increased rate. In addition, Matrigel® imagining
indicates that phenotypic changes have occurred in cells following VACM-1/CULS knockout.
Together, these results suggest that VACM-1/CULS is an important regulator of cellular growth.
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System x " is a membrane transporter that exchanges extracellular cysteine for intracellular
glutamate. The transporter is a heterodimer consisting of a transport specific protein, xC'T,
and a heavily glycosylated associated protein, 4F2HC. Recent studies in the Chase lab have
shown that the cell surface expression of this transporter may be regulated by trafficking
motifs localized to the C-terminus of the xC'T protein. Currently, we use a cell surface
biotinylation assay, which is expensive and labor intensive, to measure relative cell surface
expression of xC'T. The goal of this project is to develop a fluorescence-based assay that
will allow for rapid screening of potential trafficking-defective mutants of the transporter.
A similar assay has been successtully employed to study trafficking behavior of the Cystic
Fibrosis Transmembrane Conductance Regulator (CFTR) (Holleran, J.P, et al., 2012). This
assay required the construction of a fusion protein in which an extracellular fluorogen-
activating protein (FAP) was attached to the N-terminus of xCT. Since the N-terminus of xCT
is intracellular, the FAP domain is linked to xC'T through a single-transmembrane domain
of the Platelet-derived growth factor receptor. Currently, we are expressing this construct in
a mammalian cell line to insure that it shows the same activity and expression pattern as the
wild-type transporter. Once these controls are completed, we will develop a fluorescence-
based assay to measure cell surface localization of the transporter. Specifically, xC'T" localized
to the cell surface will be labeled in real time by adding a membrane-impermeable fluorogen
which only will fluoresce when bound to FAP. The relative fluorescence of the sample will
be measured (or imaged using a confocal microscope). Finally, a membrane-permeable
fluorogen will be added to the cells which will label the total pool of expressed xC'T protein,
and the relative fluorescence will be measured again, thus allowing one to calculate the
percent cell surface expression of xC'T. Eventually, we plan to adapt this assay to 96 well
plates to allow for rapid screening of putative-traflicking defective mutants.
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System x - (xC'T) exchanges intracellular glutamate for extracellular cystine across the
membrane of many cell types. Its activity directly regulates the synthesis of the antioxidant
glutathione and the extracellular concentration of glutamate in the brain. We recently
demonstrated that oxidants acutely upregulate System x - activity by triggering the rapid
redistribution of the transporter from intracellular compartments to the cell surface.
Our current work suggests that the trafficking of the transporter may be regulated by
ubiquitination and that oxidant exposure directly influences the ubiquitination of the
transporter. Since increased ubiquitination tends to decrease the cell surface expression of
many membrane transporters, we sought to test the hypothesis that System x " is ubiquitinated
and that the ubiquitination status of the transporter regulates both its cell surface expression
and activity. We have used a mutagenesis approach to disrupt putative ubiquitination sites
and a putative ubiquitin ligase binding site within a myc-tagged System x - construct so that
we can understand the role ubiquitination plays in regulating the cell surface expression of
System x ". There are seven highly conserved lysine residues within xCT that are located
on the cytoplasmic side of the membrane that may serve as a site of ubiquitination and
regulate xC'T cell surface expression. These residues are located at positions 4, 37, 41, 43,
422,472, and 473. We created multiple mutants of xC'T containing single or multiple lysine
to arginine mutations and found that mutation of the N-terminal lysine residues (K4, K41
and K43, but not K37) increases transport activity and cell surface expression of the transporter.
Currently, we are developing an assay that will allow us to measure xC'T" ubiquitination status
using a His-tagged ubiquitin pull-down approach. Thus far we have successfully co-transfected
xCT and His-Ub into Cos-7 cells, and we have determined the optimal conditions for
multichannel visualization of xC'T and ubiquitin using a Western-blot approach. We are
now working to inhibit cellular deubiquitination enzymes and proteasome function to
continue to optimize the ubiquitination assay.
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Mitochondrial DNA (mtDNA) encodes for 13 protein components required for oxidative
phosphorylation (OXPHOS), the primary cellular energy production pathway. While the
critical roles of mitochondria in metabolism and cellular function are well established, the
mechanisms regulating expression of mtDINA-encoded genes are poorly understood. Defects
in the regulation of mtDINA transcription are implicated in numerous pathologies such as
neurodegenerative disorders and cancers. mtDNA is complexed to proteins in structures
known as nucleoids, of which some proteins play critical roles in transcriptional regulation.
Our objective 1s to determine whether reversible post-translational modifications (PTMs) of
nucleoid proteins, including lysine acetylation and serine/threonine/tyrosine phosphorylation,
regulate mtDINA transcription. Our central hypothesis is that PTMs alter the function of these
proteins and provide a means of regulating mitochondrial gene expression. We highlight our
work on the characterization of mitochondrial transcription factor B2 (TFB2M), focusing on
the mutagenesis, bacterial expression, purification, and analysis. Site-directed mutagenesis
was used to alter the amino acids known to be post-translationally modified to amino acids
mimicking either the modified or unmodified state. Purified mutants and wild type TFB2M
were analyzed in a mtDNA binding assay to determine the effects of PI'Ms on TFB2M
tunction. Initial data suggest that TFB2M relies on modified or unmodified states of key PIM
sites to regulate its ability to bind to mtDINA. Characterization of these sites is critical for
determining TFB2M’s role in mtDNA transcriptional regulation. Future work involves
additional screening of TFB2M mutants, optimization of the mtDNA binding assay for
analysis of other nucleoid proteins, and in vitro transcription assays to assess mutant protein
functionality on mtDNA transcription.
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VACM-1/CULS) acts as the scaffold protein in the E3 ligase complex in the ubiquitin-dependent
protein degradation pathway. The overexpression of VACM-1/CULS is known to inhibit
proliferation, whereas inhibition of VACM-1/CUL) expression induces cellular proliferation.
Thus, VACM-1/CULS is implicated in cancer pathways. The effect of VACM-1/CULS
on cellular proliferation is dependent on its post-translational modification (PTM) by
NEDDS protein (neddylation). The relationship between NEDD8 and VACM-1/CULS5

is important for cell cycle regulation and offers a target for cancer therapy. This work

BIOCHEMISTRY & MOLECULAR BIOLOGY

explores the structure-function relationship between VACM-1/CULS and its neddylation.
VACM-1/CULS was mutated at the putative neddylation site Lysine (K) 724 and at three
potential neddylation sites, K724, K727, and K728 (3K mutant). Our work suggests that
the expression of the K724 mutant induces growth whereas expression of the 3K mutant
does not affect cell growth. Interestingly, Western Blot analysis indicates that the 3K
VACM-1/CULD mutant is still neddylated, which suggests that VACM-1/CULS may
be neddylated at additional lysine sites. Our current work focuses on characterizing cells
transfected with the mutated VACM-1/CULS cDNAs to elucidate how site-specific
neddylation may control alternative signaling pathways.
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As urban development continues to replace natural forests at a rapid pace, urban forests
are becoming increasingly important in providing beneficial ecosystem services to people.
Trees remove carbon dioxide and pollutants from the atmosphere, they mitigate erosion
and stormwater runoff, and they reduce the costs of heating and cooling. This project aims
to quantify the benefits that urban trees in the City of Holland provide through completion
of a tree inventory. We have surveyed 4,588 trees and identified 99 different tree species, just
over half of which are native to Michigan. Climate- and pollution-related benefits of native
and non-native species are similar, except for the largest trees. The mean tree diameter is
14 in. A sugar maple this size would provide $5.17 of benefits yearly by removing pollution
and carbon dioxide, and by interfering with stormwater runoff. The annual value of the
inventoried trees relative to these same 3 “ecosystem services” is $20,240. In the future, the
ability of this population to sequester carbon will increase by over 10 tons as the trees increase
in mass. In addition, the City of Holland has potential to further increase the Urban Tree
Canopy’s benefits through new plantings of particular species with high climate- and

pollution-mitigation value.
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Considering the requirement for unsaturated fatty acids (UFAs) to produce phospholipids,
we investigated the potential cross regulation of phospholipid and UFA biosynthesis. The
A-9 desaturase, encoded by OLE], 1s the sole source of endogenous UFAs in Saccharomyces
cerevisiae. Inspection of the OLET promoter revealed several sequences that are close
matches to the regulatory sequence, UASINO, found in many phospholipid biosynthetic
genes, and 1s the target of regulation by Ino2p, Ino4p and Opilp. We then examined if
these proteins also play a role in regulation of OLE! expression. Reporter gene analysis
showed that when uracil prototrophy was placed under control of the OLE! promoter, poor
expression was observed in an opil mutant. When lacZ was placed under control of the
OLE] promoter, reporter assays confirmed that expression was poor in the opil mutant.
Fatty acid analysis revealed that normal down regulation of OLE] expression occurred

in response to UFA supplement in the opil mutant, indicating that post-transcriptional
regulation is still functional. Finally, the 2-hybrid assay was used to examine potential
interactions between Opilp and Olelp, Ino2p, Ino4p and known OLE! regulators Mga2p
and Spt23p. While no unexpected Opilp interactions were detected, we observed that
Ino4p interacts with Mga2p in this assay. This preliminary work indicates that phospholipid
regulators also play a role in regulating OLE] expression.

T his project was an interdisciplinary endeavor between the Departments of Education and
Buology. See page 96 in the education section of this book for full abstract.
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The ARV1 gene in both mice and yeast affects expression of OLE], the gene that encodes
the A9 desaturase. Transcriptional regulation of OLE] was tested in wildype and arvl
mutant yeast strains with an OLE1-lacZ reporter gene assay, where it was determined that
mutation in arv] significantly decreased desaturase expression. However, analysis of fatty acid
composition determined that regulation of desaturase expression by unsaturated fatty acids
appeared to be intact in the arvl knockout yeast, indicating that the defect in regulation is
at transcriptional regulation and not post-transcription. To examine Arv1’s role in mammals,
wildtype and arvl knockout mice were fed normal chow and high fat diets, and fatty acid
profiles of the different tissues was determined to provide insight to desaturase expression.
Several types of adipose tissue; brown adipose tissue (BAT), mesenteric white adipose tissue
(WAT), epididymal WAT (eWAT), liver and small intestine were examined. Differences are
evident between the wildtype and arvl knockout mice indicating that expression of SCD1
gene (the mouse orthologue of OLE]) is affected by the arvl mutation. The results indicate
that arvl affects desaturase expression in both mice and yeast, as evidenced by experiments
with mutant strains in both species. The exact mechanism through which the ARV1 encoded
protein is exerting this effect is under investigation.

Sixteen new mycobacteriophages were isolated from soil samples collected around the state of
Michigan and parts of the United States. All phages were capable of infecting Mycobacterium
smegmatis and were isolated through either enrichment or direct plating at 32°C. A variety
of plaque morphologies were produced based on size, shape, and clarity; both lytic and
temperate phages appear represented in this collection. The mycobacteriophage, Paphu, was
chosen as one of three phages for complete genome sequencing and comparative genomic
analyses. The predominant plaque produced by Paphu after 48 hours at 32°C was circular
and was approximately 2-3 mm in diameter. The plaque morphology was clear with a turbid
ring resulting in a halo visual. The complete genome sequence for Paphu revealed a relationship
to mycobacteriophages of cluster A, subcluster Al, which now contains 153 sequenced
members. Paphu is most similar to the Al phages AFIS and Blue. The genome size of
Paphu is 50,864 bp, placing it at the smaller end of all sequenced Al mycobacteriophages.
However, it has one of the highest GC contents of Al phages at 64.1%. Auto-annotation
of the Paphu genome indicates it contains at least 89 protein-encoding genes and no tRINA
genes. Despite their genomic sequence similarity, phages of subcluster Al, including Paphu,
are still quite diverse. For example, auto-annotation of Paphu identified several Orpham
genes (genes with unique sequences and no representatives in the databases) in a highly
variable region of Al phage genomes. A detailed analysis of the complete genome sequences
and comparison with sequenced mycobacteriophages is the subject of the second semester
of this yearlong course and is presented.
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The Pekin duck is a valuable agricultural commodity in the U.S. Pekin ducks are seasonal
breeders; they are sensitive to light and thus, research on the neuroendocrine and behavioral
responses are needed to overcome technological limitations. There is compelling evidence that
specific wavelengths of light are required to improve the growth and welfare of meat (grow
out) ducks. For example, blue light may not be ideal for grow out ducks due to considerably
increased motor activity, significantly decreased body weight and increased serum corticosterone
(cort) levels. Therefore, our objective is to determine the role of both deep brain photoreceptors
(DBPs) and retina photoreceptors (RPs) during duck development. Two groups of ducks
were raised with and without light over 21 days from egg laying, embryonic day zero. We
then collected brain and retinal tissues of ducks at embryonic days 3, 7, 11, 16, and 21. To
examine DBPs, we designed and created primers for 4 genes: OPN4, VAL-opsin, OPN5,
and rhodopsin. For RPs, we designed and created primers for genes responsible for both
cones (RH2, SWS1, SWS2, LWS opsins) and rods (rhodopsin, MAFA, IRBP in duck eye
development. qRT-PCR was performed utilizing listed primers for DBP, RP rods, RP cones
and reference gene, using 10 samples each for ducks raised in both light and dark conditions.
RINA was then extracted from the tissue collected and gRT-PCR was performed. Understanding
when these specific genes are upregulated across development will help the husbandry of
duck by providing an ideal time for light usage during duck development. Future directions
will determine which wavelength of light, at a specific time of development, is most suitable
for grow out ducks.

Wetland habitats fill vital environmental roles because they potentially increase wildlife
diversity and provide important ecosystem services. During 2015, the Outdoor Discovery
Center (ODC) in Holland began reconstructing a wetland from an agricultural field, hoping
to improve wildlife diversity. However, this site is near a regional airport, which raised some
concern regarding the potential for increased aviation collision risk. In order to evaluate
the success of the wetland in attracting wildlife and the potential wildlife hazard to aviation,
we analyzed over 600,000 trail cam photos from 4 camera stations operating continuously
through the 2015 wetland construction, and for 2 years thereafter. The most common
species captured in photos were White-tailed Deer, Wild Turkeys, ducks and geese, a variety
of small bird species, and small mammals such as coyotes. Each trail camera took both
motion-activated photos and timed photos (taken every 5 minutes regardless of animals present
from sunrise to sunset). Motion-activated photos provide important insights into the activity
patterns of larger animals, especially at night, whereas timed photos have allowed us to discern
distinct seasonal patterns in the abundance of large flocks of potentially “hazardous” animals
such as Canada Geese. Results thus far suggest that wildlife has flourished in the new wetland;
we have documented 13 species of mammals and 27 species of birds, as well as a few reptiles
and amphibians, through trail cam photos. In addition, the camera trap project has provided
unique glimpses into the activity patterns of various species. Our wildlife census information
has been used to advise wildlife management decisions, and can be used in the future to
alert airport personnel to dates and times of potentially heightened risk.
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Sixteen new mycobacteriophages were isolated from soil samples collected around the
state of Michigan and parts of the United States. All phages were capable of infecting
Mycobacterium smegmatis and were isolated through either enrichment or direct plating
at 32°C. A variety of plaque morphologies were produced based on size, shape, and clarity;
both lytic and temperate phages appear represented in this collection. The mycobacteriophage,
Philly, was chosen as one of three phages for complete genome sequencing and comparative
genomic analyses. The predominant plaque produced by Philly after 48 hours at 32°C was
small and fairly clear (the relative clarity of the plaques is difficult to assess due to their small
nature). The diameter of one plaque is approximately 1 millimeter and the plaques were
not perfectly circular. The complete genome sequence for Philly revealed a relationship to
mycobacteriophages of cluster B, subcluster B3, which now contains 31 sequenced members.
Interestingly, all but a few B3 phages have been isolated between Michigan and Washington,
D.C. The genome of Philly is 68,523 bp, which is smaller than most of the sequenced
B3 mycobacteriophages. It has a GC content of 67.5%, similar to the host M. smegmatis
(67.4%). Auto-annotation of the Philly genome indicates it contains 101 protein-encoding
genes and no tRNA genes. Phages in subcluster B3 share very high sequence identity
throughout the genome lengths. Philly maintains this pattern, being nearly identical to
mycobacteriophages Heathcliff, Athena, and Bernado despite their isolation in different years
(2003-present)and in different geographical locations. Like all B3 phages, Philly also contains
many short sequence repeats throughout its genome. The function and derivation of these
repeated sequences is not known. Philly does contain some genomic variability involving
genes 2, 5, and 56. These differences might offer explanations on how this genome was
constructed and how it evolved. A detailed analysis of the complete genome sequences
and comparison with sequenced mycobacteriophages is the subject of the second semester
of this yearlong course and is presented.



NATURAL & APPLIED SCIENCES

Role of Phosphatidylcholine
in Viral Replication

Cindy Nguyen
Mikayla Coombs

Mentor:
Dr. Benjamin Kopek,
Biology

Supported by the Hope
College Department of
Biology and the Towsley
Research Scholars Award

at Hope College.

BIOLOGY

Positive-strand RINA [(+)RINA] viruses are significant human pathogens. A universal feature
of (+)RNA viruses is that they replicate their genomes in association with host intracellular
membranes. This association may be a target for broad spectrum antivirals against (+)RNA
viruses. The (+)RINA virus used in our studies is Flock House virus (FHV). FHV is a simple
(+)RNA virus with a 4.5 kb bipartite genome that replicates in insect cells. FHV replicates
its RNA genome at the outer mitochondrial membrane of infected cells where it forms 50-
70 nm in diameter invaginations that are membrane-bound RNA replication complexes.
Previous work by others has shown an increase in the amount of phosphatidylcholine, a
phospholipid, in FHV infected cells. We hypothesize that phosphatidylcholine is involved
in membrane-bound replication complex structure and formation. To test this hypothesis,
we incubated infected Drosophila S2 cells with choline analogs (propargyl choline or
1-azido-choline), which are biosynthetically incorporated into phosphatidylcholine. These
analogs allow phosphatidylcholine to be conjugated to fluorescent dyes for imaging. Confocal
fluorescence microscopy showed an enrichment of phosphatidylcholine at sites of viral
replication. Additionally, decreasing the amount of phosphatidylcholine in Drosophila
cells through targeted down regulation of biosynthetic genes using RNAi decreased FHV
replication. To further investigate, we generated genetic knockouts of phosphatidylcholine
synthesizing enzymes using Crispr/Cas9. Genome editing was evaluated using a 17
endonuclease assay. We also hypothesize that the enzymes required for the formation of
phosphatidylcholine may localize to sites of viral replication. To test this hypothesis, we
transfected Drosophila cells with mCherry tagged CDP-choline pathway enzymes and
visualized the location of these enzymes using confocal fluorescence microscopy. Interestingly,
our results indicate that the CDP-choline enzymes cctl and cct2 are not localized to viral
replication sites in Drosophila S2 cells, which would be a different mechanism than has
been observed for other (+)RNA viruses.
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A major component of NASAs 2018 strategic plan was to send astronauts to and beyond
our lunar orbit within the next couple of decades. A risk to mission success is an astronauts’
exposure to galactic cosmic radiation (GCR), a mixture of chronic low-dose, high-energy,
high-charge ion particles (HZE). Previous high-energy radiation proton studies show lasting
inflammation in the eye in humans treated for uveal melanomas. In mice, HZE particles also
showed deficits in cardiac physiology, brain electrophysiology, and memory. Of particular
interest to long-term mission success are low-dose, low-energy protons due to their high
abundance in the space environment. Given the detrimental physiological and cognitive
impact on humans and rodents after high-energy proton studies and a lack of low-energy
proton studies on skin and inflammation, knowledge of how inflammation might respond
to chronic low-dose, low-energy proton radiation is warranted. In our experiment, mice
were put into a 50mL conical tube; half were irradiated using the Hope College Pelletron
accelerator at a low-dose (50 mGy/wk) of protons. After 10 weeks, half the irradiated
mice and half the non-irradiated mice were euthanized for molecular studies. Levels of
inflammatory cytokines like tumor necrosis factor, which are associated with increased
depression, bipolar disorder and schizophrenia were assessed. The other half underwent
behavioral tests that looked at stress behaviors. Therefore, the proposed study aimed to
test the hypothesis that chronic low-dose, low-energy proton radiation negatively impacts
mental health due to lasting systemic inflammation. Future directions are to examine HZE
particles (e.g. Fe, Si, and C) at Brookhaven National Laboratories in Long Island, NY, to
compare chronic low-energy low-dose particles and high-energy low-dose protons which
will help future NASA missions to and beyond lunar orbit.
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Adeno-associated viruses (AAV) are being utilized for gene therapy and research for
delivering genes to target tissues. A gene therapy using AAV was approved in 2017 for
treatment of a form of blindness. AAV is an attractive system for gene therapy because

it is replication-incompetent and can be manipulated to target specific tissues (e.g., muscle,
neurons). AAV is also commonly used in basic research to elucidate important processes and
pathways, for example neural circuits. Although multiple AAV serotypes are available for
mammalian systems, few exist for other organisms. In collaboration with Dr. Greg Fraley, we
are attempting to generate AAV vectors for transduction of avian species, specifically ducks.
The approach we are taking is to use an AAV system developed by Matsui, Tanabe, and
Watanbe that used avian adeno-associated virus (A3V). Matsui previously demonstrated
targeting of chicken neurons using this system. To generate A3V vectors for testing in ducks,
cells were transfected with plasmids for A3V viral vector production. Three days post-transfection,
A3V was harvested and purified by ultracentrifugation and filtration. The titer of each
preparation was determined using qPCR. Two viral vectors were produced, one expressing
green fluorescent protein and another the red-fluorescent protein mCherry. These vectors will
be injected into ducks to determine infection and expression of reporter genes in neural tissue.
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Herpes Simplex Virus Type I (HSV-1) has been known to increase levels of amyloid beta,
a toxic protein that forms plaques within the central nervous system. These plaques are
currently recognized as a leading cause of dementia. In humans, HSV-1 develops a
latent infection, but can reactivate—Xkilling host cells and spreading virus particles to once
uninfected cells. This work tested the hypothesis that physical damage to dorsal root ganglion
neurons would prompt the reactivation of HSV-1 from its latent stage. To test this, we cultured
dorsal root ganglia neurons and then induced viral latency by co-treating neurons with the
I strain of HSV-1 (MOI:1.5) and the antiviral compound acyclovir. Current results reveal
that we have successfully produced an i vitro model of HSV-1 latency. Ongoing work is
testing if structural damage via sonication to dorsal root ganglion neurons prompt the
increase of expression of viral genes necessary for HSV-1 reactivation.

The hemlock woolly adelgid (Adelges tsugae; HWA), an invasive insect that has recently
spread to West Michigan, poses a serious threat to the survival of Eastern hemlock (Zsuga
canadensis) populations along the lakeshore. Eastern hemlock’s dense evergreen canopy
alters the understory environment of West Michigan dune forests and provides overwinter
habitat and food for animals. Little is known about hemlock’s population dynamics in dune
forests and how the decline will impact these communities. During 2018, we censused
hemlock population status and HWA infestation in multiple forest stands and found that
0-12% of hemlocks were infested with HWA. We also measured soil moisture, leaf litter
invertebrate diversity, understory light intensity, and photosynthetic activity of hardwood
seedlings beneath hemlock and hardwood canopies to predict the likely effects of HWA-driven
hemlock decline. Eastern hemlock significantly alters the growth conditions for other species
in the understory, especially in the early spring, through its effect on the light environment.
Early spring light conditions beneath hemlocks suppress seedling recruitment, as only 7.16%
of photosynthetically active radiation reaches the forest floor, while 31.2% reaches the
understory beneath hardwoods. Hemlock death is projected to increase incident understory
light and change recruitment patterns of tree species. Future work will explore the differences
in leaf litter invertebrate diversity and aim to construct light energy budgets for different
seedling species.



NATURAL & APPLIED SCIENCES

Environmental Factors
Affecting Bacterial
Community Composition
in the Hypereutrophic
Macatawa Watershed

Eric Schumann
Richard Pellizzari
Abby Pearch
Chris Belica
Brandon Bonilla
Carolyn Cooper
Erin Kahn

Liam Kleinheksel
John McMorris
Jacob Peecher
Shannon Smith

Mentors:
Dr. Aaron Best,
Biology

Dr. Brent Krueger,
Chemistry

Dr. Michael Pikaart,
Chemistry

This material is based upon
work supported by the
National Science Foundation
under Grant No. 1616737

and through a grant from the
Herbert H. and Grace A. Dow

Foundation.

Abstract not available online.

BIOLOGY

41



NATURAL & APPLIED SCIENCES

BIOLOGY

Bacteriophages Known
for Broad Mycobacterial
Host Range Also Appear
Well-Adapted for Growth
on the Soil Microorganism
Mycobacterium smegmatis

Bethany Van Houten
Geordan Stukey
Angela Vito

Adam Krahn

Mentor:
Dr. Joseph Stukey,
Biology

Photo courtesy Hope College Public
Affairs and Marketing. Photo credit:
Jon Lundstrom.

42

Mycobacteriophages are viruses that infect mycobacterial hosts. Over 1600 mycobacteriophages
are organized into 37 distinct clusters based on genetic similarity. Some cluster A and K
mycobacteriophages can also infect Mycobacterium tuberculosis, a distinction of potential
medical importance. Hope College SEA-PHAGES students have been isolating possible
cluster K mycobacteriophages at a higher frequency (= 2x) after lowering the isolation
temperature from 37°C to 32°C. These 32°C-isolated phages were unable to propagate at
42°C. PCR analysis supported cluster K classification for many possible cluster K phages
isolated at 32°C (23 of 30 tested of a total of 43), but few isolated at 37°C (3 out of a total
of 23). All 3 PCR-supported K phages i1solated at 37°C grew at 42°C. We sequenced 16
of the possible cluster K phages, and found that all PCR-supported phages, including the
3 isolated at 37°C, belong to cluster K. We hypothesize that the observed higher Cluster K
phage isolation frequency is at least partly due to a relative growth advantage at lower
temperatures that is fully compromised at 42°C. Results from experiments testing specific
growth parameters, including phage thermostability, adsorption rate, latent period, and
burst size, are consistent with our hypothesis. In an effort to determine the step of the lytic
cycle blocked at 42°C, a temperature down-shift experiment (42°C shifted down to 32°C)
was performed on Hyperbowlee, a cluster K phage i1solated at 32°C and growth inhibited
at 42°C. Assays were performed testing two different 42°C hold time lengths. Both assays
produced a consistent shift in time to first release of new Hyperbowlee phage, to a point
about 85 minutes following the temperature down-shift. These results and subsequent tests
indicated that phage infection was blocked, post DNA transfer, at about 20-30 minutes into

the 32°C lytic cycle. Phage growth competition assays are underway.
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Bacteriophage (phage) genomes exhibit several interesting structural features. First, phage
genomes have high gene density. That is, phage genes are often found end-to-end with little
or no non-coding sequences between them. Also, phage genomes contain a large number
of novel genes with no recognizable function; they have no apparent relations in existing
databases other than those in closely related phages. Comparative analyses also reveal
they have a modular architecture, sometimes with unique gene sequences found between
otherwise highly conserved flanking genomic segments. Further, studies such as the one
performed on mycobacteriophage Giles suggest that many predicted novel genes are not
essential for phage growth, at least under laboratory conditions'. This raises the question
of how these genes became present in the genome and if their presence contributes
advantages to the phage. These observations suggest that phage genomes may serve as a
“gene nursery” where novel genes encoding proteins with no initial biological function, are
first generated and later screened for utility. However, it is unknown how the original novel
genes are produced and how they are maintained before acquiring biological function. This
project was designed to test the hypothesis that phages maintain high gene density genomes
because they have reproductive advantages over phages with relatively more open genomes.
The project aims to generate model phage genomes to represent locally tightly-packed
(high density) and open genome structures. Existing gene sequences from phages Giles and
D29 are being used to generate pairs of novel DNA segments, where one is a “scrambled”
protein-coding, but biologically irrelevant gene, and the other a non-coding DINA segment
in which all start codons were removed. Using the Bacteriophage Recombineering with
Electroporated DNA (BRED) protocol, the novel DNA segments are being inserted into
the Giles and D29 genomes (each pair inserted at a different genomic position but both
members of a pair inserted at the same genomic position), to create a test pair of modified
phage genomes, one representing a tightly-packed genome model, and the other an open
genome model. The reproductive characteristics of the modified phages will be tested and
compared. We predict to see results that suggest the modified phages with tightly packed
genomes have reproductive advantages over the phages with open structures.
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VACM-1/CULD), a cullin gene family protein member, acts as a E3 ligase scaffold protein
in the ubiquitin-proteasome system. This system is critical for degrading proteins and
maintaining cellular homeostasis. The truncated form (KLB22) overlaps with the open
reading frame (ORF) of VACM-1/CULS. KLB22 is located approximately 1200 base
pairs downstream of the start site of VACM-1/CULS. Contrary to wild type VACM-1/
CULS), the overexpression of KLB22 increases cellular proliferation, indicating a role

in cancer pathways. The goal of this study was to knockout KLB22 and VACM-1 using
CRISPR-Cas9—this knockout is referred to as the double knockout. Single guide RNA
(SgRNA) sequences were designed to target KLB22. These sequences were annealed and
ligated into the Px459 plasmid that contained a puromycin selection marker. HUVEC
cells were transfected with a Px459 plasmid and sequencing analysis confirmed the double
knockout and successful insertion of the designed sgRINA. Our future work will examine
how the HUVEC cell lines function after the double knockout via CRISPR-Cas9.

This project was an interdisciplinary endeavor between the Departments of Education and
Biology. See page 97 wn the education section of this book for full abstract.
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Ethylenedioxythiophene (EDOT)-substituted iron porphyrin and an aminomethyl EDOT
monomers (AMEDOT) were synthesized and electropolymerized to form a redox-active
mediation film between glucose oxidase enzyme and an electrode as part of the fabrication
of an electrochemical glucose biosensor. The EDOT=-substituted iron porphyrin was prepared
in a four-step sequence from hydroxymethyl EDOT (HMEDO'T) while the AMEDOT
monomer was synthesized via a reduction of an azide. Polymerization of the two monomers
was done electrochemically on a glassy carbon electrode which was then functionalized with
glucose oxidase and used for the electrochemical sensing of glucose solutions at various
concentrations. An electrochemical response to the analyte glucose was seen. Strategies to
improve the response by crosslinking the EDOT film to the glucose oxidase enzyme are ongoing,

Fluorescent proteins (FPs) are important to many studies of protein function, and we plan
to examine them in the future using molecular dynamics (MD) simulations. Before running
MD, fluorescent protein chromophore parameters must be determined that are consistent
with the latest version of the Cornell et al. force field (1995, 7. Am. Chem. Soc.), ff14SB (Maier
et al.,2015, 7 Comp. Theo. Chem.) along with the generalized AMBER force field (Wang et
al., 2004, 7. Comput Chem.). Parameterization was carried out using quantum mechanical
calculations to determine the optimized geometry and electrostatic potential of each
chromophore. The restrained electrostatic potential (RESP) charge fitting procedure was
used to derive atomic charges. All other parameters (Lennard-Jones, Bond length, Bond
Angle, Dihedral Angles) were assigned by analogy to pre-existing force field parameters.
Complete MD parameters are presented for the chromophores of six common FPs: EGIP,
mCherry, DsRed, EBFP, EYFP, and ECIP.
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The Smith research group in mechanical engineering has an interest in photomechanical
materials, which convert light to mechanical work through the photoisomerization of oriented
azo dyes in polymer or liquid crystalline networks.!"! The Gillmore research group in organic
photochemistry has expertise in organic photochrome synthesis and isomerization. Together
they are working to prepare polymerizable monomeric analogs of the BF -coordinated azo
dyes reported by Aprahamian and coworkers.?’l These dyes are of interest due to their
ability to absorb and isomerize at longer wavelengths (orange to near IR) than conventional
(UV to green) azo dyes. Once synthesized these dyes may be incorporated into polymer
networks forming a photo responsive material. The use of longer wavelengths should minimize
competitive absorption and photodegradation of materials and devices, and may allow
future biocompatibility. Multiple paths have been explored by each group for incorporating
the long wavelength dyes into a polymer network. Thiol-yne polymerizations!* are one such
option due to their good precedent in similar photoresponsive polymeric materials. With
this chemistry, the Gilmore and Smith group intend to incorporate dyes as both cross-linked
and pendent monomers. In this present work I will report progress toward ethynyl and
diethynyl substituted BF,-azo dyes, and model studies related to their incorporation into
polymer networks.

[1] White, 'IJ.; Broer, D,J. Nat. Mater. 2015, 14, 1087-1098.

[2] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2012, 134, 15221-15224.
[3] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2014, 136, 13190-13193.
[4] Chan, J.W,; Shin, J.; Hoyle, C.E.; Bowman, C.N.; Lowe, A.B. Macromolecules 2010,
43, 4937-4942.
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Carbon-carbon bonds are known for their relative stability. Past research has shown that
certain metal catalysts are capable of breaking carbon-carbon bonds but require a directing
group. Methods involved in breaking carbon-carbon bonds could be greatly expanded with
the use of a removable directing group.

This project focuses on the use of amides as removable directing groups. These rhodium-
catalyzed reactions involve successful activation of the amides followed by coupling with

a variety of substrates including Michael acceptors, boronic acids, and alkenes. Ongoing
studies are required to optimize the reaction, to explore the substrate scope, and to determine
the mechanism.
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work supported by the
National Science Foundation
under Grant Nos. 1148719 &
1764118, an award from the
Henry Dreyfus Teacher-
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Kinetics of Strontium Osteoporosis is a disease that affects millions of people worldwide and is thought to be

Leaching from Doped characterized by an imbalance of osteoblast and osteoclast activity in bones. Strontium (Sr)
Nanoparticles has been shown to balance the activity of both of these cell types. Strontium-doped
hydroxyapatite nanoparticles (Sr-nHAps) present a biocompatible method of strontium
Carmen Chamberlain delivery to bones in affected individuals. Sr-nHAps were synthesized with various ratios
of calcium to strontium and characterized by SEM, EDS, and P-XRD. Leaching studies
were carried out in both phosphate buffer saline (PBS) and simulated bodily fluids (SBF) to

Mentor: determine the effect of 1onic solutions on the leaching rate of strontium ions. SBF contains

Karissa Libson

Dr. Amanda Eckermann,

di-cations, including Ca** and Mg?**, that can replace Sr** in the hydroxyapatite lattice. The

Chemistry rate of strontium leaching from the hydroxyapatite lattice was evaluated by ICP-OLS. This

study shows that the majority of strontium cations leached out of the lattice in the first 24
This work funded by hours. Further, the leaching rates were dramatically decreased if the particles were sintered
Michigan Space Grant at 800 °C for two or more hours.

Consortium, NASA grant

#NNX15AJ20H.
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Azo dyes are a class of organic compounds that undergo reversible photochemical #rans- to
cis- isomerization. They have shown promise in photomechanical applications.!! Typically,
azo dyes isomerize by absorbing ultraviolet to blue-green light. In this region of the
electromagnetic spectrum, competitive absorption by other organic molecules is at a
maximum, and these relatively higher energy wavelengths provide a greater likelihood of
photodegradation of the material. Aprahamian and coworkers have reported a class of
BF,-coordinated azo dyes that absorb red-orange to near infrared light."**) These lower energy
wavelengths minimize both competitive absorption and photodegradation, and could allow
biocompatibility. Efforts in the Gillmore group have been made to incorporate a polymerizable
substituent on the BF,-azo dye, that the dye can be incorporated into a polymeric system for
photomechanical applications by our collaborators. An ethynyl-substituted BF,-coordinated
azo dye has been prepared for incorporation into a polymer. This could be possible by
Sonogashira coupling onto either a monomer or a polymer, by copper(l)-catalyzed alkyne-azide
cycloadditions (Click chemistry) to azides functionalized with various polymerizable substituents,
or by partial reduction to a vinyl-substituted dye for vinyl free radical polymerization. Current
and future syntheses and polymerization efforts are reported.

[1] White, TJ.; Broer, D.J. Nat. Mater. 2015, 14, 1087-1098.
[2] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2012, 134, 15221-15224.
[3] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2014, 136, 13190-13193.
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Azo dyes are a class of organic compounds known for their ability to absorb UV-green
wavelengths. This absorption causes reversible isomerization from trans- to cis-, which
allows the azo dye to serve as the photoactive moiety in a photomechanical material if
the dye is incorporated into a polymeric or liquid crystalline network.' The Gillmore

and Smith research groups at Hope College seek to incorporate a relatively new class

of red-shifted BF2-coordinated azo dyes** into such networks. In this poster we describe
how this may be done by incorporating halides or ethynyl groups on the dye. Literature
data and our own model studies indicate that Sonogashira coupling of this appropriately
functionalized dye or a suitable precursor with a linker bearing the other (halo or ethynyl)
substituent would allow preparation of a polymer in which the dye is incorporated main-chain,
which is ideal for photomechanical materials. To be incorporated into a polymer in a
useful way, a more soluble linker compound than those first used in our model studies is
required. Preparation of multiple potential soluble linkers is underway. Once prepared
these linkers will be used in further model studies and with the desired dyes to prepare the
photomechanical polymer network of interest.

[1] White, 'IJ.; Broer, D,J. Nat. Mater. 2015, 14, 1087-1098.

[2] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2012, 134, 15221-15224.
[3] Yang, Y.; Hughes, P; Aprahamian, I. J. Am. Chem. Soc. 2014, 136, 13190-13193.
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xC'T, found in neuroprotective cells like astrocytes and microglia, is an important protein in
the regulation of oxidative stress within neurons'. xC'T controls production of glutathione,
a critical reducing agent’. We hypothesize that because the neuroregenerative process is
metabolically taxing and results in formation of reactive oxygen species, there is a vital need
for antioxidants and, therefore, xC'T. The study currently focuses on creation of genetic
constructs incorporating a fluorescent protein, mCherry, and an xCT-EGIP fusion protein.
These proteins will be inserted into zebrafish expression vectors operating under the hb9
and GFAP promoters using subcloning. This will allow us to visualize trafficking of xCT
during the neuroregenerative process, which will be initiated using laser ablation. Initial
images from a home-built confocal fluorescence microscope are presented, demonstrating
the imaging ability of the instrument.

1 Jackman, Glia. 2010, 15, 1806.
2 McBean, Trends Pharmacol Sci. 2002, 7, 299.

Glucose Biosensors can be used to detect blood glucose levels in diabetics. These biosensors
work through an electrode covered with a polymer film and an enzyme to provide sensitivity
to glucose. Developing a paper-based electrode is a versatile and cost-effective alternative
to conventional glucose test strips because they can be multi-use, multi-functional, and cheap
to produce. Biosensors were formed on ceramic-plated electrodes to test the effectiveness of
the enzyme on smaller electrode surfaces. Carbon Paste electrodes of varying compositions
were tested in order to determine a viable electrode material.
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Organic conducting polymers and redox polymers are important building blocks in the
construction of electrochemical sensors and biosensors capable of detecting a broad range
of analytes in a variety of environments. Using 3,4—cthylenedioxythiophene (EDO'T) as
the polymerizable moiety, we have prepared a variety of monomers to explore the surface
and electronic characteristics of the resulting polymer films. We have designed monomers
with both alkyl and aryl substituents containing a variety of functional groups and molecular
shapes that have a wide range of expected properties. To explore how hydrophobic
functionality will affect the PEDOT film, a monomer was prepared with a highly fluorinated
straight chain alkyl substituent. The optimized synthesis of this highly fluorinated monomer
and its characterization is described. The monomer was polymerized on an I'TO electrode
and the resulting film was characterized by scanning electron microscopy (SEM). Contact
angle measurements showed the film to be highly hydrophobic.

This presentation provides an overview of the development of a nickel-mediated
decarbonylative cross-coupling of phthalimides with boronic acids to form ortho-substituted
benzamides, including exploration of the substrate scope and initial investigations into the
mechanism. The otherwise efficient reaction is plagued by small amount of a reduction
byproduct, which makes isolation of the desired product very challenging. A series of
investigations into the source of this byproduct will also be presented.
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Pyridine-N-oxide is an oxygen atom transfer (OAT) reagent used as a stoichiometric
oxidant in metal-catalyzed oxidation reactions. A polymer derivative of the N-oxide,
poly(4-vinylpyridine-N-oxide), was discovered in the 1960s, but has not been investigated
in OAT reactions. Could the insoluble poly(4-vinylpyridine-N-oxide), here called PVP-N-
oxide, offer advantages over the molecular pyridine-N-oxide? PVP-N-oxide was synthesized
and its reactivity compared to pyridine-N-oxide in the oxidation of phosphines and
phosphites. Metal-catalyzed reactions were attempted with PVP-N-oxide. Recycling

and reuse of the polymer backbone are described.




NATURAL & APPLIED SCIENCES

Solution-Phase Synthesis
and Thermoelectric
Characterization of n-
and p-type Tetrahedrite
Nanoparticles

Grace Kunkel

John Rogers

Andrew M. Ochs
Daniel P. Weller (MSU)

Daniel L. Stevens

Mentors:
Dr. Mary Elizabeth Anderson,
Chemistry

Donald T. Morelli,
Chemistry (MSU)

This work was supported by
a Beckman Scholars Program
award from the Arnold and
Mabel Beckman Foundation,

the Hope College Department

of Chemistry and the
Schaap Endowed Fund for
Undergraduate Research.

CHEMISTRY

Thermoelectric materials, which convert waste heat into electricity, are a potential avenue
toward alleviating the current energy crisis. Tetrahedrite (Cul2Sh4S13) is a unique thermoelectric
material composed of earth-abundant elements and conventionally produced by solid-state
methods that typically require weeks at elevated temperatures (>600° C). We developed a
bottom-up, modified polyol synthesis to produce high yields (2+ grams) of surfactant-free,
nanostructured and phase-pure tetrahedrite materials with one hour of heating at 220° C.
Nanoparticles (50-200 nm) were characterized by powder x-ray diffractometry, scanning
electron microscopy and energy dispersive x-ray spectroscopy. Thermopower, electrical
resistivity and thermal conductivity measurements were obtained to determine figure of
merit (Z'1) values, which describe the quality of thermoelectric performance. Our solution-
phase synthesis outperforms the materials made by conventional methods. In creating
thermoelectric devices, both n- and p-type legs must be used. However, thermal expansion
mismatch issues can quickly arise, causing material degradation. This is attenuated by
synthesizing tetrahedrite with each electrical behavior through the use of various dopants.
Fe, Zn and Co dopants have been successfully incorporated on the copper-site. Fe-doped
materials yielded the first reported observation of n-type behavior in tetrahedrite at low
temperatures. Doping Mn and Ag on the copper-site, Bi and Te on the antimony-site and
Se and 'Te on the sulfur-site is currently underway. Thermostability data will be taken as a
function of dopant identity and concentration.
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New Directions for Organic catalysts are ideal for synthesizing polymers that will be used in the body. Organic

Organocatalyzed catalysts, however, have not been used either to control polymer chirality or to polymerize

Polymerization Reactions monomers that contain therapeutic transition metal complexes. Efforts in our lab to use organic

catalysts to accomplish these goals are underway. Chiral NHCs are employed in an

Kjersti Oberle attempt to control chirality, and thiourea anions are used to polymerize metal-containing

Jared Lowe monomers.
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This project seeks to transform nitriles into building blocks for pharmaceuticals and
agricultural products. Nitriles are inexpensive, abundant chemical feedstocks that are
produced from petroleum. Oxidation of nitriles is possible when they are coordinated
to transition metals, but this reaction is not often observed or well understood. This

lab 1s investigating and developing the nitrile oxidation reaction with ruthenium and
molybdenum, in order to provide new avenues for preparation of chemical building
blocks featuring carbon-nitrogen bonds. Organometallic nitrile complexes of ruthenium
and molybdenum are in preparation and are being reacted with oxygen atom transfer
reagents to study nitrile oxidation.

Polyethylenedioxythiophene (PEDOT) can be formed from the electropolymerization of
ethylene dioxythiophene (EDOT) to form films with good mechanical stability, and excellent
electronic and optical properties for a variety of applications including electrochemical sensors
(Figure 1). A study was designed to examine how the chemical and structural properties of
a functionalized EDOT monomer affect the morphology of an electrochemically formed
film. Five EDOT monomers were prepared for this study and then electrochemically
polymerized using cyclic voltammetry (GV) on indium tin oxide (ITO) glass. The surface
morphology of the resulting films was analyzed using scanning electron microscopy (SEM).
The effects of differing the number of polymerization cycles, the potential window for
CV, and solvent on surface morphology were studied as well. Significant differences in film
morphology were observed for all variables.

LA 5N
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Laboratory instruments can be interfaced with and controlled from personal computers.
Several programs to scan lasers and acquire data have been written by students in the
Polik Lab. However, computer hardware and software change more rapidly (3-5 years)
than instrument lifetime (20 years). Thus, programs must be replaced to run on modern
computers and operating systems. This can be done to minimize dependence on specific
hardware and software.

PyScan is a laser instrument interface program intended to replace the Polik Lab’s current
software. It allows the user to control the laser, setup a scan, acquire data, and store the
data for subsequent analysis. PyScan is written in Python 3 in order to run on various
computer platforms and access a variety of data acquisition products. This flexibility
insulates it from future hardware and software changes.

Soluble oligomers of amyloid-beta (Ab) are thought to be the cause of the neurodegeneration
in Alzheimer’s Disease, but the mechanism of Ab aggregation is poorly understood. The
sequence of the peptide includes three histidine residues and a methionine residue (His 6,
13, 14, Met 35) that can coordinate to transition metal ions, as well as a hydrophobic region
(residues 16-21). One proposed mechanism of oligomerization initiates by the association
of the hydrophobic regions of two peptides, and is possibly influenced by the presence of
transition metals. Therefore, we seek to probe the oligomerization mechanism using ruthenium
cymene complexes with hydrophobic ligands that will (1) coordinate to the His residues and
(2) interfere with the hydrophobic interactions. To this end, we have designed and synthesized
ruthenium and cobalt complexes that bind to imidazole-type motifs and have hydrophobic
ligands. In order to observe the effect of complex binding on the oligomerization of Ab,
we take advantage of a relatively recent discovery that native Ab acts as an antimicrobial
peptide. Exposure of Ab to one of our complexes ((cymene)RuCI2(L); L = isoquinoline)
appears to depress the antimicrobial activity.
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Plytolacca americana, know commonly as pokeweed, is a pioneer species native to the northeastern
United States. After a period of dormancy, pioneer species like P americana grow rapidly
during high light conditions, such as during canopy gaps caused by tree falls. To enable
longevity in the seed bank, pioneer species have developed numerous chemical defenses to
persist despite constant threats from the environment. This research seeks to identify and
characterize the compounds in P americana that may protect the seeds of this pioneer species
from fungal attack while dormant in the soil. To isolate possible anti-fungal components
of P americana, methanol extracts of the crushed seeds were prepared, and the components
separated using a cyclograph, preparative TLC, and HPLC. These compounds were identified
via 1H NMR, 13C NMR, and MS. Their anti-fungal properties were characterized by
poisoned-medium bioassays with pathogenic fungi on the separated and identified fractions.

An understanding of reaction intermediates and mechanistic pathways can provide
information allowing the further diversification of a known transformation. Previous
work has shown that pyridyl ketones undergo rhodium-catalyzed carbon-carbon bond
activation and decarbonylation. With the goal of achieving alternative functionalization
of the carbon-carbon bond, efforts are underway to examine the mechanism of this
reaction. This presentation will provide an overview of the current understanding of
this mechanism gleaned from analysis by NMR spectroscopy, in-situ IR spectroscopy,
and competition reactions between various substituted pyridyl ketones.
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Hope College has two supercomputer clusters, curie and mu3c, that are regularly used to
perform scientific calculations. Though the clusters work well overall, dealing with the
dependencies inherent in an array of scientific computing software has created problems for
both users and system administrators. To overcome this, we are exploring how to implement
container virtualization into our clusters using Docker, an open-source container platform.
We have created a test cluster and successfully run containerized Gaussian and MOPAC jobs
through our job scheduler; Slurm. We have overcome security limitations inherent to Docker
using a wrapper that we call Hocker, based originally on ideas from Socker (Azad, 2017
IC2E, p. 279-285). We have created thorough documentation about the creation and
operation of a virtualized cluster that promises to be more scalable and sustainable

than previous designs.
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Computers almost always contain one or more central processing units (CPU), each of
which processes information sequentially. While having multiple CPUs allow a computer
to run several tasks in parallel, many computers also have a graphics processing unit (GPU)
which contains hundreds to thousands of cores that allow it to execute many computations
in parallel. In order to complete a larger task, GPUs run many subtasks concurrently. Each
core performs the same instruction on different sets of data, making it useful for performing
tasks such as calculating what each individual pixel displays on a screen. The purpose of this
research was to learn how GPUs work, how to write GCUDA programs to utilize GPUs, and
to determine if GPUs could be used to increase the speed of algorithms used to determine the
pebbling properties of graphs. In addition, we developed a class module on GPU computing
with CUDA for the Advanced Algorithms class in Hope College’s Computer Science department.

Vitalis 1s an electronic medical record (EMR) application developed for use by nursing students
in sophomore level classes. It is designed to be a tool to help familiarize students with the
terminology and concepts associated with EMR systems, and to serve as a stepping stone
between the classroom and the hospital environment. Faculty set up patient scenarios for
students to use to gain experience charting about patients, and then have the ability to review
and comment upon each students’ work. The main tools used in the development of Vitalis
are the Angular? Javascript framework with HI'ML5 and CSS3 for the front end, and Ruby
on Rails for the backend database and REST API used to store students’ and professors’ data.
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COMPUTER SCIENCE

In the summer of 2016, the Ready For Life program at Hope College requested an application
that would allow students to be able to manage money and learn skills pertaining to budgets
in both practical and simulated scenarios for their budgeting class. Three Hope Computer
Science students developed Bilancio, a budgeting app designed for use on Apple devices,
and the app was used frequently in the curriculum. Over the course of the next two years,
an increasing number of students used Android phones, and while the program had access
to iPads for those who did not have their own Apple devices, the number became almost
unmanageable. As a result, the program once again requested the help of the Computer
Science department to develop an Android version of Bilancio during the summer of 2018.
Using tools such as Android Studio, Pivotal Tracker, and Git, we completed a version of
Bilancio designed to run on Android devices, containing all of the same features present
on the iPhone version so that teaching practices revolve around the concepts of budgeting
and money management rather than the function of the app on each kind of device. As

a result, users at all levels of technological skill can easily track their spending in a clear,
organized fashion.
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Phantom limb pain, a pain or discomfort in a missing limb, affects 80% of amputees. This
pain may originate from incoherent signals in the amputated pathway, likely causing changes
in the somatosensory cortex. We hypothesize that by applying a non-painful sensation in
the amputated limb, phantom limb pain may be reduced or eliminated. The long-term goal
of this project is to develop a non-invasive therapy that consists of an electrically activated
tapping sensation in the missing limb to promote neuroplasticity and changes in the
somatosensory cortex. In this phase we investigated the differences in cortical activity
between sensations evoked through electrical activation of the median nerve and physical
tapping on the hand.

An electroencephalogram (EEG) was used to measure cortical activation in the somatosensory
cortex during artificial and actual touch. A 64 electrode EEG cap was placed on the scalp to
measure cortical signals. Cortical responses were recorded under the following conditions:
1) Investigator tapped on each finger and the palm with a reflex hammer. 2) Electrical
stimulation of the median nerve at the elbow was used to elicit a tapping-like sensation in the
subject’s hand. 3) Matched stimulation where the investigator tapped in the location where
stimulation was felt. The trials were grouped based on tapping conditions, and each group
was averaged together to remove non-event related portions of the cortical activation.

The data was analyzed by comparing normalized peak voltages of cortical activation by time
and voltage, and by calculating the correlation coeflicients between the different conditions.
Analysis was done on peak voltages at approximately 20 and 60ms post stimulus to quantify
the brain’s detection of stimulus, and peaks around 100ms to quantify perception. It was
found that stronger cortical activation was elicited contralateral (opposite side) to physical
and electrically activated sensation in all cases. Signal correlation, and timing varied between
subjects. More trials are needed to determine quantifiable differences between these two
types of sensations.
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Civil structures, such as buildings and bridges, are constantly at risk of failure due to extensive
environmental loads caused by earthquakes or strong winds. In order to minimize this risk,
the application of control systems for civil infrastructure stabilization has been proposed.
However, implementation challenges including communication latencies, computation
inundation at the actuation node, and data loss have been impeding large-scale deployment.
In order to overcome many of these challenges, inspiration can be drawn from the signal
processing techniques employed by the biological central nervous system. This work uses a
bio-inspired wireless sensor node, capable of real-time frequency decomposition, to simplify
computations at an actuating node, thus alleviating both communication and computation
inundation and enabling real-time control. The simplistic control law becomes F=wN, where
F is the control force to be applied, w is a weighting matrix that is specific to the structure,
and N is the displacement data from the wireless sensor node. There is no empirical solution
for deriving the optimal weighting matrix, w, and in this study numerous methods were
explored in order to determine values for this matrix that produced the most effective control.
These methods included particle swarm optimization, artificial neural networks, and optimal
control theory. Through the use of performance metrics which compare the simulated
structure’s controlled and uncontrolled responses due to the applied disturbances, it was
quantitatively found that the application of particle swarm optimization produced the
preferred results.

Control systems have begun to be integrated into civil infrastructure, such as buildings and
bridges, in an attempt to protect them from the damaging effects of large external loads, such
as earthquakes and high winds. Although there have been some successful implementations
of these systems, there still exists several flaws which prohibit their widespread adoption,
such as high energy costs, lag-time and data-loss. As such, new, novel methods are needed
to make such systems more effective and efficient. A bio-inspired wireless sensor has been
developed that draws inspiration from the signal processing techniques used in the mammalian
auditory system, which results in real-time frequency decomposition techniques, as well as
extremely eflicient data compression and transmission. Due to its up-front pre-processing
capabilities, this sensor can be easily integrated into a streamlined control algorithm that
requires minimal computational capacity, thus alleviating large lag-time in the system and
resulting in more effective control. Previous results have shown promising results in simulation
and this summer, efforts were made to validate this version of control theory in a physical
system. Numerous hardware and software issues were addressed for the experiment and
future research will further validate the control scenario.
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The primary focus of this project was the implementation of a multi-robot system, comprised
of three Yujin™ Kobuki turtlebots. Each turtlebot was initially controlled with a laptop,
but was then upgraded to a Raspberry Pi™ single-board computer that runs Ubuntu
Linux in accordance with ROS (Robot Operating System), which provides the capability
of establishing a network connection among the three robots via Wifi. This network is the
core aspect of the system and is crucial for communicating data among the robots in order
to coordinate location and movement. Currently, each robot is programmed and configured
to navigate via joystick controller, in addition to a USB web camera so that the driver can
see from the robot’s perspective, all while sitting at the desktop workstation. The primary
goal of this research was to lay the groundwork for an autonomous multi-robot system that
will be used to study, develop, and test distributed algorithms, written in python, to receive
and process low level commands and execute high level tasks. This system could be applied
to several real world scenarios that demand the teamwork of multiple robotic units, such as
military surveillance and search teams looking for natural disaster survivors.

T his project was an interdisciplinary endeavor between the Departments of Mathematics and
Engineering. See page 73 in the mathematics section of this book for full abstract.




NATURAL & APPLIED SCIENCES

A Model of Selective
Activation Using Surface
Electrical Stimulation

Joseph Krocker

Mentor:
Dr. Katharine Polasek,

Engineering

This material is based upon
work supported by the
National Science Foundation
under Grant No. 1805447
and Hope College Dean of

Natural and Applied Sciences.

Wireless Sensor Networks
for Long-Term Monitoring

of Urban Noise

Cedric Porter
Taylor Rink

Mentor:
Dr. Courtney Peckens,
Engineering

This research was funded
through the Natural and
Applied Science Division
Dean Start-up Fund.

ENGINEERING

Developing an electrical interface that non-invasively interacts with the peripheral nervous
system may be useful in treating phantom limb pain and other neurological problems.
However, variations in electrode shape, placement, and stimulation pattern can greatly
affect area of activation in the nerve. Therefore, a computer model of surface electrical
stimulation was used to test stimulation parameters and an automated process was developed
to identify parameters that produce selective activation of the median nerve.

A three-dimensional finite element model of the arm was used to predict voltages in the
median nerve due to different stimulation parameters and electrode arrangements. These
voltages were used to predict the firing of axons placed within a 10 fascicular median nerve.

A two by four electrode rectangular array was placed on the skin of the model just above
the elbow. A genetic algorithm was implemented to find electrode relationships that would
yield selective activation of different fascicles. This algorithm scaled the superimposed models
of each of the eight electrodes to randomized values between 20 and 70 volts (anodic and
cathodic). The percent of axons activated in each fascicle (out of 50-125 depending on size)
was used to reject or save the electrode relationship. A relationship was considered promising
if a fascicle had 40% or more axons activated compared to at least 8 of the other fascicles.

Ten promising electrode relationships have been identified, activating three of the ten fascicles
selectively. After several more promising relationships are identified, small changes in the
electrode voltages will be investigated to refine the ability to activate different portions of
the nerve. In the future, these relationships will be tested on human subjects to validate the
modeling predictions.

Noise pollution in urban environments is becoming increasingly common and has the potential
to negatively impact people’s health and decrease overall productivity. In order to alleviate
these effects, it is important to better quantify noise patterns and levels through data collection
and analysis. Wireless sensor networks offer a low-cost and low-power solution for data
collection and aggregation, in general. When applied to acoustic applications, these networks
are capable of autonomously gathering and processing noise pollution levels in urban areas
with a higher level of granularity than traditional handheld devices. In this study, a wireless
sensing unit (WSU) was developed that possesses the same functionality as a handheld sound
level meter. The WSU is comprised of an external peripheral board, a low-power micro-
computer, and a wireless transceiver, making it capable of data acquisition, processing, and
transmission. The data processing capabilities of the unit were compared to a handheld
meter and showed less than a +/- 2dB difference in measurements. A network of four WSUs
was deployed in a seven day pilot test. Each unit in the network transmitted its data directly
to a coordinator repository, a Raspberry Pi single board computer, which can be queried
remotely using 802.11n wireless LAN protocol, thus allowing for long-term data collection and
management. Preliminary results indicate that it is possible to autonomously and continuously
collect noise pollution data and future work will include more focused data analysis.
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We used historic infrared USDA and 3-band IR drone images (2017, 2018) to examine
ecological changes occurring in response to fluctuating lake levels in a secondary interdunal
wetland or slack on Lake Michigan’s eastern shore at Saugatuck Harbor Natural Area.
Secondary slacks in Great Lakes coastal dunes are created where wind scours the sand to the
water table within a dune. The studied slack is >1 ha in size with ridges and pools creating
a diverse vegetation mosaic. Its water table is tied to that of Lake Michigan. The 2010 photo
shows several pools (black) surrounded by bright red colors, indicating vigorously growing or
wetland vegetation. In contrast, dune vegetation is light pink in color. Pools are not noted
in the 2012 photo. Areas previously shown in red are now light red to pink, suggesting a
decrease in plant vigor and a shift to dune/upland vegetation. This shift corresponds to a
significant lake level drop from 2010 which dried the slack. Pools reappear in 2014 as lake
levels rise from below average to average. The slack vegetation exhibits green, tan and pink
to medium red colors, suggesting a mixture of plant vigor, density, and dune/upland and
wetland vegetation in response to changing conditions. The 2016, 2017 photos show larger
pool areas and dull-bright red colors dominating the slack, suggesting more vigorous or
wetland plant growth in response to rising water levels. The pools greatly expand in 2018
while slack vegetation shows dull red, indicating vigorous or wetland plants. Vegetation quadrat
sampling in 2016—2018 confirmed dominant wetland vegetation throughout the slack with
different species creating the red color variations. Hence, these methods provide the means

to evaluate past and to monitor current ecological changes due to fluctuating water levels.
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As part of an ongoing global survey, our research group is investigating untreated drinking
water sources for the presence of metal contamination. More than 120 sites have been
sampled in over 20 countries for the presence of As, Ba, Cd, Cr, Cu, Mn, Ni, Pb, Sh, Se,
and Zn. Field sampling was performed by trained NGO staff who used metal chelating
polyurethane foam blocks to sequester metals from source water samples. Sample foams
were returned to Hope College and were processed through an acid-wash procedure to
recover trapped metals. Rinsates were analyzed by ICP-OES techniques. Preliminary
analytical results from 45 sites show 47% of the drinking water sources contain metals
above background controls. Metals detected were Ba, Cu, Cx; Mg, Mn, and Zn. Zn was the
most commonly occurring and Cr the second-most occurring metal. Preliminary synthesis
indicates drinking water sources elevated in Cr and Zn are located in predominantly
volcanic terranes. Same-site data collected from hollow-membrane filters indicate that
suspended particulate load concentrations are generally < 2 ppm at the sites with elevated
Zn and Cr. Suspended load particulate matter was recovered from samples from some
of the sites analyzed for dissolved metals. Semi-quantitative SEM-EDS analysis of these
particulates shows some potential correlation between the presence of a Cr-bearing
mineral phase and elevated dissolved Cr concentrations. As more foams from field drinking
water sources around the world are returned for metal analysis, potential correlations to
site land use, soil substrate, bedrock, and population density will be examined. So far, this
project is a reconnaissance survey with small sampling density at any one site. Future work
will focus on in-depth sampling of drinking water sources in targeted areas of high metal
concentrations, revealed by this study.
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Two end-member processes can contribute to partial melting in orogenic belts. Water-
fluxed melting occurs when water enters a rock, lowering the solidus. Water-undersaturated
(dehydration) melting is a peritectic reaction in which a hydrous mineral assemblage forms
a melt and anhydrous solid phases. We evaluated the relative contributions of these two
processes in the partially melted amphibolites in the Eastern Segment of the Sveconorwegian
Orogen in Southwestern Sweden. We examined amphibolites along a 90 km transect.
Concentrations of T1in biotite and 11, Na, and K in hornblende tend to increase westward,
indicating an increase in metamorphic grade. Leucosome is dominated by plagioclase and
quartz with grain sizes up to 10 times that of the amphibolite host. Analysis of outcrops
surfaces indicate that proportions of leucosome vary from 0 to 25 percent by area. More
variation in the proportion of leucosome occurs in the east than the west. Plagioclase is
slightly more sodic (2 to 5 mole percent) in leucosome compared to amphibolite host in a
third of the samples investigated and nearly identical in the remainder. Occasional biotite
and hornblende megacrysts are associated with leucosome in the eastern portion of the
transect. Orthopyroxene and garnet megacrysts appear 75 km from the eastern end of the
traverse and clinopyroxene appears at the western end. Existing experimental data and
thermodynamic models indicate that water-undersaturated melting of amphibolites should
produce pyroxenes at lower pressure but pyroxene and garnet at higher pressure. The lack
of pyroxene in the eastern portion of the traverse and the variation in leucosom