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College of Science – Fall Undergraduate Research Fair 2014 
 
Welcome!  
 
The purpose of this event is to provide science students with an opportunity to get many of their 
questions answered about undergraduate research.  Not only about how to get more involved in 
research, but also how to get more out of the research experience itself.   
 
Throughout and beyond the College of Science there are many different ways in which students 
can get involved in research.  Often it’s just a question of looking in the right places and being 
persistent in the hunt for the right opportunity.  However, getting the right opportunity is also 
about getting as much information as possible from a diversity of sources.  This could be as 
simple as a fellow student but there are also many organizations, institutes, and centers on 
campus that are also more than willing to help a student find and support their research 
endeavors.  Furthermore, there are many ways for students to get even more out of their research 
experience, through publishing and presenting their research to their peers. 
 
Through a combination of listening to speakers, poster presenters, and representatives from 
various institutions, students should be able to get some ideas about how best to get started 
looking for research opportunities.  Also, students should be able to see how they can add value 
to their research experience by participating in other related activities.  The sooner a student 
begins the search, the sooner they will be able to start participating in undergraduate research and 
getting the most from that experience! 
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Information Tables - Jordan Galleria 
Career Center (careercenter.nd.edu) 

The Career Center provides undergraduate students with career counseling and career 
development services, self-assessments, workshops, presentations for academic departments, 
career fairs, and mock interviews, in addition to other services. 
We encourage students to take ownership of their career direction, and be willing to devote the 
time and energy necessary to conduct a successful search for jobs, internships, fellowships, 
and/or the identification of graduate school programs. Students have the opportunity to utilize 
our online databases, including Go IRISH, to pursue postgraduate opportunities, sign up for 
interviews, and conduct career-related research. 

Contact: Victoria Trauger (vtrauger@nd.edu) and Robyn Centilli (Robyn.O.Centilli.1@nd.edu) 
 

Center for Nano Science and Technology (nano.nd.edu) 
NDnano is a world-class, collaborative research center that includes faculty from seven 
departments across the colleges of Engineering and Science. The Center is focused on 
developing, characterizing, and applying new nanotechnology-based materials, processes, 
devices, and solutions that will better society. Each year, NDnano awards several paid 
fellowships to undergrad students who spend 10 weeks of their summer engaged in a research 
project, mentored by an NDnano faculty member in science or engineering. Summer 2015 will 
mark the NURF program's seventh year. To date, more than 150 students from Notre Dame and 
several other universities have participated in the program, gaining valuable research skills and 
experience. The 2015 application process will open the first day of classes in January. 
Contact: Heidi Deethardt (deethardt.1@nd.edu) 

 
Center for Research Computing (crc.nd.edu) 

The Notre Dame’s Center for Research Computing (CRC, crc.nd.edu), a joint effort of Notre 
Dame’s Offices of Vice President of Research (OVPR) and  Information Technologies (OIT)  
and Notre Dame Colleges, supports the research agenda of the University through high 
availability of managed computing assets and research and engineering staff with expertise in the 
application of these resources to multi-disciplinary research interests. CRC is a unique, 
interdisciplinary environment, where strong groups of computational and computer scientists and 
research programmers work side by side with scientists, engineers, mathematicians and scholars 
in the arts, humanities, and business and economics to create new information technology 
approaches to research.  The CRC, with forty staff and faculty members, is today a major 
research and research support enterprise that is anxious to work with undergraduate students.  

Contact: Kallie O'Connell (Kallie.A.O'Connell.69@nd.edu), Coordinator. 
 

Center for Sustainable Energy at Notre Dame (ND Energy, energy.nd.edu) 
The Center for Sustainable Energy at Notre Dame (ND Energy) is a University Research Center 
whose mission is to foster and grow energy related research towards sustainable and affordable 
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energy solutions, support energy related education and outreach throughout the Notre Dame and 
surrounding communities, and influence the national and global discussions of the most pressing 
energy policy issues and questions of our time. ND Energy is built upon the foundations laid by 
the Notre Dame Energy Center (a College of Engineering research center, initiated in 2005) and 
the Sustainable Energy Initiative (a Strategic Research Investment, funded by the University in 
2010). A high priority for ND Energy is to engage undergraduate students in research and 
education through the administration of the Vincent P. Slatt Fellowships for Undergraduate 
Research in Energy Systems and Processes and the Energy Studies Minor. Both programs are 
designed to prepare undergraduate students to become successful researchers and leaders who 
can create better energy systems and devices and understand the complexities of society’s energy 
challenges. 
Contact: Barbara Villarosa (bvillaro@nd.edu), Administrative Services Program Manager, or 
Elizabeth Westfall (ewestfal@nd.edu), Education and Outreach Coordinator. 
 

Center for Undergraduate Scholarly Engagement (CUSE, cuse.nd.edu)  
CUSE has a mission to promote the intellectual engagement of Notre Dame students through (1) 
creating opportunities for undergraduate research, scholarship, and creative endeavors in all 
colleges by connecting students to resources such as faculty mentors, projects, funding, and 
venues for presenting and publishing their work undergraduate research and (2) encouraging and 
facilitating applications for national fellowships like the Rhodes Scholarship, the National 
Science Foundation Graduate Research Fellowship, the Truman Scholarship, and the Goldwater 
Scholarship. 

Contacts: Darlene Hampton (urnd@nd.edu), Assistant Director of Undergraduate Research, and 
Jeffrey Thibert (fellows@nd.edu), Assistant Director of National Fellowships. 

 
Dinners for Increased Scholarly Communication (DISC) 

DISC is a student-run program with the mission of increasing intellectual engagement in the 
College of Science by fostering student-faculty interactions. Funded by the College of Science, 
the group organizes Sunday night dinners at the homes of science faculty members. Typically, 
eight students are invited to attend and take part in more relaxed conversation than what may 
occur in the classroom. DISC hopes to increase the ease with which students approach their 
professors regarding classroom material, career paths, or research opportunities.  

Contact: Jeff Hansen (jhansen5@nd.edu) or Mark Brahier (mbrahier@nd.edu). 
 

First Year of Studies (fys.nd.edu) 
First Year of Studies (FYS) supports and promotes research in two ways. First, through Research 
Ignition Fellowships, for which FYS can award up to $1000  to current first year students to 
conduct research or present at a conference during their first year or summer between freshman 
and sophomore years. Second, through a one-credit class (FYS 10406 Introduction to the 
Research Process) which is offered during the spring semester as a way to help current first year 
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students understand how the research process works to better prepare them for possible research 
opportunities during their time at Notre Dame. 

Contact: Sean Wernert (Sean.P.Wernert.1@nd.edu), Director of ND Ignite. 
 

Harper Cancer Research Institute (harpercancer.nd.edu) 
Investigators in the Harper Cancer Research Institute (HCRI) are dedicated to conducting 
innovative and integrative basic and clinical research that confronts the complex challenges of 
cancer.  Our programmatic structure fosters multi-disciplinary cancer research by promoting 
interactions among research groups with distinct expertise and by training young scientists to 
work across scientific fields. Clinical partnerships provide key translational insight and 
strengthen the mission of discovery.  HCRI is facilitating collaborations between faculty in the 
College of Science, College of Engineering, College of Arts and Letters, and the Indiana 
University School of Medicine - South Bend.  Some of the research projects currently taking 
place on campus involve using nanotechnology to better target chemotherapeutics, searching for 
new cancer markers and targets, and developing less expensive and more accurate diagnostics. 
Contact: Angela Cavalieri (cavalieri.2@nd.ed), External Relations and Special Events Program 
Coordinator. 
 

Hesburgh Library (library.nd.edu) 
The Hesburgh Libraries system is a diverse system comprised of the main Hesburgh Library and 
eight branch libraries, including the O'Meara Mathematics Library in Hayes-Healy, the 
Engineering Library in Fitzpatrick, the Chemistry-Physics Library in Nieuwland, the Mahaffey 
Business Library in Mendoza, and the Architecture Library in Bond Hall. And, new in 2013, the 
Center for Digital Scholarship (CDS) is located in the Hesburgh Library on the 1st floor. CDS 
leverages digital library expertise and state-of-the-art technologies, enabling students and faculty 
to transform the pursuit of knowledge here at Notre Dame. (library.nd.edu/cds)  
In an effort to further its core mission of “connecting people to knowledge,” the Libraries offer a 
vast array of expertise, services, resources and spaces to ensure the academic success of the 
undergraduate student community.  Whether through the expertise of subject librarians and 
specialty services or the access to various sources of knowledge, we continuously evolve to meet 
the ever-changing needs of students in the 21st century. 
The Libraries provide critical support for your research, including access to thousands of online 
databases, journals, DVDs, books, maps and more.  Librarians are prepared to assist you with 
your research by providing individual research consultations, or through a variety of library 
workshops and in-class instructional sessions.   
 
Learn more: 
Hesburgh Libraries: library.nd.edu 
Center for Digital Scholarship: library.nd.edu/cds 
Contact your subject librarian: library.nd.edu/subjects 
Ask-A-Librarian Service: asklib.nd.edu 
Register for a workshops: library.nd.edu/instruction/workshops.shtml 
Undergraduate Research Award: library.nd.edu/ulra  
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Indiana University School of Medicine – South Bend (medicine.iu.edu/southbend) 
Indiana University School of Medicine South Bend (IUSM SB) is a regional campus of the 
Indiana University School of Medicine. This four-year regional campus, located on the corner of 
Angela Blvd. and Notre Dame Avenue across from the main entrance to the Notre Dame (ND) 
campus, offers research opportunities for undergraduates in the basic sciences, Biology, 
Chemistry, and Biochemistry with an emphasis on medically related research projects in cancer, 
infectious disease, and neurosciences. The research programs are led by IUSM SB faculty 
members who have adjunct ND faculty positions and consist of ND undergraduates, ND 
graduate students, and IUSM SB post-doctoral fellows and technical staff. Information on 
research opportunities and the various laboratories can be found at medicine.iu.edu/southbend/. 

Contact: Richard Dahl (richdahl@iupui.edu), Assistant Professor. 
 

Innovation Park at Notre Dame (www.innovationparknd.com) 
The mission of Innovation Park at Notre Dame is to cultivate marketable innovations in an 
inspiring environment, with access to Notre Dame’s cutting-edge research, world-class students 
and faculty, and the global network of ND alumni and friends. Innovation Park provides not only 
Class A space and amenities for its client-tenant companies on a 24/7 basis, but also business 
development consultation services. These services frequently involve reaching out to the ND 
alumni base for expert advice on client issues. As client companies are typically very early stage 
ventures, this affords every member of the team, including student-interns, to take an active role 
in the commercial development of the business. Since opening in late 2009 over 180 ND students 
have interned with client companies, and several have received formal job offers following 
graduation. In all cases the experience of being part of a new business commercialization team 
provides the student-intern with first-hand knowledge and skills that will benefit the student's 
eventual career choice, either in a new or existing business. For more information on the Park 
and its clients, check out www.innovationparknd.com 

Contact: David Brenner (dbrenner@innovationparknd.com, Executive Director, or Natalie Gunn-
Stahl (nstahl@innovationparknd.com), Facility Manager. 

 
Institute for Scholarship in the Liberal Arts (ISLA, isla.nd.edu) 

The Undergraduate Research Opportunity Program (UROP) provides grants to students who 
wish to pursue independent research or creative projects. The UROP program, which is open to 
any student pursuing a major or a minor in the College of Arts and Letters, offers four major 
types of grant: the Conference Presentation Grant; the Research and Materials Grant; the Senior 
Thesis Grant; and the Summer Grant. Students who wish to apply must submit a proposal, 
budget and a letter of recommendation to urapply.nd.edu.  

Together with the College of Science, UROP also offers Science, Arts and Letters, and 
Engineering students Summer Grants for those students who wish to engage in research or 
creative projects that cross the traditional boundaries between the sciences and the liberal arts. 
These grants are open to College of Science/Arts and Letters double majors as well as those 
students who have a minor in the College of Arts and Letters.   
Contact: Dr. Karla Cruise (kcruise@nd.edu),	  Assistant Director.  
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Kellogg Institute 
The Kellogg Institute is an international research institute that focuses on democracy and human 
development. To engage undergraduate students in its mission, the Institute offers a variety of 
programs including funded internships, research grants, and fellowships. Information regarding 
all of these programs can be found at http://kellogg.nd.edu/students/index2.shtml 
Contact: Holly Rivers (Holly.Rivers.7@nd.edu), Assistant Director. 

 
MD Anderson Cancer Center (www.mdanderson.org) 

MD Anderson Cancer Center is both degree-granting academic institution, as part of the 
University of Texas System, and a cancer treatment and research center located at the Texas 
Medical Center in Houston, Texas. One of the original three comprehensive cancer centers in the 
United States established by the National Cancer Act, MD Anderson Cancer Center is one of the 
few hospitals in the United States affiliated with two major research based medical schools: The 
University of Texas Medical School at Houston, which is a part of the larger University of Texas 
Health Science Center at Houston, and Baylor College of Medicine. MD Anderson is widely 
regarded as among the best cancer hospitals in the United States. Today it is one of 68 
Comprehensive Cancer Centers designated by the National Cancer Institute. The cancer center 
provided care for more than 100,000 patients a year, and employs more than 19,000 indviduals. 

Contact: Dennis Hughes (DPHughes@mdanderson.org), Associate Professor. 
 

Museum of Biodiversity (science.nd.edu/jordan/about/museum-of-biodiversity.shtml) 
The Museum of Biodiversity, located near the northern end of Jordan Hall, showcases the 
Department of Biological Sciences’ extensive collection of fossils, amphibians, fishes, birds, 
mammals, and insects that have been collected over the last 150 years. As part of the museum, 
the herbarium preserves the scientifically important collection of dried and pressed plants of the 
Greene-Nieuwland Herbarium. There are many opportunities for undergraduate research projects 
including identification and organization of specimens contained in museum collections, 
development of databases of plants and animals and their distributions, identification of rare, 
endangered, or invasive species, and development of thematic displays. Projects can be 
supported by the Robert E. Gordon Museum of Biodiversity Undergraduate Research Support 
Fund. 
Contacts: Barbara Hellenthal (bhellent@nd.edu), Curator, and Ron Hellenthal 
(Ronald.A.Hellenthal.1@nd.edu), Director and Emeritus Professor.  
 

Nanovic Institute for European Studies (nanovic.nd.edu) 
The Nanovic Institute for European Studies is committed to enriching the intellectual culture of 
Notre Dame by creating an integrated, interdisciplinary home for students and faculty to explore 
the evolving ideas, cultures, beliefs, and institutions that shape Europe today.  We help students 
from the College of Science plan and conduct focused, original scientific research in Europe.  
We support your high-quality European internships in laboratories and other scientific settings 
and make it possible for you to immerse yourself in local languages, to live among Europeans, 
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and to see the world from a different perspective.  Our students return to Notre Dame 
transformed with a new sense of confidence, awareness, and maturity that helps them to succeed. 
For more information on the Nanovic Institute and our undergraduate grant programs, please go 
to nanovic.nd.edu/grants-and-fellowships/undergraduate-students, or contact Jen Fulton. 

Contacts: Jennifer Fulton (jfulton@nd.edu), Student Coordinator. 
 

NDiscovery 
This is an innovative web-based platform connecting students with College of Science research 
mentors. The purpose of the site is to connect passionate students with research faculty who have 
availabilities in their lab. The NDiscovery team is currently interviewing faculty, and collecting 
information about faculty members’ projects to share that information on a website where 
undergraduate students can discover all of the research being done within the College of Science. 
The site is designed to streamline the student-faculty matchmaking process by way of translating 
the technical jargon of publications to something more comprehensible for all to understand. If 
you are interested in joining this endeavor to launch the site by Spring 2015, or have any 
questions regarding the project, please stop by the booth tonight! 

Contact: Christopher Cali (ccali@nd.edu), ND Class of 2014, ESTEEM Class of 2015. 
 

Scientia (scientia.nd.edu) 
Scientia, ND's own student-run Undergraduate Journal of Scientific Research, is looking for 
student reviewers and news writers for this year's publication. Reviewers should have some 
research experience and be interested in reading, critiquing, and commenting on student 
research. News writers can be from any discipline and must simply want to write about some of 
the cool things happening in the College of Science. 

Contacts: Katrina Magno (kmagno@nd.edu) and Orrin Belden (obelden@nd.edu), Chief Editors 
 

The Minor in Sustainability 
The minor in sustainability is open to Notre Dame students in all majors and colleges. Through a 
multidisciplinary approach, the minor prepares students to serve as leaders in their communities - 
local, national, and international - by making constructive and substantive contributions to the 
development of more sustainable practices for the benefit of their own personal and professional 
lives, the lives of others, and the lives of future generations. The minor also supports 
undergraduates, graduate students, and faculty who are interested in conducting research in 
sustainability by connecting them with relevant community partners, government agencies, and 
national and international research programs. 
Contact: Rachel Novick (rnovick@nd.edu), Director. 

 
University of Notre Dame Environmental Research Center (UNDERC, nd.edu/~underc/) 

UNDERC offers two 9½ week, 3 credit summer programs: East in the Upper Peninsula of 
Michigan and West in western Montana.  Each has a set of modules (East: insect, forest, aquatic, 
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and vertebrate ecology; West: environmental history tour, grassland/wildlife, montane, and 
Native American ecology), but the focus is an independent research project for each student 
mentored by a faculty member or Ph.D. candidate.  Admission to East is open to sophomores and 
above, and West requires attending East.  Apply by early November on the UNDERC webpage 
and decisions are announced in early December to enroll in the preparatory course (1 credit, 
Spring semester). 

Contact: Michael Cramer (mcramer@nd.edu), Assistant Director-East, Angela Laws 
(alaws@nd.edu), Assistant Director-West, and Gary Belovsky (belovsky.1@nd.edu), Director. 
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Evaluation of CCR2 Ligand Expression in Colorectal Cancer 
 

Michael Ahlers 
Major: Chemistry 

Advisor: Ryan Fields, Division of General Surgery Section of Hepatobiliary, Pancreatic and 
Gastrointestinal Surgery, Washington University School of Medicine in St. Louis 

Coauthors: J. G. Grossman1, T. Nywening1, B. A. Belt1, E. Pittman1, A. Giorgi1, S. M. 
Strasberg1,2, W. Hawkins1,2, S. P. Goedegebuure1,2, D. C. Linehan1,2, R. C. Fields1,2  1Washington 

University, Department of General Surgery;  2Alvin J. Siteman Cancer Center 
 

Colorectal cancer (CRC) is the most common gastrointestinal malignancy. Sixty percent of CRC 
patients are diagnosed with metastatic disease, and the 5-year survival of patients with metastatic 
CRC is <20%. Tumor–associated macrophages (TAMs), derived from inflammatory monocytes 
mobilized from the bone marrow, regulate solid tumor development and correlate to poor 
outcome in cancer of the breast, bladder, and pancreas.  This myeloid population is recruited to 
the tumor microenvironment by chemotaxis via the CCL2/CCR2 axis. Here, we have 
investigated the role of myeloid cells in CRC metastasis and their influence on 
survival. Furthermore, studying the ligands that bind to CCR2 will further the understanding of 
the role of this receptor in CRC tumor growth and provide anti-tumor immunity targets. We 
explored the expression of CCR2 receptor binding ligands (CCL2, CCL7, CCL8, CCL11, 
CCL13, CCL24, and CCL26) in human CRC primary tissue and liver metastasis, along with 
uninvolved colon and liver. To evaluate the relative RNA expression of these ligands, qPCR was 
performed. Both primary CRC and liver metastasis had increased expression of CCL2 compared 
to uninvolved tissue, and expression was greatest in metastases. Subsequently, ELISA was 
performed to quantify CCL2 protein concentration.  
 
What inspired you to participate in undergraduate research? 
“I am fascinated by organic chemistry (Taylor Laboratory) and oncology. It is important that 
research be done to further both of these fields, for so many reasons.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I was funded by the Leah Menshouse Springer Summer Opportunities Program through 
Siteman Cancer Center. Advanced biology courses and being involved in prior research (Taylor 
Lab) prepared me for this experience.”  
 
Where was your research experience located? 
“Siteman Cancer Center and Washington University School of Medicine in St. Louis.” 
 
What did you get out of your research experience? 
“I got an eye-opening experience in so many ways. I was exposed to a new university and a high 
volume academic medical center for the first time extensively. I learned a tremendous amount 
about research in cancer biology. I learned how to work with mice in my research, including 
orthotopic and heterotopic surgical implantation of tumor cells. I also learned how to perform 
qPCR and ELISA on patient-derived tissue from our mouse models. In addition to performing 
cancer/translational research, I developed professional connections with my coworkers, advisor, 
and other scholars in my research program.” 
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The APC tumor suppressor regulates chemotherapeutic responsiveness of breast cancer 
 

Claire Bedalov 
Major: Science-Business 

Advisor: Jenifer Prosperi, Dept. of Biological Sciences, University of Notre Dame, Harper 
Cancer Research Institute, and Indiana University School of Medicine – South Bend 

Coauthors: Monica VanKlompenberg, Harper Cancer Research Institute and Indiana University 
School of Medicine – South Bend; Katia Fernandez Soto, Department of Biological Sciences, 

University of Notre Dame, Harper Cancer Research Institute 
 

Breast cancer is the leading cause of cancer-related death in non-smoking women, and the most 
commonly diagnosed cancer in women.  The Adenomatous Polyposis Coli (APC) tumor 
suppressor gene is mutated or silenced by hypermethylation in up to 70% of sporadic breast 
cancers depending on subtype.  APC is a large, multifunctional scaffolding protein commonly 
recognized as a regulator of the Wnt/β-catenin pathway. However, there are multiple, less-
investigated functions of APC, including regulation of proliferation, epithelial polarity, 
cytoskeletal organization, and DNA repair.  Our laboratory is particularly interested in 
investigating how APC loss-of-function in breast cancer affects chemoresistance, as well as the 
complex Wnt-independent signaling downstream of APC loss in the breast. We previously 
demonstrated that Apc mutation accelerates the mouse mammary tumor virus-Polyoma middle T 
antigen (MMTV-PyMT) transgenic model of breast tumorigenesis independently of Wnt/β-
catenin signaling. Interestingly, focal adhesion kinase (FAK)/Src/JNK signaling was up-
regulated and required for the enhanced proliferation and squamous phenotype mediated by APC 
mutation. Apc-mutant mammary tumor cell lines demonstrated enhanced expression of 
Cyclooxygenase-2 (COX-2) and production of prostaglandin E2, known to be important in triple-
negative and inflammatory breast cancers, two aggressive breast cancer subtypes. Additionally, 
we have shown that Apc-mutant cell lines exhibit significantly less apoptosis when treated with 
chemotherapeutic agents Cisplatin and Doxorubicin as compared to wild-type cells. Given our 
previous studies showing that inhibition of Src or JNK decreased proliferation in Apc-mutant 
cells, we sought to investigate the combined effect of conventional and targeted therapies.  PP2 
(Src inhibitor) or SP600125 (JNK inhibitor) alone did not induce apoptosis in mutant or wild-
type cells, but either compound was able to increase Cisplatin-induced apoptosis specifically in 
the Apc-mutant cells.  In addition, the level of apoptosis was equal in the Apc-mutant and wild-
type cells upon treatment with Cisplatin and either PP2 or SP600125 This suggests that Src/JNK 
signaling may be important in regulating chemotherapeutic resistance resulting from APC 
mutation. 
 

What inspired you to participate in undergraduate research? 
I got involved undergraduate research because I was interested in seeing how everything I learn 
in class is applied in the real world. Specifically, I chose cancer research because I have seen so 
many family members and friends affected by it, and wanted to learn about what is being done to 
fight the disease and get involved personally.  
 

How did you get your research position, and what preparation did you undertake for it? 
I emailed Dr. Prosperi in the spring of my sophomore year and was lucky to interview with her 
and start in the lab that summer. To prepare, I read about basic cancer biology and familiarized 
myself with Dr. Prosperi’s past papers and what her lab specifically works on.  
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Where was your research experience located? 
My research experience was located at Harper Cancer Research Institute. 
 
What did you get out of your research experience? 
After working in the lab, I’ve learned about the molecular mechanisms of cancer, how to 
perform different lab techniques, and how to work with a team towards accomplishing a goal. 
I’ve also learned how important research is in drug development and finding new ways to treat 
cancer patients. 
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The Effect of HDAC Inhibitors on Notch Signaling and Apoptosis in Osteosarcoma Cells 
 

Carson Bogatto 
Major: Science-Business 

Advisor: Dennis Hughes, Department of Pediatrics Research, Children’s Cancer Hospital, 
University of Texas MD Anderson Cancer Center 

Coauthors: Madonna McManus, Yanwen Yang, Rocío Rivera-Valentin, Dennis Hughes 
 

Osteosarcoma is an aggressive, highly metastatic cancer that derives from primitive bone-
forming mesenchymal cells. It is the most common primary bone cancer, and is the third most 
common cancer in children. Notch signaling has been shown to be associated with aggressive 
metastatic behavior in murine osteosarcoma cells. Histone deacetylase inhibitors can be used to 
activate Notch signaling. Accordingly three different osteosarcoma cell lines were treated with 
different concentrations of MS-275, a HDAC inhibitor, to determine if MS-275 induced 
apoptosis through the Notch pathway. The 10 µM MS-275 led to killing in all cell lines, while 
the 1 µM MS-275 led to a decreased cell count compared to that of the parent for all cell lines. 
There was also an increase in the percentage of cells in the SubG1 phase of the cell cycle with 
increased MS-275 treatments. Cells containing dnMAM were treated with MS-275, and it was 
expected that there would be a rescue effect on the cells due to action through the Notch 
mechanism; however dnMAM did not impede MS-275 from decreasing proliferation in two of 
the cell lines. The data suggests that MS-275 increases apoptosis in osteosarcoma cells; however 
it appears that MS-275 is working independent of the Notch pathway or is acting on Notch 
targets independent of the CSL complex. Further studies are necessary to elucidate the 
mechanism through which MS-275 is acting.  

 
What inspired you to participate in undergraduate research? 
I am very interested in cancer research and love hearing about promising new cancer treatments, 
so the CPRIT/CURE summer program at MD Anderson sounded like a great opportunity to learn 
more about what progress is currently being made with cancer research.  
 
How did you get your research position, and what preparation did you undertake for it? 
I knew I wanted to do research in the summer, so I applied to the CPRIT/CURE summer 
program at MD Anderson when I heard about it. To prepare for my summer experience, I did a 
lot of reading about the Notch pathway and HDAC inhibitors.  
 
Where was your research experience located? 
MD Anderson Cancer Center in Houston, Texas 
 
What did you get out of your research experience? 
I had not participated in research before the summer, so I gained a good background in various 
lab techniques as well as improving my problem solving abilities. 
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Visualizing Nuclear Physics 
 

Sean Brudney and Benjamin Guerin 
Major: Physics 

Advisor: Philippe Collon, Dept. of Physics, University of Notre Dame 
 

A critical aspect of research is communicating to others what your results mean. Computer 
programs that make diagrams are essential to accurately displaying scientific findings. 
Unfortunately, not everyone can read a 2D spectrum or an experimental diagram. If it were not 
for the amazing videos developed by CERN explaining the LHC, it is unlikely the world would 
have been transfixed with the search for the Higgs-Boson. This is why visualizing research in a 
creative yet scientifically accurate way is important to explain discoveries. As animators for the 
Nuclear Science Lab, it is our job to depict science in a visually appealing and exciting way to 
engage audiences. One of the most useful products so far is a 3D rendering of the entire nuclear 
physics lab that provides a wonderful schematic markup for logistical purposes and is a medium 
through which an experiment that uses an accelerator can be explained, visualized, and even 
partially simulated such as PIXE, which uses X-rays to identify specific isotopes in a sample. 
We’ve also made basic nuclear reactions that take place in stars and that produce energy and 
heavier elements that are the basis of life on Earth. These simulations can be especially useful as 
reference for learning or clarifying ideas in experiments. 
 
What inspired you to participate in undergraduate research? 
“I've always thought the way the universe works on the small scale is really cool. My interest in 
physics was first sparked by learning about how atomic bombs work. When I saw so many 
professors involved in nuclear research, I immediately pursued a research position.” -Ben 
 
How did you get your research position, and what preparation did you undertake for it? 
“I looked at the research different professors were doing online. Then I chose one whose 
research interested me and emailed him to set up a meeting. After he took me on, I had to learn 
how to use the animation program 3DS Max. He also gave me a book to read about nuclear 
physics that I used to get more comfortable with this area of physics I was new to.” -Ben 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“I created connections with my professors and classmates both in my class and others that I 
would not have otherwise made. The experience I gained also verified for me that physics is 
what I want to pursue as a career. Research also has revealed to me many fields in which I could 
possibly work in one day.” -Sean 
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Olfactory Modulation of the Auditory Cortex through the Medial Amygdala 
 

Michael Dinh 
Major: Biological Sciences 

Advisor: Stephen Shea, Cold Spring Harbor Laboratory 
Coauthors: Billy Lau 

 
Mice communicate with each other in the ultrasonic sound range in a language that guides 
behavioral choices. One instance of this is mother mice helping pups who call out with an 
ultrasonic vocalization. Pups often become separated from their nest due to their poor vision and 
limited mobility. When this happens, they call to their mother and cause her to move towards the 
noise. Female mice who are virgins do not perform this behavior as often as mothers do, so there 
is clearly neural plasticity involved that alters selectivity for behavioral responses to pup calls. 
Not all sounds elicit behavior, so there is a malleable neural boundary that distinguishes pup calls 
from other noises. Sensory integration of sound (audition) and smell (olfaction) regulates this 
neural selectivity. Olfactory information, which is primarily processed in the main and accessory 
olfactory bulbs, affects neural coding of auditory information, which is processed mainly in the 
primary auditory cortex (A1). While there is evidence that pup odors modulate, or change the 
firing rate, of neural responses to pup calls, the mechanism is unknown as there is no direct 
pathway between the olfactory bulbs and A1. However, an indirect connection may exist through 
the medial amygdala (MEA), which receives olfactory information from the olfactory bulb and 
vomeronasal organ. This project identifies a novel mechanism for olfactory modulation of the 
auditory cortex through the medial amygdala. Retrograde tracing was used to identify inputs 
from the MEA onto A1. Then, optogenetic manipulation of these inputs revealed that some cells 
in A1 are modulated by MEA inputs. 
 
What inspired you to participate in undergraduate research? 
I wanted to apply all the interesting things that I was learning in my classes to a real-world 
application. Working on this project was an amazing opportunity, as it may someday lead to 
novel treatments for Rett Syndrome and other Autism Spectrum Disorders. 
 
How did you get your research position, and what preparation did you undertake for it? 
I am a member of the Sheets Lab at Notre Dame, and my research experience allowed me to 
apply for summer research opportunities. To prepare, I read some of the papers that the Shea Lab 
at Cold Spring Harbor published and did background research on my project. 
 
Where was your research experience located? 
Cold Spring Harbor Laboratory in Cold Spring Harbor, NY. 
 
What did you get out of your research experience? 
The best summer of my life. The opportunity to work on my own project at a world-class 
biological research facility was enlightening. I learned so many new techniques, talked with so 
many accomplished scientists, and made so many new friends in an amazing place. 
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A Novel Ex Vivo Bone Culture Method to Model Bone Metastasis 
 

Shourik Dutta 
Major: Biochemistry 

Advisor: Laurie Littlepage, Dept. of Chemistry and Biochemistry, University of Notre Dame 
Coauthors: Ricardo Romero Moreno 

 
Bone metastases are incurable. Understanding what drives cancer to metastasize to bone and 
what interactions enable this metastasis within the tumor-bone microenvironment are essential 
for developing new treatments for patients with metastasis to bone. The current methods used to 
study bone metastasis, both in vivo and in vitro, are very limited. The in vitro tissue cultures lack 
the 3-D environment of heterogeneous cell types of the bone and marrow. In vivo animal models 
often are limited by the confounding primary tumor burden. Both options generally are not 
applicable to rapid screening aimed at targeting bone metastases. Here, we propose a novel 
methodology in murine model that preserves the microenvironment and heterogeneous culture 
conditions (e.g. bone marrow, osteoblasts, and cancer cells) within the physiological context of 
an intact bone. To validate the functionality of our bone explant culture model we are analyzing 
it in two ways. First, we aim to determine if the bone explant culture, with different cancer cell 
lines, has any possible impact on average bone density. Second, we will assess bone cell survival 
and viability within the tumor-bone microenvironment, after culture (3-4 weeks), through 
staining of bone cross-sections.   
We will use our bone explant culture model to test of different chemical treatments as potential 
drug therapies to combat cancer metastasis to bone. Our model is applicable to the study of 
different cancer types that metastasize to bone, and thus has high transitional value. 
 
What inspired you to participate in undergraduate research? 
“Due to my career interest in pursuing an M.D./Ph. D., I wanted to gain some experience on 
what it was like to work in a lab and contribute to the scientific community. I was driven to study 
cancer, particularly breast cancer, due to its prevalence and its complexity as a disease.” 
 
How did you get your research position, and what preparation did you undertake for it? 
I researched the various biomedical laboratories in the ND campus and thoroughly read up on 
past and current research papers from labs I found interest in. I applied to Dr. Littlepage’s lab 
and after an interview process was offered a research position. I started in January of 2013. Since 
then I spent a semester rotating between different projects and getting some experience of being 
within the lab. Finally, this semester I have started working with Ricardo R. Moreno, a graduate 
student in Cancer Biology, on this specific project.” 
 
Where was your research experience located? 
“University of Notre Dame’s Harper Cancer Research Institute” 
 
What did you get out of your research experience? 
“I have truly learned a lot about the way the scientific community functions in terms of 
addressing new problems and communicating problems. Additionally, I have gained experience 
with an array of different scientific techniques, and how to prove certain points using these 
techniques.”  
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Role of RAD51 in Reversed Fork Processing 
 

Megan Fabry 
Major: Biochemistry 

Advisor: Alessando Vindigni, Dept. of Biochemistry, Saint Louis University 
Coauthors: Saravana Thangavel 

 
DNA replication is the process of copying the genome of a cell during cell replication. However, 
in cancer cells, this process becomes uncontrolled, leading to excess cell proliferation and the 
formation of tumors. Because DNA replication is vital to continue cancerous growth, many 
chemotherapeutics have been designed to target this process. Unfortunately, a newly explored 
cellular mechanism, replication fork reversal, may be affecting the efficiency of these drugs. 
Replication fork reversal, involves reannealing the parental strand and congruent annealing of 
the nascent strands to get a “chicken-foot structure” (See Fig. 1 and 2 for image). This fork 
reversal process has been proposed to allow time for the DNA damage repair machinery to repair 
the damage ahead of the replication fork. Once the blocks are cleared, reversed forks are 
restarted to complete genome duplication. Cellular factors involved in fork reversal and restart 
are beginning to emerge. Previous studies have shown the protein RECQ1 can restart the 
reversed forks and is inhibited by PARP1 (Berti et al., 2013). In addition, reversed forks have 
been shown to restart after the shortening of a reversed arm by the nuclease activity of DNA2 
assisted by WRN as well (Thangavel et al). While the restart process requires RECQ1, DNA2 
and WRN, the fork reversal process requires RAD51 (Zellweger et al). RAD51 is a key 
homologous recombination mediator protein loaded by BRCA2 on DNA double-strand breaks 
(DSBs). Whether BRCA2 is also required for the loading of RAD51 on the reversed forks is not 
known. Using single-molecule DNA replication analysis, we show here that BRCA2 is 
dispensable for RAD51 loading on the reversed arms using BRCA2 deficient EUFA423F cell 
lines. 
 
What inspired me to do undergraduate research? 
I love being in the lab seeking new knowledge that can help save peoples’ lives. 
 
How did you get your research position and what preparation did you undertake for it? 
I received an e-mail about the program and filled out the application online. I heard that I was 
accepted in February, and we had an orientation day in March to meet and choose the professors 
we would be working with over the summer. My previous research experience was helpful as 
well as my courses, but I also learned a lot throughout the summer. 
 
Where was the research located? 
Saint Louis University 
 
What did you get out of your experience? 
I learned a lot over the summer about how research works. I felt like it was a great way to be 
exposed to what graduate school will be like, and I am happy to say it reaffirmed my desire to 
continue pursuing a research career. 
	  

 



	   17	  

Modernizing Plunger Control with Low-Cost Digital Electronics 
 

Patrick Fasano 
Major: Physics 

Advisor: Ani Aprahamian, Dept. of Physics, University of Notre Dame 
Coauthors: Trenton Kuta 

 
 
The plunger technique provides a valuable tool for measuring lifetimes of excited states in the 1-
100 ps range. The plunger consists of a thin foil target and stopper foil separated by some 
controllable distance; beam-induced reactions occur in the target and the resulting nucleus of 
interest leaves the target foil and is completely stopped by the stopper foil. The Doppler-shift in 
γ-ray energy due to the velocity of the de- exciting recoiling nucleus is used to count the fraction 
of transitions which occur during the flight time, thus giving the mean lifetime of the gamma-ray 
depopulating a specific nuclear state directly. This technique, called the Recoil Distance 
Doppler-Shift (RDDS) method, requires precise and stable positioning of the foils over periods 
of hours or longer while correcting for beam-induced deformations to the foils. 
The Notre Dame Nuclear Science Laboratory has a plunger device which is approximately 30 
years old. Our work this summer included the upgrade and full rebuilding of the electronics to 
control the plunger system. In the Notre Dame plunger apparatus, the separation between foils is 
measured via capacitance between the foils and is used to control the position of three servo 
motors. We have made two major upgrades to the plunger device: (1) a newly-applied, precision 
capacitance-measuring circuit based on the phase-shift of a sinusoidal signal, (2) and low-cost 
microcontroller-based feedback loop for precisely controlling servo motors with quadrature 
encoder outputs. Once we have demonstrated that all the mechanical parts of the plunger work as 
desired, we will carry out reactions in the Nuclear Science Laboratory and will measure the 
lifetimes of excited states in several rare earth nuclei. 
 
What inspired you to participate in undergraduate research? 
I wanted to learn how physics happens “in the real world” in addition to my coursework. It also 
gave me the opportunity to learn what graduate school and academia will be like. 
 
How did you get your research position, and what preparation did you undertake for it? 
I joined Prof. Aprahamian’s group in November of freshman year, after sending a few emails to 
different professors in the physics department. To really push my academic-year research 
forward, I submitted a research proposal to the Notre Dame College of Science and received 
funding via the Summer Undergraduate Research Fellowship. 
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
My summer at ND gave me a lot of progress toward my senior thesis, plus a trip to Hawaii for 
the 2014 APS Division of Nuclear Physics conference. I also learned a lot about the environment 
of working in a research setting full-time, and how much I can accomplish in that time! 
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Localization, turnover, and transfection of fluorescently-tagged biodegradable nanoparticles 
encasing human Insulin-like growth factor 1 injected in pregnant Mus musculi to alleviate 

intrauterine growth restriction 
 

Matt Fry 
Major: Science Pre-Professional 

Advisor: Helen Jones, Dept. of Reproductive Sciences and Pediatric Surgery,  
Cincinnati Children’s Hospital Medical Center 

Coauthors: Wes Troja 
 

Intrauterine growth restriction (IUGR) is associated with one of the leading causes of neonatal 
death, low birth weight. IUGR is the arrested growth of a baby while in utero, commonly due to 
repression of placental nutrient and oxygen flow from the mother to the fetus. Results from our 
previous studies in an IUGR surgical mouse model show alleviation of IUGR via intraplacental 
injection of human Insulin-like growth factor 1 (hIGF-1) encased in biodegradable polymer 
nanoparticles. To determine the localization and turnover of the nanoparticle, fluorescently-
conjugated di-block polymer was used for nanoparticle formation with a plasmid containing 
hIGF-1 under the control of the PLAC1 trophoblast-specific promoter and tracked throughout the 
organs of pregnant Mus musculus mice and their fetuses at multiple time points following 
intraplacental or intravenous injection. Intraplacental samples fixed in 10% formalin were 
imaged ex vivo and frozen sections of the maternal organs, pups, and placentas were stained with 
hematoxylin for microscopic analysis. After in vivo imaging, maternal and fetal organs from the 
intravenously treated mothers were snap frozen after 72 hours of nanoparticle exposure for 
transgene expression analysis.  
 

Localization following intravenous treatment showed no significant nanoparticle convergence or 
hIGF-1 expression within the placenta. Maternal organs showed no hIGF-1 RNA expression. It 
is unlikely enough nanoparticle reached the placenta for hIGF-1 expression. Successful hIGF-1 
expression in the treated placenta following intraplacental nanoparticle injection substantiates the 
hIGF-1 nanoparticle as a viable treatment for FGR. Dispersal patterns of the nanoparticle 
following the more general intravenous injection, as well as gene expression in the 
intraplacentally-treated lung and ovary, must be controlled however. Future development of a 
peptide-sequence specific to the placenta for targeted-delivery will ensure that hIGF-1 
expression is concentrated in the placenta, thus reducing any off-target effects in both the mother 
and the fetus. 
 

What inspired you to participate in undergraduate research? 
“I had always wanted to contribute to medicine, especially in such a noble endeavor as pediatric 
research. Having spent countless hours in lectures, I wanted to get my hands dirty and make a 
difference.” 
 

How did you get your research position, and what preparation did you undertake for it? 
“I applied for the University of Cincinnati’s Summer Undergraduate Research Fellowship 
(SURF) program. They had a standard application process, and after a great deal of luck, I was 
working full-time under my mentor at Cincinnati Children’s Hospital.” 
 

Where was your research experience located? 
“Cincinnati Children’s Hospital”  
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What did you get out of your research experience? 
“An exciting and productive summer at one of the premier children’s hospitals in the nation with 
amazing colleagues and now friends. I also developed a greater understanding for the research 
process itself and for the nature of the profession, both of which will prove to be extremely 
beneficial to my future studies.” 
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Quantitative Interpretation of Redundant JHH, JCH and JCC in Aldopentofuranosyl Rings:  
Conformational Populations from MA’AT Analysis  

 

Matthew Hadad 
Major: Biological Sciences 

Advisor: Anthony Serianni, Dept. of Chemistry and Biochemistry, University of Notre Dame 
Coauthors: Luke Sernau, Wenhui Zhang, Ian Carmichael, Anthony Serianni 

 

The inherent conformational flexibility of aldofuranosyl rings confers important 
functional properties to the nucleic acids that contain them.  Previous experimental studies, 
particularly those involving x-ray crystallography, have suggested that these rings assume a 
north/south (N/S; C3’-endo/C2’-endo) two-state conformational equilibrium in solution.  NMR 
1H-1H spin-couplings (J-couplings) and nuclear Overhauser effects (NOEs), and to a lesser 
degree, residual dipolar couplings (RDCs), have been used to support these conclusions. 
However, the NMR J-couplings, JCH, JHH, and JCC, show strong sensitivities to ring conformation 

and represent a largely untapped source of information to assign/test 
aldofuranosyl ring conformational assignments in solution, particularly 
when more complex equilibria are possible.  To test this application, 
the ten envelope (non-planar) and planar forms of methyl 2-deoxy-β-
D-erythro-ribofuranoside (A) and methyl β-D-ribofuranoside (B) were 
geometrically optimized using density functional theory (DFT) at the 
B3LYP/6-31G(d) level of theory under solvated conditions, and all 
available JCH and JCC values in these rings were calculated using a 
DFT basis set specifically designed for accurate (±5%) J-coupling 

calculations.  J-Couplings that exhibited strong dependencies on ring conformation were chosen 
for further study using a new software program, MA’AT.  As shown recently by the Serianni 
group in conformational analyses of O-glycosidic linkages in oligosaccharides, the ensemble of 
redundant J-values in aldofuranosyl rings could be treated quantitatively using MA’AT to yield 
conformational equilibria for these structures.  These equilibria, which are exclusively based on 
experimental data, were compared to conformational equilibria based on solvated molecular 
dynamics (MD) simulations in efforts to validate the conformational predictions made from the 
latter.  Similar studies of other biologically important aldofuranosyl ring configurations (e.g., 
arabino, xylo) are underway.  
 

What inspired you to participate in undergraduate research? 
“I have always been fascinated by the horizon of scientific knowledge. Research has given me 
the chance to be the first to discover new phenomenon within science.” 
 

How did you get your research position, and what preparation did you undertake for it? 
“I got my research position through a relative who collaborates with Professor Serianni in 
another research institution. I began this position in the Spring of 2012. All my preparation took 
place on the job, and most took place in a trial-and-error approach.” 
 

Where was your research experience located? 
“University of Notre Dame” 
 

What did you get out of your research experience? 
“This experience has provided me with a better understanding of the research process (including 
documentation, grants, and proper lab decorum). I also learned to be more persistent through this 
project, since many things fails for one to succeed.” 
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Drosophila Cbp53E regulates calcium homeostasis and neuronal development 
 

Kimberly Hagel 
Major: Biological Sciences 

Advisor: Charles Tessier, Indiana University School of Medicine - South Bend  
Coauthors: Charles R. Tessier 

 
Calcium is a primary second messenger in all cells and is essential for propagating action 
potentials in neurons.  The proper regulation of calcium is achieved largely through a class of 
proteins containing one or more EF-hand calcium binding domains.   The Drosophila genome 
encodes only a single 6 EF-hand domain containing protein, Cbp53E, which is likely the 
evolutionary replacement for a small family of related mammalian proteins which act as fast 
calcium buffers and calcium sensors.  Like the mammalian homologs, Cbp53E is broadly though 
discretely expressed throughout the nervous system.  Despite the importance of calcium in 
neuronal function and growth, nothing is known about Cbp53E’s function in neuronal 
development.  To address this deficiency, we generated two novel null alleles of Drosophila 
Cbp53E and examined neuronal development at the well-characterized larval neuromuscular 
junction (NMJ).  Loss of Cbp53E results in increased neuronal complexity at the NMJ 
concomitant with alterations in both basal calcium and calcium influx dynamics in the central 
nervous system.  These alterations of neuronal growth can be completely rescued by presynaptic 
neuronal expression of Cbp53E.   These findings suggest that Cbp53E plays a significant role in 
neuronal growth and that the underlying mechanism may be a combination of both calcium 
buffering and calcium sensing activities.  
 
What inspired you to participate in undergraduate research? 
"As a biology major, I wanted to discover how I felt about research outside of a classroom 
setting and if conducting research could represent a viable career option for me. As it turns out, I 
absolutely love working in a lab, and I plan to continue on the research path in the future." 
 
How did you get your research position, and what preparation did you undertake for it? 
“I spoke to one of my biology professors about undergraduate research opportunities in genetics, 
and she put me into contact with my current advisor. In terms of preparation, I shadowed in my 
lab for half of a semester before beginning work there." 
 
Where was your research experience located? 
“The Harper Cancer Research Institute ” 
 
What did you get out of your research experience? 
“I certainly gained invaluable experience and, I learned a lot about the research process in 
general. More than that, though, my experience confirmed for me that I want to incorporate 
research into my future plans. As such, I am now planning to earn my PhD after graduating, 
something that I was not at all set upon before participating in undergraduate research." 
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Constructing a Field-Friendly Biosensor to test for the Presence of Antibiotics in Medicines 
 

Sarah Halweg 
Major: Chemical Engineering 

Advisor: Holly Goodson, Department of Chemistry and Biochemistry, University of Notre Dame 
Coauthor: Abigail Weaver 

 

Paper devices can be used as a simple, low cost analytical platform to perform a variety of tests 
to gather information, such as using pH paper to test the acidity of a substance. An inexpensive 
paper-based analytical test would be a useful tool for pharmaceutical analysis to combat the 
problem of counterfeit pharmaceuticals where current analytical methods are too costly. Paper 
Analytical Devices (PADs) have been developed to provide a chemical profile of a 
pharmaceutical and indicate if the medication contains the approved ingredients. As an extension 
of the chemical tests, a paper-based biological test is being developed using the microbe 
Saccharomyces cerevisciae as a biosensor to detect doxycycline, a drug used for malaria 
prophylaxis.  This biological PAD or “BioPAD” embeds yeast onto a paper substrate. The 
current test responds to doxycycline from 30-10,000µg/mL with the production of a blue 
pigment that can be visualized by eye.  Although this system is reliable and cost-effective for a 
low resource setting, it is not very field-friendly, as it requires cell lysis with liquid nitrogen to 
produce color. To make this system more applicable to low resource settings, a fluorescent 
reporter is being incorporated.  My research has focused on developing an inexpensive method 
for visualizing fluorescence in low resource settings and genetically engineering the current yeast 
biosensor to produce a fluorescent reporter. By use of a green laser pointer and combinations of 
inexpensive plastic filters my visualization system can reliably detect the presence or absence of 
red fluorescent protein in yeast on the paper platform. Genetic engineering of the doxycycline 
responsive yeast to produce different fluorescent reporters, including cyan, yellow and green is 
currently underway.  Since the visualization system is inexpensive and requires little training, 
fluorescence can be a viable reporter for the BioPAD and other analytical tools used in low 
resource settings.  
 

What inspired you to participate in undergraduate research? 
“I had an interest in integrating biology into my chemical engineering coursework. In addition, to 
be able to contribute to the PAD project is extremely inspiring for me because its work will 
directly help people get the correct medicine they need all over the world.” 
 

How did you get your research position, and what preparation did you undertake for it? 
“Dr. Goodson was the professor for my freshman year biochemistry course. I really enjoyed her 
course and asked if I could work in her lab beginning my sophomore year.  I had prior 
experience from going to a summer camp at the University of Pennsylvania, where I learned 
basic biochemistry lab techniques. This research, which I did this past summer, was funded 
through the Institute for Scholarship in the Liberal Arts’ DaVinci Grant Program.” 
 

Where was your research experience located? 
“University of Notre Dame” 
 

What did you get out of your research experience? 
“Besides the appreciation that my work would be helping people all over the world in combating 
counterfeit pharmaceuticals, I learned how to conduct interdisciplinary research, write grant 
proposals, and present my research effectively." 
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Stochastic Averaging of Resonant Auger Effect in Neon 
     

Sean Howard 
Major: Physics 

Advisor: Lampros Nikolopoulos, Dept. of Physics, Dublin City University 
 
Free Electron Lasers (FELs) have provided high intensity, short, and coherent light pulses that 
allow us to probe a regime of atomic properties and interactions previously unstudied. One such 
property is the Auger transition of atomic Neon, 1s → 3p, which femtosecond FEL pulses allow 
timescales on the order of this inner shell vacancy. Additionally, these pulses are of sufficient 
intensity to induce Rabi oscillations between the ground state and the excited state. In modeling 
this transition, stochastic effects of the pulse must be considered. This work reproduces the 
results of the brute force method of dealing with the chaotic nature of the pulse by stochastically 
averaging the time dependent differential equations describing the populations of state. The 
averaged equations are much less computationally intense and would provide additional 
information into the stochastic nature of the pulse. These theoretical results provide both an 
insight into fast atomic transitions and allow for potential characterization of the electric field of 
the pulse. 
 
What inspired you to do research? 
“I enjoy learning how things work on a fundamental level and then applying that understanding 
to solve problems and discover more about the universe.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“This research was funded by a Naughton Fellowship, which required an application for a 
particular research project. Before starting the research, I read basic textbooks on the area of 
research and several articles from the literature.” 
 
Where did the research take place? 
“Dublin City University, Dublin Ireland” 
 
What did you get out of this experience? 
“I was fortunate enough to spend the summer exploring a new country and culture, do serious 
research in an interesting area of physics, and form great relationships with international faculty 
and friends. The research I did this summer provided a foundation for future physics research 
and graduate studies.” 
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Targets of Epigenetic Regulators in Epithelial-Mesenchymal Transition 
 

Stephan Hu 
Majors: Biological Sciences and Statistics 

Advisor: Sendurai Mani, Dept. of Translational Molecular Pathology,  
MD-Anderson Cancer Center 

 
 
Metastases are the primary cause of mortality in many human cancer related deaths. Elucidating 
the mechanism behind metastasis is critical for developing targeted treatments. During 
metastasis, tumor cells must change phenotypes in order to leave the primary tumor site and 
escape into the vasculature. Epithelial-mesenchymal transition (EMT) has been shown to give 
epithelial cells the necessary traits to leave the primary tumor and survive in the bloodstream. 
EMT is a necessarily rapid process, so we hypothesize that EMT is controlled through epigenetic 
regulation such as DNA and histone methylation rather than slow DNA mutations. Analysis of 
genes involved in DNA methylation during EMT was performed using qRT-PCR analysis, and 
the results showed that some of the genes involved in DNA methylation, such as DNMT3A/B 
and TET1/2/3, are differentially regulated. Analysis of the number of genes in a bivalent state 
was also performed using qRT-PCR analysis, and results showed changes in expression of these 
genes as well. DNA methylation and bivalent state maintenance both represent epigenetic 
regulation, so these results suggest epigenetic regulation of the EMT process. Further analysis of 
these epigenetic regulators as well as the genes epigenetically regulated during EMT will shed 
light on developing better treatment options for metastasis. 
 
What inspired you to participate in undergraduate research? 
“Being actively involved and contributing to the forefront of research has always been an interest 
of mine. I enjoy working through the laboratory approach and troubleshooting through 
experiments in an effort to reach our end goal.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I applied through the Cancer Prevention & Research Institute of Texas (CPRIT) program with 
the help of Notre Dame and its generous donors. I have been involved in research before, but to 
prepare for this particular program, I read up on my lab’s publications to-date and reviewed 
subjects and methods that were foreign to me.” 
 
Where was your research experience located? 
“MD-Anderson Cancer Center in Houston, Texas” 
 
What did you get out of your research experience? 
“A great summer experience in Houston, an incredible introduction into high-powered research, 
exposure to many of the different paths involved in medicine and science, interaction with top of 
the field faculty, and a great learning experience in research and investigative laboratory work.” 
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Organic Chemistry for the Visual Learner 
 

Alexandra Ignacio 
Major: Visual Communications Design and Prehealth 

Advisor: Emily Beck, Dept. of Art, Art History, & Design, University of Notre Dame 
 
90% of the information processed in our brains is visual information, and approximately 65% of 
the population are visual learners. Good design could improve student comprehension by 
showing structure, shape, size, as well as improve motivation and comprehension. Creating a 
visual organic chemistry study guide using clean design, bright colors, and fun characters to 
explain complex concepts could evoke more engagement and retention for many students. 
Illustrations of anthropomorphized atoms and chemical reactions done in Adobe Illustrator 
invoke the look and feel of children’s books while providing information and creating an 
engaging narrative to follow rather than a list of formulas and mechanisms. This study guide can 
better aid students in the understanding of organic chemistry and perhaps be extended to other 
fields of study. 
 
What inspired you to participate in undergraduate research? 
“I wanted to find a compromise between my two contrasting fields of study in science and design 
and possibly bridge them together. Applying my knowledge of the power of visuals and good 
design for communication could have a great impact on the field of science in terms of 
education, comprehension, and engagement.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I heard about the Da Vinci Grant Program and decided to apply. After consulting my art and 
science professors, I submitted a research proposal. The Notre Dame Undergraduate Research 
Opportunity Program (UROP) in the Institution for Scholarship in the Liberal Arts (ISLA) 
provided funding for my research.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“A productive summer at Notre Dame, new portfolio pieces, and a better understanding of my 
creative style and design process. I better developed the skill of condensing complex information 
into an accessible format and refreshed my memory of organic chemistry. My research 
experience was a meaningful precursor to a possible senior thesis project in design.” 
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Production of Monoenergetic Neurons for Neutron Detector Research 
 

Steven Jepeal 
Major: Physics 

Advisor: Christopher Lister, Dept. of Physics, University of Massachusetts Lowell 
 
 
Free neutrons are seldom produced in nature and are unstable, decaying back to protons with a 
mean life of 881s.  The only natural sources are spontaneous fission of actinides and cosmic ray 
interactions, both of which are rare processes. The detection of neutrons indicates unusual 
nuclear activity, allowing neutron detection the roll of the “smoking gun” for seeking potential 
nuclear terrorism.  One promising new material, the inorganic scintillator CLYC, a crystal of 
chlorine, lithium, yttrium and cesium, holds the potential to allow the development of neutron 
detectors that are inexpensive and portable enough to be carried by all police and firefighting 
departments. At the University of Massachusetts, Lowell, CLYC is being developed in 
collaboration with local industrial companies. To evaluate its response to neutrons, in to 500keV 
to 4MeV energy range, the CN Van de Graaff accelerator is used to produce neutrons, via the 
7Li(p,n)7Be reaction. However, in order to access the energy regime of 4-9MeV, the D(d,n)3He 
reaction must be utilized in the CN Van de Graaff.  My research project was the design and 
production of a deuterium gas cell to be fitted into the CN Van De Graaff accelerator in order to 
produce neutrons through the more energetic d-d reaction. 

What inspired you to participate in undergraduate research? 
“I decided to try research my freshman year because I knew research was important for a career 
in physics.  After this first summer, I really enjoyed being to use what I learned in the classroom 
while learning about the newest discoveries in my field.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“After beginning research here at Notre Dame, my advisor recommended me to Professor Lister, 
a former colleague who now teaches at the University of Massachusetts Lowell.  Professor Lister 
has given me research projects the past two summers in Lowell’s nuclear physics department.  I 
performed a lot of reading in nuclear physics under the direction of Professor Lister to prepare 
for the research.” 
 
Where was your research experience located? 
“University of Massachusetts Lowell” 
 
What did you get out of your research experience? 
“I gained some very valuable experience in scientific research.  This project allowed to me work 
independently much of the time.  I also contributed and was exposed to other research projects, 
which has given me a greater understanding of modern nuclear physics research.” 
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Effect of Ibuprofen on Cystic Fibrosis Cell Signaling 
 

Claire Kampman 
Major: Biological Sciences 

Advisor: Thomas J. Kelley, Dept. of Pediatrics, Case Western Reserve University 
 

Cystic Fibrosis (CF), a genetic disease impacting the functionality of the cystic fibrosis 
transmembrane conductance regulator (CFTR) protein, produces detrimental phenotypic effects 
such as decreased mucosal clearance and increased inflammation. Elevated levels of RhoA and 
abnormal cholesterol trafficking characterize this altered inflammatory signaling, potentially 
resulting from the decreased rate of microtubule polymerization in CF cells. Ibuprofen 
effectively ameliorates this phenotype in the clinical environment, though little is known about 
its mechanism. We predict that Ibuprofen improves CF cell microtubule and signaling 
functionality, therefore regulating inflammation. To test this, we performed microtubule 
polymerization assays by depolymerizing treated (500 µM Ibuprofen) and untreated CF and WT 
cells on ice for 30 minutes. The cells then repolymerized in warm media at 4-minute time 
intervals for 20 minutes. Analysis of immunofluorescent staining suggests that Ibuprofen 
corrects CF cell microtubule polymerization to wild type rates. Subsequently, we used western 
blot analysis to confirm a decrease in RhoA, as well as immunostaining and filipin staining to 
observe the restoration of cholesterol localization from perinuclear to cytosolic. These results 
suggest a mechanistic target for Ibuprofen’s functionality, with the eventual goal of replicating 
this mechanistic effect to develop a disease-specific anti-inflammatory drug. 
 
What inspired you to participate in undergraduate research? 
“I was excited to apply the science I was learning in the classroom to the “real world” as soon as 
possible. Additionally, I was eager to begin developing professional skills by participating a 
productive lab environment.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“After speaking to another Notre Dame undergraduate who participated in the internship 
program, I emailed the director and my future PI, visited the labs over winter break, and applied 
shortly after returning to campus second semester. “  
 
Where was your research experience located? 
“Case Western Reserve University in Cleveland, Ohio.” 
 
What did you get out of your research experience? 
“ I was able to develop many relationships and contacts at a leading Cystic Fibrosis research 
institution, as well as with my peers from various universities across the country.  I also learned 
several important laboratory techniques and data analysis methods. Further, it helped me discern 
that a future in graduate studies and a career in research is right for me.”   
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The Notre Dame Nuclear Database: Nuclear Data Made Easily Accessible 
 

Timothy Khouw 
Major: Physics 

Advisor: Ani Aprahamian, Dept. of Physics, University of Notre Dame 
Coauthors: Matthew Mumpower, Ani Aprahamian 

 

In 1994, the NNDC revolutionized nuclear research by providing a colorful, clickable, 
searchable database over the internet.  Since then, web technology has evolved dramatically, but 
the NNDC’s user interface has not expanded.  Our project, the Notre Dame Nuclear Database, 
(ND)2, aims to provide a more comprehensive and broadly searchable set of data while making 
access to the data easy and clickable.  The database can be searched by an array of filters which 
includes metadata in addition to the nuclear parameter that is searched for, including information 
on the facility where a measurement is made, the author(s), or date of publication for the datum 
of interest.  The user interface takes full advantage of HTML, a markup language that encodes 
the vast majority of webpages, CSS (cascading style sheets which define the aesthetics of the 
website), and JavaScript, a programming language that allows our website to process complex 
data; these are essential components of any modern website.  The server-side technologies used 
to power the webserver are MySQL, a relational database management system, and Python, a 
high-level programming language that we use to access and return data.  In addition, our team 
has developed a first-of-its-kind command-line interface that allows users to interact with the 
database directly on their local machines without having to open a web browser.  For example, 
users can request to download specific, pre-parsed content in numerous data formats with a 
simple command.  This is possible through the use of a standardized API (application 
programming interface) that relies upon well-defined filtering variables to produce customized 
search results.  (ND)2 also offers an innovative chart of nuclides utilizing scalable vector 
graphics (SVG) to deliver researchers an unsurpassed level of interactivity as well as support on 
all computers and mobile devices (including touch features such as scrolling and pinch-
zooming).  It is our hope that (ND)2 will greatly benefit the nuclear physics community and 
accelerate nuclear research around the world. 
 
What inspired you to participate in undergraduate research? 
“I’m very interested in physics, and I was curious to see what my career might be like as a 
researcher.  Also, undergraduate research is almost a necessary condition to be accepted into 
graduate school.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“One of my classmates was already on the team, so he brought me on too.  The first time I met 
my advisor, I told her that I was the newest member of her research group.” 
 
Where was your research experience located? 
“The University of Notre Dame.” 
 
What did you get out of your research experience? 
“I believe I learned what it’s like to work as a physicist, at least to a certain extent.  I don’t think 
there’s a better way to prepare for a career in scientific research than actually doing research as 
an undergraduate.” 
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Synthesis of UV-Active Cholesterol Mimic for Study of Niemann-Pick Type C Disease 
 

Luke Kiefer 
Major: Science-Business 

Advisor: Paul Helquist, Dept. of Chemistry and Biochemistry, University of Notre Dame 
 
KLG-1[(1R,11aR)-7-methoxy-11a-methyl-1-(5-methylhexyl)-2,10,11,11a-tetrahydro-1H-
naphtho[1,2-g]indole], is a proposed cholesterol mimic with strong UV-activity. It can be used as 
a biomarker for monitoring of cholesterol trafficking in situ. The synthetic pathway of KLG-1 
utilizes a stereo-selective Michael addition and a reductive imine cyclization. The ability to 
visually study the trafficking of cholesterol has abundant potential for application in various 
biological pathways in which cholesterol is involved, both on the micro and macro levels. One of 
the various goals of monitoring cholesterol trafficking is to advance understanding of the rare 
disease Niemann-Pick Type C. While this disease’s primary cause is a genetic abnormality in the 
NPC1 or NPC2 genes, the proteins which the genes code for are highly involved in cholesterol 
trafficking through lysosomes. The defective genes create malfunctioning proteins which are 
unable to transport cholesterol, leading to its accumulation and the neurodegenerative symptoms 
which affect those suffering from the disease. Hopefully, KLG-1 will both benefit the study of 
maladies resulting from deficient cholesterol trafficking and serve as a model for engineering 
and application of future biomarkers. 
 
What inspired you to participate in undergraduate research? 
I had been disinterested as a freshman towards the prospect of doing research, but during the 
summer before my sophomore year, I met the Leoni family whose daughter was afflicted with 
Niemann Pick Type C (NPC). I met Dean Crawford with them as well as he started his bike ride 
across the country for NPC. After talking with Dean Crawford and the Leoni family, I realized 
that this was a cause I wanted to get behind, and I felt drawn to doing research to help the cause.  
 
How did you get your research position, and what preparation did you undertake for it? 
After meeting Jessie Leoni, I kept in contact with Dean Crawford through first semester of 
sophomore year, and he steered me towards Professors Helquist and Wiest. After talking with 
them, they gladly accepted me into their group to work on this cholesterol mimic project. 
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
I have become close with everyone in my lab group, and I have expanded my knowledge of 
organic chemistry reactions. The greatest part so far was participating in a national NPC 
conference in June held at Notre Dame where I met and listened to many professors and doctors 
working on all different projects towards treating NPC. 
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Mechanism of Phosphine-catalyzed rearrangement by Density Functional Theory (DFT) 
 

Nahee Kim 
Major: Chemistry and Mathematics 

Advisor: John Parkhill, Dept. Of Chemistry and Biochemistry, University of Notre Dame 
Coauthors: Kun Yao 

 
Phosphine-based reactions play a significant role in synthetic chemistry for chemoselective 
ligation reactions. This study is interested in Staudinger ligation, which is first reported in 2000. 
The purpose of this study is to clarify the mechanism of a recently reported variation of this 
reaction, which remains poorly understood. This study is particularly focused in a redox 
phosphine-catalyzed Staudinger ligation. Density Functional Theory (DFT) and Transition State 
Theory (TST) were used as efficient methods to seek out the best path with minimum energy. 
Reactants (N-methyl Isatin and Tris (dimethylamino) phosphine) and product (Spiro[benzofuran-
2(3H),3’-[3H]indol]-2’(1’H)-one, 1’-methyl-) were optimized to their most stable structure. Then 
I used the Freezing String Method (FSM) to obtain the approximate structures of transition 
states.  Hessian-Free Transition State Search (HFTS) was then used to refine to transition state 
and estimate the reaction rates. It was found that the reaction was almost barrierless in three 
consecutive processes, which is consistent with the experimental observation that the reaction 
occurred at low temperature with many solvents. The solvent effects were not significant in the 
reaction mechanism. Possible minimum energy pathway of phosphine-based reaction was 
identified and compared with other putative mechanisms. Further work will study other possible 
reaction substrates and generalization of this reaction.  
 
What inspired you to participate in undergraduate research? 
“My desire for knowledge of the fundamental physics of the natural world has led me to seek 
experience in theoretical chemistry, especially in quantum theory.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I was interested in theoretical chemistry and asked Dr. Parkhill, a theoretical chemistry 
professor. I had experience in organic chemistry research for a year and my project was about the 
preparation of crown-ether based molecular receptors for the host-guest chemistry of 
polyoxometalates. Also, I had previously studied spline wavelet analysis and its application in 
image processing, especially frames and spline framelets for math research. For this summer, I 
received Summer Undergraduate Research Fellowship from College of Science.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“Since August of 2013, I have been working in Dr. John Parkhill’s lab. I have learned how to do 
critical thinking and mathematical modeling. Most of all, I gained deep appreciation for science 
and its reward for my future. I have also learned how to automate and write code, formulate 
statistics, and collect data. Although I learned one specific reaction and its certain methods, I 
believe that I could apply this knowledge to theoretical calculation on cellular and even more 
expanded levels beyond the molecular level in the future.” 
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TRIM24 Bromodomain faciliates p53 Interaction  
 

Nicholas King 
Major: Chemistry 

Advisor: Michelle Barton, Dept. of Biochemistry and Molecular Biology, University of Texas 
MD Anderson Cancer Center 

Coauthors: Aundrietta Duncan, Michelle C. Barton, IACS 
 
p53 is regarded as the master tumor suppressor gene because of its role in ensuring genomic 
integrity and its involvement in cell cycle restriction. Because of this, the negative regulators of 
p53 and their controls are considered very pertinent in understand how cells escape p53 mediated 
cell cycle control and become cancerous. TRIM24 was recently found to be both a negative 
regulator of p53 as an E3 ligase, and a chromatin reader by means of Bromo- and Plant Homeo 
Domains. To assay if the TRIM24/chromatin interaction is necessary for TRIM24’s binding to 
p53, a small molecule was designed to block TRIM24’s Bromodomain from binding to histone 
H3K23ac. Upon treatment with the inhibitor, MCF7 cells showed reduced TRIM24/p53 binding, 
indicating that TRIM24’s chromatin interaction is necessary for p53 binding. Interestingly,  
TRIM24 SUMOylation, a post-translational modification, was also inhibited upon treatment with 
the inhibitor; further, it is known that TRIM24 and p53 do not interact without additional binding 
proteins or post translational modifications. Therefore it is hypothesized that TRIM24/p53 
binding is mediated by SUMOylation occurring on the chromatin. 
 
 
What inspired you to participate in undergraduate research? 
“Initially, I saw research as just another necessary part of the science major. But once I got 
started, I fell in love with the entire idea of it. From generating a question, designing and 
executing experiments to answer that question, and finally interpreting your results and 
presenting the answer; and all for a question that has never been asked before! Coming from the 
structured science classes where every question had one right answer, the feeling of not having 
one but having to find it was so refreshing I was hooked.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I was writing all my apps to be able to do something over the summer when I saw an email for 
the MD Anderson CPRIT program that had been sent out by the College of Science. I applied 
thinking I wouldn’t get in, and when I did, I accepted that day.” 
 
Where was your research experience located? 
“University of Texas MD Anderson Cancer Center in Houston” 
 
What did you get out of your research experience? 
“An incredible introduction into research. I was able to pick up so many integral lab skills and 
try my hand at so many techniques that I have a solid basis for most of what I will be doing here 
on campus. More importantly, I was able to meet some amazing researchers at the medical 
center, work with them, and learn about their work; and in doing so found professional contacts 
while still an undergrad.” 
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Molecular Basis of the Fluorescence Change that Occurs with TDP-43-RNA Interaction 
 

Catherine Knoverek 
Major: Biochemistry 

Advisor: Yuna Ayala, Dept. of Biochemistry and Molecular Biology, Saint Louis University  
Coauthors: Curie Subramanian and Binyan Lin 

 
The aggregation and nuclear clearance of the TAR DNA binding protein (TDP-43) are key 
features of different neurodegenerative disorders, although mainly associated with amyotrophic 
lateral sclerosis (ALS) and frontotemporal lobar degeneration (FTLD). TDP-43 is a 
predominantly nuclear RNA-binding protein that controls RNA processing and gene expression.  
We found that RNA binding translates to dramatic changes in the intrinsic fluorescence of TDP-
43 allowing us to accurately measure binding affinity. RNA UG repeats are the most common 
among TDP-43 RNA targets in vivo and constitute the target sequence in our reporter assays. 
The main goal of this project was to determine the molecular basis for the change in fluorescence 
upon RNA binding by looking at the two typtophans in the RNA-Binding Domain (RBD). It was 
expected that a mutation from tryptophan to alanine would result in the loss of the change in 
fluorescence signal for the residue(s) responsible for this change. Our studies found that a 
mutation at the 113 tryptophan residue decreases RNA binding affinity resulting in essentially no 
change in the fluorescence signal.  
 
What inspired you to participate in undergraduate research? 
The best way to learn science and to find your passion in science is to go out and do it. Science is 
a growing field and the best way to learn it is to take a hands-on approach to help it grow. 
 
How did you get your research position, and what preparation did you undertake for it? 
I found out about Saint Louis University’s summer undergraduate research program as I was 
doing some searching online. I applied to the program at the beginning of the year and got 
accepted into the program in February.  
  
Where was your research experience located? 
Saint Louis University 
 
What did you get out of your research experience? 
I learned a lot about what it’s like to conduct research in science in general. I had all summer to 
work on an individual project that I had the opportunity to investigate, analyze, and develop.  
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Developing nitrile Stark probes of plasmonic fields 
 

Daniel Kwasnieski 
Major: Chemistry and ACMS 

Advisor: Zachary Schultz, Dept. of Chemistry and Biochemistry, University of Notre Dame 
 

The local electric field environment of plasmonic nanostructures is of particular interest both to 
science and industry, where these nanoscale properties find many applications.  However, direct 
assessment of these fields is difficult, and the common practice of indirectly inferring the field 
strength from signal intensity has certain pitfalls.  A recently reported method identified the 
vibrational Stark effect as capable of directly measuring the local field in the gap junction of a 
nanoparticle dimer from frequency shifts in a Raman vibrational mode of CO.  Expanding on 
previous work in our lab which investigated CN adsorbed to Au to image electric fields, here we 
study CN and two thiolated nitrile-capped probe molecules on Ag SERS substrates as potential 
Stark reporters.  Efforts were made to calibrate the observed nitrile stretching frequency as a 
function of the incident laser power.  From these studies, the CN frequency is observed to 
correlate with electric fields, but further study is needed to quantify this effect. 
 
What inspired you to participate in undergraduate research? 
I really wanted to get involved with actual science and not just sit in a classroom all day learning 
from a professor and a book.  There is so much cool stuff going on in the world of research that it 
just is not possible for you to learn it all by going to class, and I figured getting hands-on 
experience with doing science would be a great way to learn a lot. 
 
How did you get your research position, and what preparation did you undertake for it? 
To get my position, I emailed a few professors around campus who were doing work that seemed 
interesting to me and set up appointments to meet them and see their labs.  I was offered a 
position at each of them and picked the one that seemed to fit me the best.  All I had to do was 
take two easy safety courses to become qualified to perform research. 
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
I learned a lot from my experience, not just in that specific field of chemistry but also about 
science and the scientific process in general.  It is easy to open a book and see a chemical 
reaction or a picture of cell and just take it for granted that it is right, but when you have to 
actually figure out why the reaction proceeds the way it does or why the cell is organized in that 
way, the problem becomes much more real, and I very much enjoyed the challenge of research. 
 



	   34	  

Ascorbic Acid Facilitates Xanthine Oxidase-Mediated Production of Nitrite from 
Nitroglycerin: Implications for Nitrate Tolerance 

 
Eunice Lee 

Major: Biological Sciences 
Advisor: Jan F. Stevens, Linus Pauling Institute, Oregon State University 

 
Studies suggest that patients on prolonged treatment of nitroglycerin (GTN) may develop nitrate 
tolerance, but the mechanism behind this development is not clearly known. Prior studies show 
that with vitamin C (Asc) supplementation, nitrite production could be detected from Xanthine 
Oxidase (XO)-mediated reduction under anaerobic conditions. A recent study found that 
allopurinol prevented nitrate tolerance in rat thoracic aorta rings. The suggested mechanism lies 
in the possibility that allopurinol may reduce oxidative stress by preventing the production of 
·O2

- anions to preserve the NO pool. Likewise, Asc is also a known antioxidant that can 
scavenge free radicals and superoxides and possibly prevent or reverse nitrate tolerance by 
maintenance of NO production in the presence of Asc. To better understand the biochemical 
mechanism of vitamin C and allopurinol and their roles in preventing nitrate tolerance, aliquots 
from in vitro incubations of xanthine, xanthine oxidase, nitroglycerin, ascorbic acid and 
allopurinol were analyzed by LC-MS/MS for nitrite production from GTN. In this study, Asc 
was proposed to facilitate XO-mediated nitrite production from nitroglycerin. 
 
What inspired you to participate in undergraduate research? 
Since I was young, I have always been curious about how the beneficial effects of vitamin C 
actually work in the human body. Since then, I have always wanted to seize the opportunity to 
work in a research lab that studied micronutrients like ascorbic acid to prevent and treat 
cardiovascular diseases. 
 
How did you get your research position, and what preparation did you undertake for it? 
Following my first year, I was so intrigued about research concerning medicinal chemistry that I 
emailed a principal investigator at the Linus Pauling Institute at Oregon State University in hopes 
of getting a summer research position. After a thorough explanation of my interest in the field, I 
was able to get the position and immediately submitted a research proposal to find funding. 
Following my second year, my principal investigator asked me to return to the lab for a second 
summer so I again applied for funding through the Center for Undergraduate Scholarly 
Engagement. 
 
Where was your research experience located? 
Linus Pauling Institute at Oregon State University. LPI investigates the role that vitamins and 
micronutrients and phytochemicals play in human aging, immune function, and chronic diseases. 
Their goal is to understand the mechanisms by which diet, micronutrients, and dietary 
supplements affect disease progression and use these results in the prevention or treatment of 
human diseases. 
 
What did you get out of your research experience? 
I was able to meet new friends and collaborators, have insight into the medicinal chemistry and 
biochemistry field, and enjoy the wonderful city of Corvallis. After two months of staying in 
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Corvallis, I was able to independently conduct my own research project by ordering my own 
materials, planning my own project, conducting the experiments, and analyzing the data. 
Through this research experience, I was able to learn derivatization of 2,3-diaminonaphtalene 
and detect it using the Shimadzu Prominence LC system coupled to an AB Sciex 3200 Q Trap.  
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EpoR Mutant Murine Embryonic Fibroblasts and Erythropoietin-Stimulated Tumor Growth 
 

Kyle Lewellen 
Major: Biochemistry 

Advisor: Anil K. Sood, Dept. of Gynecologic Oncology,  
The University of Texas MD Anderson Cancer Center 

Coauthors: Sunila Pradeep, Anil K. Sood 
 

Anemia, whether it be caused by disease or chemotherapy, is a relatively common condition in 
cancer patients.  These patients are often treated with erythropoietin (Epo), which stimulates the 
production of red blood cells through a process known as erythropoiesis.  In more recent clinical 
trials, treatment with  Epo has been associated with enhanced tumor growth and decreased 
overall survival.   Erythropoietin and erythropoietin receptor (EpoR) interaction alone cannot 
solely account for the tumor progression associated with Epo therapy.  It therefore seems 
plausible that erythropoietin is stimulating tumor growth in an EpoR-independent manner.  In 
this particular study, mouse embryonic fibroblasts (MEFs) were isolated after breeding C57BL/6 
mice heterozygous for the gene encoding EpoR.  MEFs were analyzed via immunofluorescence 
microscopy after being stained for ephrin type B receptor 4 (EphB4) and EpoR to determine their 
utility as an in vitro EpoR knockout model.  Immunofluorescence microscopy revealed that the 
mutant MEFs do not express EpoR.  These cells will be treated with EphrinB2, a ligand of 
EphB4, to examine the downstream targets of this pathway.  This future experiment could 
provide mechanistic clarity to an EpoR-independent signaling pathway that may be activated 
during erythropoietin therapy.   
 
What inspired you to participate in undergraduate research? 
I was always interested in delving deeper into scientific topics that I could pursue outside of a 
lecture setting.  My interest in medicine was also paramount to my involvement in undergraduate 
research.  I was particularly interested in participating in cancer research and have been fortunate 
enough to be able to pursue that.  
 
How did you get your research position, and what preparation did you undertake for it? 
I was encouraged by my PI at Notre Dame, Dr. Sharon Stack, to apply for the Cancer Prevention 
and Research Institute of Texas (CPRIT) Undergraduate Program at MD Anderson Cancer 
Center.  The preparation I had for the program included three semesters previously in Dr. Stack's 
laboratory and a summer research experience at Indiana University School of Medicine.  I also 
prepared for the program by investigating the research interests of various PIs at MD Anderson.   
 
Where was your research experience located? 
The University of Texas MD Anderson Cancer Center in Houston, Texas.   
 
What did you get out of your research experience? 
I gained new insights into many aspects of major cancer research, technical skills, and an 
increased awareness of the publishing process.  As someone particularly interested in medicine, 
MD Anderson Cancer Center provided a unique experience, during which I could shadow in 
different clinics and undertake exciting clinical research at the forefront of academic medicine.   
I also thoroughly enjoyed living in Houston.  I gained skills and made personal connections that 
will certainly help me throughout my future career.   
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Feeding Rates of Chaoborus on Daphnia and Copepods and the Effect of Fish Presence 
 

Katherine Lumetta 
Major: Biological Sciences 

Advisor: Patrick Kelly, Dept. of Biological Sciences, University of Notre Dame 
 

Chaoborus can influence zooplankton populations through predation, although specific feeding 
rates and effects on prey populations are unknown.  Planktivorous fish similarly influence 
Chaoborus populations, which affects zooplankton populations in a trophic cascade.  In lakes 
without planktivorous fish, Chaoborus are the primary drivers of top-down influences on 
zooplankton populations; therefore, it is important to understand Chaoborus feeding rates in both 
the presence and absence of fish.  This study investigated Chaoborus feeding rates on Daphnia 
and copepods and compared feeding rates in the presence and absence of fish.  Based on 
established literature, it was hypothesized that Chaoborus would prefer copepods over Daphnia 
and that Chaoborus feeding rates would be higher in the absence of fish.  Zooplankton and 
Chaoborus were collected from Long Lake at the University of Notre Dame Environmental 
Research Center (UNDERC) in Wisconsin, placed in five-gallon buckets, and counted after six 
hours.  Trials were run with water from Long Lake (fish present) and tap water (fish absent).  
Chaoborus ate a higher proportion of Daphnia and Holopedium than calanoids and copepods, 
and feeding rates decreased significantly as Chaoborus density increased.  Chaoborus ate a 
higher proportion of Daphnia, cyclopoids, and Holopedium in tap water than in Long water.  
Although there was no significant difference between feeding rates in Long water and tap water, 
several factors such as density of Chaoborus, density of fish, and interactions among trophic 
levels influence Chaoborus behavior and its role in lake trophic cascades. 
 
What inspired you to participate in undergraduate research? 
“I wanted to expand my lab skills by designing and conducting my own experiment.  I also 
wanted to gain experience in ecology research in the field.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I heard about UNDERC through emails from the biology department and applied for the 
program in the fall.  In the spring semester, I took the one-credit orientation class to prepare for 
the summer.” 
 
Where was your research experience located? 
“University of Notre Dame Environmental Research Center in Land O’Lakes, Wisconsin” 
 
What did you get out of your research experience? 
“I had an amazing summer learning about field ecology and how to design an experiment, write 
a proposal, and present my results.  I also learned how to adjust my experimental design in order 
to get useful results and gained insight into graduate studies in biology.” 
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Developing Multi-Scale Imaging of Myeloperoxidase 
 

Zachary Mastrovich 
Major: Applied Computational Math and Statistics 

Advisor: Seth Gammon and David Piwnica-Worms, Cancer Systems Imaging,  
MD Anderson Cancer Center 

 
Myeloperoxidase, or MPO, is an enzyme that is present near inflammation sites in tissue.  
However, this inflammation is not limited to just cuts and scrapes; the pressure from a tumor is 
also enough to trigger MPO to be present near an inflammation site.  Upon addition of the small 
molecule luminol, often used in criminology, light is produced via a reaction where MPO 
catalyzes surrounding chloride ions and hydrogen peroxide to create bleach, which then reacts 
with the luminol to give off light. This is important because it allows for non-invasive 
bioluminescent imaging of MPO activity in vivo, which leads to longitudinal studies of the 
interaction between the innate immune system and cancer.  However, it is important to note that 
imaging MPO has only been validated in small animal models but not at a microscopic scale.  
Therefore, the goal of this project is to create a phantom which can be used to validate a custom-
built bioluminescence microscope to study this interaction at a microscopic scale.  
 
 
What inspired you to participate in undergraduate research? 
I have always been interested in working in a laboratory ever since I was young.  Being able to 
carry out this dream has been one of the most fulfilling experiences of my life.  I love being able 
to try to find answers that have never been found before, and using them to help further 
biomedical research. 
 
How did you get your research position, and what preparation did you undertake for it? 
Dr. Matt Leevy, the PI I work with currently, had me conduct cancer research the first semester I 
worked with him.  Ever since then, I had been interested in doing more extensive cancer 
research, and when the opportunity to work at MD Anderson Cancer Center arrived I knew I had 
to pursue it.  In order to prepare for this, I read recommended scientific literature about the 
specific topic I would be conducting research on. 
 
Where was your research experience located? 
MD Anderson Cancer Center in Houston, Texas 
 
What did you get out of your research experience? 
I became much more confident in my researching abilities and a more knowledgeable and 
efficient researcher.  I learned how to make my own protocols, refined my cell culture technique, 
and learned what it is like to work in a lab for a full time job. 
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Differential IL-12 Response of Epithelial Cells from Normal and Periodontitis Saliva to 
Porphyromonas gingivalis and Fusobacterium nucleatum 

 
Conor McCarthy 

Major: Biological Sciences 
Advisor: Mythily Srinivasan, Indiana University School of Dentistry, Dept. of Oral Pathology, 

Medicine and Radiology 
 
Salivary diagnostics is a useful, non-invasive, and implementable technique for disease 
detection. In this study, we investigated the applicability of a salivary diagnostic test for 
periodontitis. Periodontitis is a gum infection that damages soft tissue and destroys tooth bone 
support and possibly causing tooth loss. Chronic periodontitis is also associated with increased 
risk of heart attack or and diabetes mellitus. It has been previously reported that the expression of 
the proinflammatory cytokine IL-8 by oral epithelial cells increases after interaction with some 
periodontal pathogens, but conversely is reduced after interaction with the most common 
pathogen, Porphyromonas gingivalis (P. gingivalis). The objective of our study is to investigate 
the response of oral epithelial cells to simultaneous exposure to two common periodontopathic 
bacteria, Fusobacterium nucleatum (F. nucleatum) and P. gingivalis. Saliva was collected from 
patients with periodontitis and healthy individuals after obtaining informed consent. Epithelial 
cells were isolated and stimulated for four hours with different ratios of the periodontal 
pathogens F. nucleatum and P. gingivalis. The level of IL-12 in the culture supernatants was 
measured using enzyme-linked immunosorbent assay (ELISA). Results show, first, that there is a 
clear difference in the IL-12 secretion by normal and periodontal epithelial cells. Second, at low 
to intermediate ratios of F. nucleatum to P. gingivalis, IL-12 release is decreased. In addition 
cells treated with a ratio of 1:1000 F. nucleatum to P. gingivalis show higher levels of IL-12 
production than those treated with a ratio of 1000:1. This indicates that P. gingivalis’s inhibitory 
interaction may only occur when there is a balance of P. gingivalis with other bacteria. Overall, 
differential IL-12 response of the salivary epithelial cells of normal and periodontitis patients 
suggests a potential clinical application for salivary epithelial cells in periodontitis. 
 
What inspired you to participate in undergraduate research? 
As an aspiring doctor, I feel that it is important to understand and appreciate the research that 
drives advancements in the medical field. The idea of synthesizing new knowledge is exciting 
and motivating. 
 
How did you get your research position, and what preparation did you undertake for it? 
I applied for the program online and did some background research on my possible research 
topics. 
 
Where was your research experience located? 
Indiana University-Purdue University Indianapolis 
 
What did you get out of your research experience? 
Among other things, I improved my research skills, presentation skills, and knowledge of the 
field of oral pathology. It was also fun to live in and explore a new city and meet new people. 
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Modeling and Analysis of Ultrarelativistic Heavy Ion Collisions 
 

William Patrick McCormack III 
Majors: Physics and Mathematics 

Advisor: Scott Pratt, Dept. Physics and Astronomy/ National Superconducting Cyclotron 
Laboratory, Michigan State University 

Coauthors: Scott Pratt 
 
High-energy collisions of heavy ions, such as gold, copper, or uranium serve as an important 
means of studying quantum chromodynamic matter.  When relativistic nuclei collide, a hot, 
energetic fireball of dissociated partonic matter is created; this super-hadronic matter is believed 
to be the quark gluon plasma (QGP), which is theorized to have comprised the universe 
immediately following the big bang.  As the fireball expands and cools, it reaches freeze-out 
temperatures, and quarks hadronize into baryons and mesons.  To characterize this super-
hadronic matter, one can use balance functions, a means of studying correlations due to local 
charge conservation.  In particular, the simple model used in this research assumed two waves of 
localized charge-anticharge production: the first wave occurs when the QGP is formed at the 
earliest stages during the reaction, and the second takes place during the hadronization stage.  
Balance functions were constructed as the sum of these two charge production components, and 
four parameters were manipulated to match the model’s output with experimental data taken 
from the STAR Collaboration at RHIC.  Results show that the chemical composition of the 
super-hadronic matter appear nearly consistent with that of a thermally equilibrated QGP. 
 
What inspired you to participate in undergraduate research? 
“I decided to participate in undergraduate research because I wanted firsthand experience 
working on the forefront of science.  It’s one thing to learn Physics from a textbook and 
something else entirely to produce that material.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I got my research position through an NSF REU.  I applied to more than 25 institutions for one 
of these positions, and MSU was the first school to accept me.  Luckily, that meant I got to work 
with some great people at the country’s top ranked Nuclear Science school.  To prepare, I got the 
best grades I could in classes (I think that’s probably the most important thing for getting an 
REU).” 
 
Where was your research experience located? 
“Michigan State University, National Superconducting Cyclotron Lab” 
 
What did you get out of your research experience? 
“I learned a great deal about High Energy and Nuclear Physics in addition to many computing 
techniques.  Additionally, I met some of the top physicists in the field of Heavy Ion Physics and 
published a paper along with my advisor about my research this summer.” 
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Fine-scale spatial patterns of density and fitness in two flowering plant populations in the 
Upper Great Lakes Region 

 
Catherine McQuestion 

Major: Environmental Sciences 
Advisor: Hannah Madson, Dept. of Biological Sciences, University of Notre Dame 

 
In order to assess fine-scale spatial patterns of fitness and density in plant populations, I sampled 
single populations of hermaphroditic Barbarea vulgaris and dioecious Silene latifolia. Both 
species were sampled to examine whether (1) density and fitness decrease away from the center 
of the population, (2) fitness increases with density, and for S. latifolia, whether (3) females are 
more centrally located and if (4) female fitness correlates with nearest male neighbor distance. 
For each population, I mapped the position of each plant and estimated fitness using plant height 
and flower number. I calculated distance from the center of the population and distance to the 
nearest neighbor (i.e., density) for every individual. For B. vulgaris, density and fitness were 
greater at the periphery of the population, and height increased with density. For S. latifolia, 
there was no conclusive pattern in spatial distribution, but there was a negative relationship 
between density and fitness, suggesting that intraspecific competition may play a role in S. 
latifolia life history. Furthermore, male fitness decreased with nearby female neighbors, 
suggesting intersexual competition and a competitive advantage for females. Overall, observed 
spatial patterns were not consistent with initial predictions, but suggest fine-scale structure exists 
within populations.   
 
What inspired you to participate in undergraduate research? 
“I’ve always been interested in nature and the environment, so I thought that field work would  
suit me. Undergraduate research, and UNDERC in particular, appealed to me because I wanted 
to take what I had learned in the classroom and apply it in the field.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I learned about UNDERC through my advisor when I was a freshman, and immediately knew 
that it was something I would be interested in. When applications were made available my 
sophomore year, I applied right away. After I was accepted, there was a one credit course to take 
in the spring, followed by the ten week practicum that took place during the summer.”  
 
Where was your research experience located? 
“My research experience took place at the University of Notre Dame Environmental Research 
Center (UNDERC), which is located on the border of Wisconsin and the Upper Peninsula of 
Michigan.” 
 
What did you get out of your research experience? 
“I got to spend an amazing summer experiencing nature, learning about ecology, and conducting 
field work. I gained hands-on experience designing and executing my own experiment for which 
I wrote a scientific paper and created a presentation. It confirmed my interest in environmental 
research and exposed me to a lot of new areas within the field of ecology.”  
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The Role of the Fragile X-Related 1 (FXR1) Gene in Human Mammary Ductal Cancer Cell 
(HCC38) Proliferation 

  

Matthew Metzinger 
Major: Science Preprofessional Studies and Spanish Supplementary Major 

Advisor: David Piwnica-Worms, Department of Cancer Systems Imaging, Division of 
Diagnostic Imaging at The University of Texas MD Anderson Cancer Center 

Coauthors: Cory L. Lewis and Seth T. Gammon 
 

The Fragile X-Related 1 (FXR1) gene found on the 3q26 locus is often overexpressed in human 
cancers, in particular lung and breast cancers.  FXR1 has been shown in previous studies to up 
regulate H-Ras signaling.  We wish to understand whether short-hairpin RNA (shRNA) targeting 
FXR1 is selectively toxic to cancer cells.  To answer this question, optimization transfections 
were first completed in human mammary ductal cancer cells (HCC38s), human embryonic 
kidney cells (HEK 293Ts) and human mammary epithelial cells (HMECs).  These transient 
transfections provided the optimal ratio of plasmid DNA to both transfection reagent and number 
of cells.  The HCC38s were optimally transfected with 5 µL of 3:1 reagent:DNA transfection 
solution as reported 48 hours post-transfection (post-treatment with D-luciferin) by a luciferase 
assay with activity of 1.197x107 photons/second (+/- SEM of 1.325x106 p/s, p = 0.0003), the 
HEK 293Ts with 10 µL of 4:1 reagent:DNA transfection solution as reported by a luciferase 
assay with activity of 6.370x108 photons/second (+/- SEM of 3.215x107 p/s, p = 0.0111) and the 
HMECs with 10 µL of 3:1 reagent:DNA transfection solution as reported by a luciferase assay 
with activity of 1.877x106 photons/second (+/- SEM of 1.157x105 p/s, p < 0.0001).  Future 
experiments will be conducted in which FXR1 is knocked down by transfecting the HCC38s 
with shRNA and a BRET based assay will be used to quantify both apoptosis and decreased 
proliferation in the HCC38s.  Further studies will be necessary to determine if the FXR1 gene is 
a therapeutic target both in cancers with Ras mutations, such as pancreatic cancers where Ras 
inhibitors have failed, and cancers without Ras mutations, such as breast cancers. 
  

What inspired you to participate in undergraduate research? 
“When I was a freshman, I knew I needed to push myself outside of the classroom and knew 
undergraduate research would challenge me in a very unique and rewarding way.” 
 

How did you get your research position, and what preparation did you undertake for it? 
“I researched science professors’ biographies online and emailed Dr. Sharon Stack, the first 
professor on my list, and we met shortly thereafter to plan for my research experience the 
summer after my freshmen year.  The lab group was so welcoming and provided me with all of 
the training I needed and allowed me to get started on an incredible project right away.  They 
also were very supportive of my decision to participate in the MD Anderson CPRIT Summer 
Program this past summer.” 
 

Where was your research experience located? 
“The University of Texas MD Anderson Cancer Center in Houston, Texas” 
 

What did you get out of your research experience? 
“My summer experience allowed me to experience fully in translation cancer research at the one 
of the top cancer centers in the world.  My engaging research and shadowing experiences at MD 
Anderson greatly aided in the discernment of my future as a physician.” 
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Monitoring the Effect on C. elegans Serotonergic Neurons from Feeding  
with a Microfluidic Device 

 
James Miller 

Major: Physics in Medicine and Mathematics 
Advisor: David Biron, Dept. of Physics, University of Chicago 

Coauthors: Adam Brown, Monika Kauer, Yang Li 
 

Serotonin is a major signaling molecule that has been shown to control eating behaviors.  Due to 
the complexity of feeding behavior in larger animals, a simple model is needed to better 
understand the role of serotonin in this process.  The nematode C. elegans is a good model 
system due to its simple anatomy and tractable genetics.  In addition, C. elegans serotonergic 
pathways have been shown to be evolutionarily conserved. 
In order to temporarily control the availability of food, a new microfluidic device has been 
developed, which allows for precise and dynamic control of the concentration of available food.  
In comparison, food concentrations were not controlled accurately in previous measurements of 
C. elegans feeding. 
The overall goal of the experiments is to test the hypothesis that the serotonergic neurons ADF 
and NSM may regulate feeding in response to changes in the availability of food under different 
baseline feeding conditions.  One experiment measures the activation of ADF and NSM in 
response to changes in food concentration, and another experiment measures the effect on 
feeding rates in response to changes in food concentration for nematodes with NSM and ADF 
functionally silenced.  These results are expected to contribute to the understanding of the roles 
of these neurons in this simple model system. 
 
What inspired you to participate in undergraduate research? 
Undergraduate research was appealing to me because it allows me to obtain great experience and 
see how the scientific community searches for answers. 
 
How did you get your research position, and what preparation did you undertake for it? 
My research job was funded by the Glynn Family Honors Program.  I got into contact with my 
advisor, Dr. Biron, and we worked out our own program. 
 
Where was your research experience located? 
University of Chicago 
 
What did you get out of your research experience? 
My research experience gave me an exciting summer at the University of Chicago, new friends, 
and connections.  I gained a lot of experience in different laboratory techniques, performed some 
data analysis, and learned what it is like working full time in a research lab.  It was a great 
preparation for my future graduate studies. 
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Potential Mediators of Childhood Exposure to Violence and Health Problems in Young 
Adulthood 

 
James Moley 

Major: Science Preprofessional Studies 
Advisor: Laura Miller, Dept. of Psychology, University of Notre Dame 

Coauthors: Sarah E. Barnes, Kathryn H. Howell, Laura E. Miller 
 
While much research has been done to show the impact of childhood trauma exposure on the 
physical health of young children and adults, it is still unclear how exposure to violence at a 
young age affects the health of college-aged students.  We hypothesized that children exposed to 
trauma will show higher levels of physical health issues, and that this relationship is mediated by 
higher stress levels among this population. Participants included 385 college students from the 
Universities of Memphis and Notre Dame with a mean age of 19.22. Our analytic methodology 
showed, through a multiple regression analysis, that physical health issues were strongly 
correlated with experiences of childhood trauma. Moreover, the mediation of stress was 
significant in this relationship. Gender difference also played a significant role, however the two 
factors did not interact in a meaningful way. The support of our hypothesis shows the potential 
for improved identification and treatment of college students struggling with the physical effects 
of childhood trauma. These findings provide an opportunity for advanced intervention efforts 
that can work to enhance college communities by targeting the stress experienced by this 
population. Such intervention would strengthen college communities and promote the overall 
well-being of students. 
 
What inspired you to participate in undergraduate research? 
“I am fascinated by the inner workings of the mind, particularly as they relate to biological 
function and health. Research in psychology was the best way for me to explore this passion 
directly.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I was connected with my mentor, Dr. Miller, by a graduate student in another lab where I 
continue to work. I originally became involved in psychology research by applying to Dr. Jessica 
Payne’s SAM Lab after reading about her work online. I prepared for both labs by researching 
articles online and taking psychology courses.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“I learned how to analyze complex data sets and understand psychology on a deeper level. In 
addition, I learned the skill of preparing a professional presentation and had the privilege to work 
with and learn from some tremendous people!” 
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 PHASE I TRIAL OF VITAMIN D SUPPLEMENTATION IN CHILDREN WITH  
ASTHMA AND VITAMIN D INSUFFICIENCY 

 
James Mullen 

Major: Science Pre-Professional 
Advisor: Erick Forno, Division of Pulmonary Medicine, Allergy, and Immunology, Children’s 

Hospital of Pittsburgh of UPMC 
Coauthors: JM Brehm; JC Celedón 

 
In 2010 it was estimated that 1 in 11 children had asthma. Each day ~9 people die of asthma, 
costing the US $56 billion each year, which equates to about $1,039 for a year’s worth of care 
for an asthmatic child.  It is necessary to find a cheaper alternative treatment for asthma.  From 
previous studies it is known that Vitamin D insufficiency [a serum level 25(OH) D<30ng/ml] is 
associated with severe asthma exacerbations in children.  Yet, there are no randomized clinical 
trials assessing whether vitamin D supplementation leads to a reduction in severe asthma 
exacerbations in children. Prior to conducting this study, we need to determine the optimal 
dosage to achieve sufficient (≥30ng/ml) levels in children with asthma. We randomly split our 
sample into 3 treatment groups: a 200 IU/day, a 2000 IU/day, and a 4000IU/day. After 8 weeks, 
mean vitamin D levels were 29.7, 33.0, and 53.5 ng/ml for the three groups respectively. 
Compared to children receiving low doses, those receiving high doses achieved significantly 
higher levels at both 4 and 8 weeks (p<0.001).  Despite a small sample size we found that that 
4000 IU/day of vitamin D is superior to 2000 IU/day to safely achieve vitamin D sufficiency. 
The pilot study is ongoing, but based on these preliminary results we will likely conduct the 
main trial using 4000 IU and placebo as the treatment arms.  
 
What inspired you to participate in undergraduate research? 
“I have always had a fascination with science and medicine. This opportunity allowed me to 
work in the clinic with kids and in the research lab giving me both sides of the medical industry.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I have lived in Pittsburgh all my life and had used to volunteer in Children’s Hospital of 
Pittsburgh.  I was looking into summer research internship opportunities in Pittsburgh and 
stumbled about Children’s.  Once I got the news that I would be working in the Asthma lab I 
began to study current research regarding Asthma.” 
 
Where was your research experience located? 
“Children’s Hospital of Pittsburgh of UPMC” 
 
What did you get out of your research experience? 
“Besides the countless friends I made; I learned things like statistical programing and data 
analysis, process of conducting a clinical research, from the grant proposal process to the 
publication process.  Along with the research experience I learned about the day to day activities 
of a clinician, and the environment of a pediatric research hospital.” 
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Development of a Diastereoselective α-Alkenylation Reaction for the  
Synthesis of Concanamycin F 

 
Matthew O’Neill 

Major: Biochemistry 
Advisor: Paul Helquist, Dept. of Chemistry and Biochemistry, University of Notre Dame 

 Coauthors: Michael Grigalunas 
 
Expanding the scope of pharmacotherapeutics relies on the efficient synthesis of molecules that 
target specific cellular architecture. Our lab has recently developed a method for synthesizing 
β,γ-unsaturated carbonyls through palladium catalysis. Implementing this reaction as a putative 
methodology requires diastereoselectivity for the synthesis of complex, chiral molecules. A 
recent ligand screening precluded the use of a chiral catalyst in this reaction. We have proposed 
the use of substrate-induced selectivity as a way to circumvent this issue. It is anticipated that the 
use of chelating metals will promote a facial bias that will control the outcome of electrophile 
addition. The synthesis of Concanamycin F, a novel Vacuolar ATPase inhibitor, has been 
proposed to showcase this methodology. Vacuolar ATPase is a multimeric protein implicated in 
a number of cancers, osteoporosis, and Niemann-Pick Type C. This methodology will permit a 
more convergent route to this molecule and a number of analogues for the purpose of SAR 
studies.  
 
What inspired you to participate in undergraduate research? 
“Participating in undergraduate research has offered me a unique way to learn outside of the 
classroom. Asking questions and answering them in the lab is an intrinsically rewarding process 
that I have found very influential.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I have been a member of Professor Paul Helquist’s research group since October 2013. While I 
was visiting Notre Dame as a high school senior, I had sat in on his sophomore organic 
chemistry course. I had a chance to speak with him after the class, and then looked over his 
research during the summer before attending Notre Dame. In the fall, I inquired about a position 
in his lab. I prepared for this by reading many of the publications by chemistry professors at 
Notre Dame.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“My research has provided me with important experience as an independent thinker. I have seen 
myself mature very much over the past year, and I have made many new friends within the 
chemistry department. Staying at Notre Dame during the last summer to continue my research 
was one of the best experiences I’ve had.”  
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Isolation of the endogenous ligand of the HIF-2α PAS-B domain 
 

Joseph Ong 
Major: Chemistry 

Advisor: John MacMillan, Dept. of Biochemistry, UT Southwestern Medical Center 
 
Hypoxia-inducible factors (HIFs) are transcription factors that are upregulated when a cell is in a 
state of hypoxia (low oxygen). Among the downstream targets of HIFs are genes regulating 
metabolism and angiogenesis, making HIFs possible targets for cancer therapeutics. HIFs are 
heterodimers composed of an alpha unit (HIF-1α, HIF-2α, HIF-3α) and a beta unit (ARNT). Via 
x-ray crystallography, other laboratories previously observed an internal cavity within the PAS-B 
domain of HIF-2α1 and utilized this cavity as an allosteric surface to disrupt HIF dimerization 
with small molecules. These small molecule HIF inhibitors are currently being pursued for 
treatment of kidney cancer. involved in HIF-2 regulation. We have taken an unbiased approach 
in order to isolate this ligand by purifying the extracts from cow liver and rat kidneys and testing 
these extracts with a scintillation proximity assay (SPA assay).  
 
What inspired you to participate in undergraduate research? 
“I am interested in research because I’m interested in learning how the world works on the most 
fundamental level and applying that knowledge to understand and cure diseases. This summer, I 
wanted to try something new in a field I am not familiar with, and since I had already spent a 
summer here at ND, I wanted to go somewhere different. The SURF program at UTSW was a 
great way for me to be somewhere new and expand my research experience.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I heard about the UTSW SURF program in an email from the department and applied. Previous 
to this, I have been working in the lab of Dr. Holly Goodson here at ND for about a year.” 
 
Where was your research experience located? 
“UT Southwestern Medical Center in Dallas, TX” 
 
What did you get out of your research experience? 
“The SURF program was a great chance for me to try my hand at learning a new branch of 
chemistry and working independently. Since I didn’t have any previous experience in this field, 
it was a fun challenge to learn all concepts behind the science and to attend the seminars by 
various professors and doctors. With respect to chemistry, I made strong improvements in 
purification chemistry and interpreting NMR.” 
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Depletion of B-cells modulates the beryllium-specific CD4+ T-cell response in an HLA-DP2 
transgenic murine model of Chronic Beryllium Disease 

 
Ryan Phan 

Major: Science Pre-Professional and Anthropology 
Advisor: Andrew Fontenot, University of Colorado Anschutz Medical Campus 

Coauthors: Douglas Mack, Amy McKee, Allison Martin, Alex Tinega, Andrew Fontenot 
 
Chronic beryllium disease (CBD) is linked to HLA-DP molecules, including HLA-DP2. A 
subset of workers, who possess this major histocompatibility complex class II (MHCII) 
molecule, develop a beryllium (Be)-specific immune response when exposed to beryllium in the 
workplace. In a murine model of CBD, we noted that a large percentage of cells in the 
bronchoalveolar lavage of Be oxide-exposed HLA-DP2 transgenic (Tg) mice were B-cells. To 
delineate the role of B-cells in CBD, we depleted those cells by injecting an α-CD20 monoclonal 
antibody (mAb) prior to exposing HLA-DP2 Tg mice to oropharyngeal aspiration of Be oxide. 
As compared to mice injected with an isotype control mAb, α-CD20-treated mice exhibited 
depletion of B-cells, diminished CD4+ T-cell response to Be, decreased serum Immunoglobulin 
G, and significantly different lung pathology. These findings suggest that B- cells play a role in 
the generation of the Be-specific immune response. With this new knowledge, we come a step 
closer to fully identifying the immune response pathway for CBD and finding a cure translatable 
to humans. 
 
What inspired you to participate in undergraduate research? 
“As someone greatly interested in the science behind our medical approaches, performing 
research with clinical implications appealed to me.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“In late March last year, Dr. Kolberg sent out an email regarding the Colorado Undergraduate 
Summer Program (CUSP) at the University of Colorado Anschutz Medical Campus.  Each year, 
CUSP has an NIH grant specifically for a Notre Dame student to participate in their program.  I 
sent in an application and was fortunate enough to be selected for such an amazing program by 
both Dr. Kolberg and Dr. John Repine, the director of the program.” 
 
Where was your research experience located? 
“University of Colorado Anschutz Medical Campus in Aurora, Colorado” 
 
What did you get out of your research experience? 
“The special thing about the Colorado Undergraduate Summer Program is that it offers a 
combination of both research and clinical experience.  Aside from learning new lab techniques, I 
was able to complete a research project from beginning to end for the first time, planning out the 
experiment and analyzing the results.  Outside of research, I was given the opportunity to 
shadow my mentor, Dr. Fontenot, and also observe surgeries, all the while meeting amazing 
people from other universities around the country.” 
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Developing integration and extrapolation methods for no-core  
configuration interaction calculations 

 
Alexa Rakoski 
Major: Physics 

Advisor: Mark Caprio, Dept. of Physics, University of Notre Dame 
Coauthors: Mark Caprio 

 
A study of the states of light nuclei in the no-core shell model is limited by the size of basis for 
which calculations are possible, but the results for small, calculable bases can be extrapolated to 
larger basis size. To understand the properties of this extrapolation, one-dimensional models in 
the harmonic oscillator and Coulomb-Sturmian bases are explored because of the relative ease of 
calculations. Using a linear algebra approach to solving Schrodinger’s equation, the wave 
function can be determined in these models and observables such as energy and radius can be 
calculated. However, the integrals required for this process become cumbersome to evaluate 
using standard numerical methods for large basis size even in the one-dimensional model. 
Alternate numerical techniques are tested to determine the most effective in extending the 
calculations to larger basis size, and extrapolation methods within the model are explored. 
Supported by the US DOE under grant DE-FG02-95ER-40934 and the Research Corporation for 
Science Advancement under a Cottrell Scholar Award. 
 
What inspired you to participate in undergraduate research? 
I was considering graduate school as an alternative to working after graduation, so I wanted to 
learn what graduate school in physics might be like. 
 
How did you get your research position, and what preparation did you undertake for it? 
When I started looking for research I didn’t know what type of physics I wanted to study, so I 
asked Prof. Caprio (who was then teaching a course for the major) for advice. He had an 
undergraduate position open, and the topic was interesting, so I started working on it. Because it 
is a computational project, the majority of my preparation was learning how to code.  
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
I learned a lot about computational techniques, many of which are applicable to problems in all 
fields of physics. Additionally, I gained a more specific knowledge of nuclear physics than is 
usually taught at the undergraduate level. Most importantly, based on my experiences, I have 
decided to go to graduate school and pursue a career in research.  
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Tumor-Associated Macrophages (TAMs) Promote Epithelial-to-Mesenchymal  
Transition in Primary Breast Cancer 

 

Vincent Riccelli 
Major: Biological Sciences 

Advisors: Vera Donnenberg and Albert Donnenberg, University of Pittsburgh Cancer Institute, 
Hillman Cancer Center, Pittsburgh, Pennsylvania 

Coauthors: Jieming Zhang, Kristel S. Chatellier, University of Pittsburgh Cancer Institute, 
Hillman Cancer Center, Pittsburgh, Pennsylvania, Rohit Bhargava, Dept. of Pathology, Magee-

Womens Hospital, Pittsburgh, Pennsylvania 
 

Tumor stem-like cells have been linked to tumor metastasis and epithelial-to-mesenchymal 
transition (EMT) at the invasive front of primary breast cancer. It has been proposed that these 
cells interact with tumor-associated macrophages (TAM) to induce EMT in invasive 
adenocarcinoma. Here we use flow cytometry and immuno-histology to characterize stem-like 
tumor cells and the TAM-tumor interaction. 

 

Flow cytometry on whole tumor sections was used to examine stem-like tumor cell 
subpopulations for stem cell markers CD90, CD73, and CD44. Immunofluorescent staining 
performed on serial paraffin sections from normal and adenocarcinomatous tissues was used to 
localize and enumerate TAMs, CD90+/cytokeratin-, CD90+/cytokeratin+ and CD90-
/cytokeratin+ subpopulations. 

 

In adjacent normal breast, CD90+/CTK+ cells are absent or rare.  In DCIS, TAMs are present, 
CD90+/CTK+ cells are rare, and TAMs do not invade tumor cell clusters. In invasive 
adenocarcinoma, TAMs appear at the interface between CD90+ stem-like cells and CTK+ tumor 
cells, and are positively correlated with abundance of CD90+/CTK+ cells, suggesting that TAM 
infiltration is involved in EMT. In flow-analyzed primary tumors, TAM abundance tended to 
increase with the abundance of stem-like tumor cells. Taken together, the data presented provide 
a rationale to perform live TAM-tumor co-culture experiments. 

 
What inspired you to participate in undergraduate research? 
“I was excited for an opportunity to apply some of the information that we spend so much time 
in our biology and chemistry classes learning in a practical setting. It is a great opportunity to 
practice problem-solving skills.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“During freshman spring semester, I sent out a variety of emails to researchers in Pittsburgh, my 
hometown, hoping to find a position in one of their labs. I was fortunate enough to find Dr. 
Donnenberg, who specifically looks to give opportunities to students from the greater Pittsburgh 
area. I came into the experience knowing little to nothing about cancer biology, and prepared by 
reading several of Dr. Donnenberg’s earlier publications, and asking questions and listening 
attentively at lab meetings. I enjoyed working there so much that I returned to work full-time in 
the lab last summer.” 
 
Where was your research experience located? 
“Hillman Cancer Center, University of Pittsburgh Cancer Institute, Pittsburgh, Pennsylvania” 
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What did you get out of your research experience? 
“No lack of excitement—managing six cell lines all at once while simultaneously staining and 
imaging tissues means that there is never a dull moment in lab. I also gained valuable experience 
in practical problem solving, very often on the fly. Most importantly, I made some outstanding 
friendships and connections in Pittsburgh that I would never have made if not for my research 
experience.” 
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Surface-enhanced Raman detection of carbohydrates 
 

Colleen Riordan 
Major: Biochemistry 

Advisor: Zachary Schultz, Dept. Chemistry and Biochemistry, University of Notre Dame 
 

Raman spectroscopy is a useful analytical tool for biomolecular characterization.  
Differences in the structure of glycans, or carbohydrates in the human body, correlate to distinct 
functions, necessitating accurate identification.  Isomeric structures of carbohydrates are difficult 
to identify by many methods; however, Raman spectra provide distinct spectra associated with 
subtle changes in chemical structure.   The Raman effect is weak as only 1 out of 1013 photons 
Raman scatter, so surface-enhanced Raman spectroscopy was developed as a way to increase 
signal in order to collect more chemical specific information.  SERS uses metal nanostructures, 
which are irradiated with a laser at their plasmon resonance frequency, resulting in enhancements 
of up to 1013 in the Raman scattering of the molecules of interest on the surface.  Even though 
this method has advantages over Raman scattering, there are still drawbacks, as nanostructures 
only interact with molecules that are within a few nanometers of the surface, and it can be 
difficult to obtain reproducible signals using SERS.  Recent work in the Schultz lab has led to the 
development of a flow cell which uses a sheath flow to force the analyte close to the surface of 
the nanostructures, leading to increased sensitivity and reproducible signals when working with 
analytes in solution.  This summer, work has been done to show that simple sugars acting as 
model carbohydrates can be detected using the flow cell, both with a normal SERS substrate and 
with SERS substrates functionalized using a self-assembled monolayer of decanethiol and 
mercaptohexanol.   The end goal of this project is to identify specific glycans based on their 
Raman spectrum by using the developed SERS flow detector.     
 
What inspired you to participate in undergraduate research? 
“I have always been interested in research, in the opportunity to answer a question that no one 
else has.  Also, my current goal is a PhD in biochemistry, so undergraduate research is a great 
preparation for my goals.    
 
How did you get your research position, and what preparation did you undertake for it? 
“Dr. Schultz presented in my sophomore biochemistry seminar, and I was very interested in the 
work that his lab was doing, so I asked if he had any room in his lab.  In preparation, I read 
recent articles from his group and background reading on Raman and SERS he provided.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“I received a grant to spend the summer researching at Notre Dame, and gained valuable 
experience in research, which hopefully has helped to prepare me for graduate school in the 
future.  Spending every day focusing just on my research was a great opportunity.”
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Discrepancies in Nuclear Reaction Cross Sections and Implications for Stellar 
Nucleosynthesis 

 
Brandon Roach 
Major: Physics 

Advisor: Mary Beard, Dept. of Physics, University of Notre Dame 
 
An understanding of the nuclear processes occurring within stars is essential for understanding 
the abundance of elements in the universe. Physicists use nuclear accelerators to determine the 
cross section σ of a reaction of astrophysical interest, which is related to the probability of that 
reaction occurring. Cross sections are functions of energy (i.e. the temperature of a star’s core), 
and the rate at which a particular reaction occurs, and hence its energy output, are proportional to 
σ. This research was motivated by work done by Bowers et al at Notre Dame, which found the 
reaction 33S(α,p)36Cl had a much higher cross section than the statistical computer models had 
predicted – in most cases, it is the statistical model which overestimates the experimental data. 
Since most nuclear reactions have not been studied experimentally, an accurate computer model 
is essential for analyzing most stellar burning processes which cannot be simulated in the lab. I 
analyzed other (α,p) and (α,n) reactions with similar target masses. Upon comparing the 
experimentally-determined cross sections from the IAEA’s EXFOR database against the 
predicted values from the CIGAR statistical model, I found several exhibiting a similar 
discrepancy. If correct, these results could indicate an inaccuracy in the computational model for 
fusion reactions, which could negatively affect stellar reaction rate calculations. We are currently 
working to confirm the statistical significance of these results, and to find a theoretical 
explanation for the underestimation effect in the statistical model CIGAR code.  
 
What inspired you to participate in undergraduate research? 
“Speaking with my freshman-year physics professors about their research, as well as visiting the 
accelerator laboratory in Nieuwland for the first time and hearing fellow undergrads discuss their 
work.”  
 
How did you get your research position, and what preparation did you undertake for it? 
“I discovered that finding research opportunities in the Physics Department is actually very 
simple. After meeting with Professor Beard to discuss her nuclear astrophysics research, our 
DUS was able to formalize the research arrangement. Since our code is written primarily in 
FORTRAN, I worked with Professor Beard for several weeks learning the language.” 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
“A working understanding of nuclear reactions, some proficiency in FORTRAN, and the 
opportunity to collaborate on a potential paper. However, our research is ongoing, and I look 
forward to what the future will bring.” 



	   54	  

Prevalence of Symptomatic Avascular Necrosis and the Operative Treatment in Adult Patients 
with Sickle Cell Disease 

 
Sarah Russel 

Major:  Physics in Medicine 
Advisor: Morey Blinder, Dept. of Internal Medicine, Washington University in St. Louis 

Coauthors: Morey Blinder and Mikala Barnes 
 
Sickle cell disease (SCD) is complicated by widespread tissue and organ damage, including 
avascular necrosis (AVN) of the bones.  Although common in shoulders and hips, the prevalence 
of symptomatic AVN and optimal management for this disease has not been well defined.  
Furthermore, the overall effect of operative treatment on pain episodes requiring hospitalization 
is unknown.  The aim of this study is to retrospectively examine the prevalence of symptomatic 
AVN in adult SCD patients and assess the effects of surgical therapy.  To be included in the 
study, all patients have confirmed SCD and have been seen at least once since 2011.  Patients 
with onset or worsening hip or shoulder pain underwent imaging studies, and the 
presence/absence of radiographic evidence of AVN was used to determine the prevalence.  The 
medical record was reviewed to identify patients with orthopedic procedures for AVN.   This 
study confirmed that symptomatic AVN of hips and shoulders is a frequently occurring 
complication for SCD patients.  This data supports the role for joint replacement surgery as an 
effective treatment to improve joint function with a low risk of complications. However, 
hospitalizations for other complications of SCD, particularly sickle cell related pain, continue to 
occur, and strategies for preventing AVN remain to be defined. 
 
What inspired you to participate in undergraduate research? 
I have always been a curious, questioning person, so I was thrilled to have the opportunity to 
answer my own burning questions through research. 
 
How did you get your research position, and what preparation did you undertake for it? 
In the summer of 2013, I utilized the Notre Dame alumni network to find shadowing 
opportunities.  Dr. Blinder invited me to shadow him for a day and then proceeded to invite me 
to assist in a small research project that summer.  After completing a manuscript with him, he 
invited me back to work with him on a larger, more independent project this past summer. 
 
Where was your research experience located? 
Washington University School of Medicine in St. Louis, Missouri. 
 
What did you get out of your research experience? 
I learned about the work environment in academic medicine, and I gained great friends along the 
way.  I also discovered the differences between conducting clinical research versus bench 
research.  Patients certainly add an interesting dynamic not found in bench research! 
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Understanding Phenotypes of Lung Cancer Using TCGA 
 

Edel Sah 
Major: Biology and Applied Math and Stats 

Advisor: Meeta Pradhan and Mathew Palakal, School of Informatics,  
Indiana University-Purdue University 

 
The Cancer Genome Atlas (TCGA), a coordinated effort organized by NCI, is one of the largest 
public sources with comprehensive patient data on over 30 different types of cancer from over 
6000 patients. As many recognize that multi-level data analysis is critical for translational 
research, many researchers are using this data to discover correlations between biological and 
clinical data. In this study, we investigated the predictive power of clinical features for 
discriminating stages for lung adenocarcinoma, a common type of lung cancer that affects over 
40% of lung cancer patients. With R, an open source statistics programming language, we 
performed Principal Component Analysis (PCA) to visualize separation of data. Also, with 
features that showed separation in data, hierarchical clustering was performed. Our study 
indicates that there are discriminating clinical features that are present in Stage I – Stage IV in 
lung cancer. This analysis will help to associate related genes across various stages for obtaining 
stage-wise, phenotypic-genotypic associations in lung cancer. 
 
What inspired you to participate in undergraduate research? 
“I like the process of asking questions and applying our knowledge to answer those questions. 
Undergraduate research is a great way to do so. As a Biology and ACMS double major, I really 
wanted to get involved in this research opportunity, which had strong links to both fields.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I received an email from Dr. Chaloner about this opportunity. After going through the 
application process for ICTSI, I received funding from CTSI and University of Notre Dame.” 
 
Where was your research experience located? 
“Indiana University-Purdue University” 
 
What did you get out of your research experience? 
“From this interdisciplinary research, I have learned how to apply my knowledge from multiple 
different areas. It was exciting to see how knowledge from informatics and biology could be 
combined to conduct research.” 
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Schematic Analysis of one and two-level nuclear shell model  
 

Jason Saroni 
Major: Physics 

Advisor: Mark Caprio, Dept. of Physics, University of Notre Dame 
 
In the nuclear shell model, nuclei with several nucleons outside closed major shells have a 
prominent short-range residual interaction which can approximately be accounted for through 
pairing forces and deformation-inducing quadrupole forces. The forces are considered in a 
valence space of one and two shells for pairing and the Hamiltonian expressed in spherical tensor 
product form for the ArbModel code. The matrix elements for quadrupole- quadrupole 
interactions are given. The ultimate goal is to map out the competition between pairing and 
quadrupole forces. 
 
 
What inspired you to participate in undergraduate research? 
I love doing physics out of class. 
 
How did you get your research position, and what preparation did you undertake for it? 
My advisor used to be my Math Methods teacher. I read about his work on the Notre Dame 
physics website and tried to learn the tools required to do what he does. He gave me advise on 
what to learn and I started with my research position during an REU program.  
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
 
“Doing research in nuclear theory is completely transforming the way I approach problems. I 
now take every problem seriously no matter how trivial it is because large pitfalls occur with 
basic mistakes.” 
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Identifying Antimutator Genes in Escherichia coli 
 

Christopher Sausen 
Major: Biochemistry 

Advisor: Patricia Foster, Dept. of Biology, Indiana University 
Coauthors: Brittany Niccum 

 
 

One cause of instability in the genome is imperfect DNA replication and repair, which produces 
mutations in the next generation. The mutation rate in an organism can be lowered by specific 
mutations to certain genes, known as antimutator genes. In a mutation accumulation experiment 
using highly mutating strains of Escherichia coli, several lines were identified that exhibited a 
reduced mutation rate relative to their parental strain. To identify antimutator genes in these 
lines, gene candidates were deleted in the high mutator parental strain background. Fluctuation 
assays were then performed on the constructed strains to determine their mutation rate. A 
decrease in the mutation rate was produced when mfd was deleted in preliminary tests. The gene 
mfd encodes a transcription-coupled repair factor responsible for a previously described mutation 
frequency decline phenomena. To determine if the mfd deletion is necessary and sufficient for 
the hypothesized antimutator effect, a wild-type allele of mfd was transduced into the line with 
the lowered mutation rate. The mutation rate was not observed to significantly increase after 
wild-type mfd insertion, suggesting that mfd is not sufficient for the decrease in the mutation rate. 
The lowered mutation rate of the lines could be due to multiple genes, possibly in a synergetic 
fashion. 
 
What inspired you to participate in undergraduate research? 
“I am eager to help fill in gaps in knowledge, and to find solutions to complex problems. 
Undergraduate research gave me an opportunity to use what I have learned in the classroom and 
apply it in the laboratory.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I applied for an Undergraduate Research Apprenticeship Program funded through the 
Department of Defense. After I received acceptance, my supervisor suggested I read scientific 
literature to become acquainted with the research before I arrived for the summer.” 
 
Where was your research experience located? 
“Indiana University” 
 
What did you get out of your research experience? 
“Through my experience I gained mentorship in formal research and learned many new 
techniques. It was great experience for my future graduate work, and confirmed for me my 
choice to apply to graduate school. Also, my experience was very enjoyable, as I was able to live 
in and explore a new city.” 
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Obesity Increases Inflammatory Response of Human Alveolar Macrophages to TLR Ligands 
and Influenza Virus 

 
Katie Serody 

Major: Science Pre-professional Studies and Psychology 
Advisor: Jieru Wang, Dept. of Pulmonology, Pediatric Division,  

Children’s Hospital of Pittsburgh 
Coauthors: Jieru Wang, Hongbo Zhang, Lina Zhao, Shuangquan Liu 

 
 
Levels of obesity in the United States are on the rise, with over 30% of Americans being obese.  
Obesity is closely linked to an increased risk of infection as well as increased inflammation in 
the airways.  In order to determine how obesity creates an inflammatory profile and mediates 
respiratory diseases in the lungs, the response of human primary alveolar macrophages from lean 
and obese donors were compared.  Levels of pro-inflammatory cytokines like TNF-α and IP-10 
secreted by alveolar macrophages in response to treatment with influenza virus and TLR ligands 
were examined.  Basal levels of expression of toll-like receptors and important immune 
molecules by alveolar macrophage were further studied.  Overall, it was found alveolar 
macrophages express TLR receptors and important immune related molecules. Alveolar 
macrophages from obese donors release more pro-inflammatory chemokine IP-10 than 
macrophages from lean donors.  Obese macrophages release increased amounts of TNF-α in 
response to treatment with TLR 2 and TLR 4 ligands, and secrete more IP-10 in response to 
virus.  This data suggests that obesity might enhance the proinflammatory response to respiratory 
bacterial and viral infections. Mechanism studies on the impact of obesity on respiratory 
infections are needed. 
 
 
What inspired you to participate in undergraduate research? 
I hope to one day go to medical school and become a pediatrician.  Because of my interest in 
medicine, I was drawn to undergraduate research opportunities, especially undergraduate 
research with direct implications of health and medicine.  As I learned this past summer, the best 
doctors know what’s happening and developing in the research arena, and I wanted to be a part 
of these exciting new develops.    
 
How did you get your research position, and what preparation did you undertake for it? 
I researched online for undergraduate research opportunities in the Pittsburgh area, and stumbled 
upon a true gem in the Summer Research Internship Program at Children’s Hospital of 
Pittsburgh.  I was initially drawn this program because of its integration of bench research with 
clinical shadowing experience.  I decided to apply for it, and was thrilled when I found out that I 
was one of 37 selected summer interns.  While there was not much preparation before I started 
working at Rangos Research Center aside from filling out basic work forms, once there, I spent 
several weeks preparing myself to begin work on my project by reading research papers, 
attending molecular medicine seminars, and shadowing other members of my lab as they worked 
on their own experiments.   
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Where was your research experience located? 
Children’s Hospital of Pittsburgh, University of Pittsburgh in Pittsburgh, Pennsylvania 
 
 
What did you get out of your research experience? 
For me, this experience taught me so much not just about alveolar macrophages, but about 
scientific research as a whole as well as determination and work ethic.  It gave me a small taste 
of a field that greatly interests me and that I hope to one day purse a career in.  I learned not only 
how to conduct experiments, but also how to present data in a professional manner and conduct 
myself at a research symposium.  Perhaps most importantly, I learned how important it is to 
constantly ask questions.  At the beginning of my internship, I found myself thrown into a field 
that I knew very little about.  However, as time went on, I learned to not be afraid to ask 
questions and I realized the importance of asking questions in generating novel ideas.  This was 
my first research experience, and it was a great way to dive into research and medicine! 
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Hypogravity Induces Vascular Atrophy in Rodent Hind Limbs 
 

Christina Shrefler 
Major: Biological Sciences 

Advisor: Ronald Midura, Dept. of Biomedical Engineering, Cleveland Clinic Foundation Lerner 
Research Institute 

Coauthors: Mark Biro, Amit Vasanji, N. Patrick McCabe, Caroline Androjna, Ronald Midura 
 
Spaceflight experience has established that hypogravity induces skeletal muscle atrophy 

in the legs, and that this sarcopenia is associated with atrophy of the vascular supply 
serving these muscles. However, alterations in bone-associated vasculature have not 
been addressed as thoroughly largely due to difficulty assessing vessels encapsulated in bone 
tissue. 

Hind Limb Unloading (HLU), a NASA accepted ground-based spaceflight simulation rat 
model, was used to test the hypothesis that hypogravity mediates reductions in vascular supplies 
serving lower leg bone sites that may contribute to hypogravity induced osteopenia, and help 
explain prolonged bone strength recovery times upon return to weight bearing status. Three 
groups of rats were used including a baseline group, a 4-week weight bearing (WB) group, and a 
4-week HLU group. To assess HLU effects on the hind limb vascular system a novel ex 
vivo method of micro-CT angiography was used to compare changes in vasculature between WB 
and HLU rodents. 

Results reveal a decrease in overall vascular volume in 4 week HLU rat hind limbs 
including those associated with bone tissue.  Two dimensional histomorphometry using hind 
limb tissue sections is underway to confirm these 3D results and assess whether alterations 
occurred in micro-vessels too small to be detected by micro-CT (20 micron spatial resolution). It 
is anticipated that HLU exposure should also result in decreases in micro-vessels. 
 
What inspired you to participate in undergraduate research? 
“I love the hands-on nature of labs classes like chemistry and biology and was eager to 
experience and understand how new biomedical knowledge is generated.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“This spring I emailed the Midura Lab expressing interest in their research and was offered a 
volunteer position for the summer.” 
 
Where was your research experience located? 
“The Cleveland Clinic Foundation Lerner Research Institute” 
 
What did you get out of your research experience? 
“I gained a lot of knowledge about data analysis using ImagePro software, as well as problem-
solving skills that developed as I deduced the correct parameters for data collection.” 
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Isolation of Antimicrobial Compounds from Red Oak (Quercus rubra L.) Acorns 
 

Robert Stanley 
Major: Biochemistry 

Advisors: Jeanne Romero-Severson, Shaun Lee, Dept. of Biological Sciences, and Viktor 
Krchnak, Dept. of Chemistry and Biochemistry, University of Notre Dame 

Coauthors: Clayton Thomas 
 
Every year over 75,000 people become infected with Methicillin-resistant Staphylococcus 
aureus (MRSA) in the US alone. These bacterial infections are resistant to most current 
antibiotics, and are developing resistance to others faster than new antibiotics are being 
produced. This loss of viable antibiotics has caused researchers to revisit traditional sources of 
antimicrobial compounds; plants, animals and fungi. This research project is focused on 
investigating new antimicrobial compounds from the acorns of the northern red oak (Quercus 
rubra L.). Extracts of powdered acorns in water, ethanol, and ethyl acetate have all demonstrated 
activity against a variety of bacteria including MRSA and streptococcus sp. We have partially 
purified the ethanol extract through multiple High Pressure Liquid Chromatography (HPLC) 
separations. These fractions have been tested for antimicrobial activity, and the most active 
portions have been further purified. Analytical data was recorded through Liquid 
Chromatography Mass Spectroscopy (LCMS) and Nuclear Magnetic Resonance (NMR). 
Multiple fractions of the ethanol extract have shown strong inhibition of MRSA implying that 
there are multiple antimicrobial compounds.  Future work will focus on isolating the active 
compounds and devising a method of synthesis. 	  
 
What inspired you to participate in undergraduate research? 
I always wanted to “do science” to actually participate in real research and discover things that 
no one has ever known. Also my professor is awesome, and after meeting her, I wanted to be 
part of her lab.   
 
How did you get your research position, and what preparation did you undertake for it? 
I have been a member of the Romero-Severson lab since the spring of 2013. I emailed my 
professor after meeting her at the undergraduate research networking dinner. After working for a 
year assisting graduate students with genetics work, my professor and I brainstormed potential 
biochemistry projects and we came up with my current project. 
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
I had an awesome time at Notre Dame during the summer; it is the one time of year without the 
South Bend permacloud. I was able to conduct interdisciplinary research, gain valuable research 
expeience, and learn many new techniques. I also was a T.A for organic chemistry labs during 
the summer, and that combined with research gave me a window into the world of graduate 
students. My research experience this summer provided a solid basis for my future in research 
and graduate studies.  
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Read-through drugs facilitate full-length Asxl1 expression to overcome nonsense mutation-
induced protein truncation 

 
Adam Stepanovic 

Major: Science Preprofessional 
Advisor: Feng-Chun Yang, Dept. of Pediatrics, Indiana University School of Medicine 

 
The Additional sex combs-like 1 (ASXL1) gene is mutated with high frequencies in various 
myeloid malignancies and Bohring-Opitz Syndrome.  ASXL1 mutations are also markers for poor 
prognosis in patients with myelodysplastic syndrome (MDS), acute myeloid leukemia (AML), 
and chronic myelomonocytic leukemia (CMML). The majority of these gene alterations are 
frameshift and nonsense mutations located in exon 12, which can lead to truncation of the 
translated protein. Premature termination codon read-through drugs have the potential to 
overcome nonsense mutation associated truncations, resulting in a full-length, yet functional 
ASXL1 protein.  We screened four different drug candidates to examine their effectiveness at 
reading through a nonsense mutation of mouse Asxl1 (Y588X to mimic Y591X, a high 
frequency mutation in human ASXL1). Our data indicate that Gentamicin and G418 can 
facilitate read-through of the premature stop codon (Y588XTGA) in Asxl1, inducing full-length 
Asxl1 expression.  It is also noteworthy that Gentamicin and G418 do not read through the 
naturally occurring stop codon. Co-immunoprecipitation studies demonstrate that gentamicin 
treatment attenuates H3K9me3 binding capability in HEK293T cells with mutant Asxl1.  
Altogether, this study provides strong evidence that premature stop codon read-through can be a 
novel therapeutic strategy for patients with ASXL1-related myeloid malignancies. 
 
What inspired you to participate in undergraduate research? 
My time in Dr. Schafer’s tumor cell biology class really peaked my interest in cancer research.  
Cancer is such an incredibly complex disease, and the work being done in the field of cancer 
research is fascinating. 
 
How did you get your research position, and what preparation did you undertake for it? 
Dr. Chaloner e-mailed me about a summer research opportunity through the Indiana Clinical and 
Translational Sciences Institute.  This program selects four Notre Dame Students and four IUPUI 
students to do translational research in Indianapolis for the summer.  I did not need any prior 
research experience. 
 
Where was your research experience located? 
Indiana University School of Medicine 
 
What did you get out of your research experience? 
I really loved being able to finally see what goes on behind the scenes of a published paper in 
cancer research.  I can now fully appreciate all of the hard work that goes into one single paper 
with four small figures.  I also learned so much about various types of myeloid malignancies and 
some possible treatment strategies. 
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Cerium Incorporated ZSM-5 & ZSM-12’s for the Conversion of Biomass Model Compounds 
to Chemicals 

 
Kwan Lai Leon Tong 

Major: Chemical Engineering 
Advisor: Jason Hicks, Dept. of Chemical & Biomolecular Engineering,  

University of Notre Dame 
 
Fossil fuels are widely used in the energy sector especially for transportation and the generation 
of electricity. However, reliance on fossil fuels leads to several consequences including CO2 
emission, which would cause environmental damages. To solve this problem, scientists and 
engineers have been trying to find renewable energy sources. One of the renewable energy 
sources is biofuels derived from biomass.  First generation biofuel is derived from corn. A good 
example is ethanol. An alternative feedstock is lignocellulosic biomass, which is composed of 
cellulose, hemicellulose and lignin.  Zeolites can be used as catalysts to convert these diverse 
feedstocks into fuels and chemicals by increasing the yield and selectivity to aromatic products. 
They can easily be integrated into existing petroleum refineries and are versatile for different 
types of lignocellulosic biomass feedstocks.1 My research focuses on the performance of cerium 
incorporated ZSM-12 and ZSM-5. Both zeolites have different frameworks, pore structures and 
pore sizes. The main chemical property that enables zeolites to improve the selectivity of the 
aromatic products upgrade is their catalytic acid sites. Using catalytic fast pyrolysis, biomass 
feedstocks can be effectively converted into desired aromatic products under rapid heating to 
temperature between 400 to 700 oC in the absence of oxygen.  The products are subsequently 
analyzed using gas chromatography and mass spectroscopy. The results show that the four 
different catalysts (ZSM-5, Ce-ZSM-5, ZSM-12, Ce-ZSM-12) all have a different yield and 
selectivity with respect to the biomass feedstock.  
 
What inspired you to participate in undergraduate research? 
The study of catalysis has always been my interest since I completed my high school Chemistry 
thesis on Monophenolase on the browning process of apples. Coincidentally, Professor Hicks’ 
group also focuses on catalysis and its application on renewable energy like biofuel. 
 
How did you get your research position, and what preparation did you undertake for it? 
I contacted Professor Hicks through email and he agreed to meet up with me to discuss about his 
research group and the potential project I would be undertaking. He also recommended me to 
apply for the 2014 Slatt Fellowship for funding for my research and stipend during the summer 
 
Where was your research experience located? 
“University of Notre Dame” 
 
What did you get out of your research experience? 
I was exposed to different analytical chemistry techniques and specialized organic chemistry 
theories that are pertinent to biofuels. Those are the knowledge that is not covered in classes. I 
also got to know the graduate students in the group better and Professor Hicks through weekly 
group lunch. The most rewarding part is that it allows me to see whether graduate school would 
be a fit for me in the future.  
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Role of Myosin Light Chain Phosphorylation Sites in Arf6 Mediated Regulation of Tumor 
Cell Invasion  

 

Kristen Tripicchio 
Major: Biochemistry 

Advisors: Drs. Crislyn D’Souza-Schorey and Alanna Sedgwick, Dept. of Biological Sciences, 
University of Notre Dame 

 

The ability for cancer cells to invade through basement membranes and the extracellular matrix 
is an important step in cancer metastases. Given the emerging importance of circulating tumor--
derived microvesicles in invasion as well as their potential to serve as platforms for biomarkers, 
there is considerable interest in understanding the mechanisms that lead to their biogenesis. 
Previous studies have established that budding and release of microvesicles from the surface of 
tumor cells is modulated by actin-myosin based contraction. In addition, contraction of the actin-
myosin machinery is facilitated by activation of the small GTP-binding protein, ARF6, which 
enhances ERK signaling that in turn promotes the phosphorylation of myosin II light chain 
(MLC). Unexpectedly, in cells expressing ARF6 dominantly inhibitory mutants, phospho-MLC 
levels are also increased. This latter event occurs via protein kinase C (PKC) signaling.  To better 
understand the relevance of PKC-mediated MLC phosphorylation, site-directed mutagenesis was 
utilized to generate MLC mutants that were phosphomimetic or non-phosphorylatable at the 
potential inhibitory and activating MLC and the effect on microvesicle shedding and invasion 
was examined. Thus plasmids encoding these mutants were transfected into melanoma cells co-
expressing either constitutively activated, ARF6, and inactive ARF6-GDP mutants.  To 
complement the above studies, ARF6-GDP cells were  also treated with pharmacological PKC 
inhibitors and assayed for microvesicle shedding and cell invasion.  It was found that mutating 
regulatory sites can significantly reduce microvesicle shedding in ARF6-GTP

 

cells and that this 
also has  a dramatic effect on cell invasive capacity. These findings are preliminary, yet could 
suggest important information on the biogenesis and release of tumor microvesicles. 
 

What inspired you to participate in undergraduate research? 
I have always really loved problem solving and its application in science. Early in my undergrad 
career, I was interesting in pharmaceutical research as a lifetime career and wanted to explore 
what research entails. 
How did you get your research position, and what preparation did you undertake for it? 
 I started looking for positions in labs as a second-semester freshman for my sophomore year. I 
sent out several emails detailing my past science lab experiences, my major, and my interest in 
the labs. Often times this does not yield any results. I subsequently sent more emails over the 
summer and called and visited professors offices to show my interest. Finding research positions 
has a lot to do with timing, so it is important to show interest and not give up. It is also handy to 
have a resume that you can send along with your emails to show your qualifications.  
Where was your research experience located? 
University of Notre Dame, Galvin Life Sciences Building 
What did you get out of your research experience? 
The summer research experience was really beneficial. I learned how to troubleshoot, use the 
literature to aid and adjust protocols, analyze confusing results, and approach things in a 
systematic, logical manner. I also learned a great deal of patience! The logical, analytical, and 
systematic aspects of working in a lab can really translate well to any future path whether that is 
graduate school, professional school, or science-unrelated.  
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Modulating epidermal growth factor receptors via small targeting peptides 
 

Adrienne Voelker 
Major: Chemistry 

Advisor: Brian Ceresa, Dept. of Pharmacology and Toxicology, University of Louisville 
Coauthors: Luís Neves 

 
The epidermal growth factor receptor (EGFR) is overactive in many carcinomas. EGFR is 
studied in the endocytic pathway to better understand the effect of a small Sprouty2-derived 
peptide on the rate of degradation, which impacts cell proliferation and wound healing. 
Liposomes were synthesized and peptide (FITC-Ahx-IRNTNE{pTYR}TEGPTV) was 
encapsulated in the liposomes. Liposomes were incubated with the S2VP10 human pancreatic 
cancer cell line. S2VP10 cells were also treated with digitonin to permeabilize the membrane and 
incubated with peptide at different concentrations. EGFR degradation levels upon EGF ligand 
stimulation at time points were measured through immunoblotting. Dynamic Light Scattering 
(DLS) and spectral evaluation of the liposomes confirm that synthesis and encapsulation of the 
peptide was successful. Fluorescent microscopy shows the efficient delivery of the peptide into 
the cell by liposomes. EGFR activity levels do not suggest an effect induced by the liposomes. 
The methodology used for synthesis and peptide encapsulation was successful. Liposomes are an 
effective method of delivering the peptide into the cell in a controlled, targeted manner. Western 
Blot results do not reveal a significant effect of the peptide on EGFR activity levels in the cells. 
Future experimentation is required to determine the efficacy of the peptide. 
 
What inspired you to participate in undergraduate research? 
“I love being able to make a positive impact by learning new things about cancer. Cancer is such 
a multi-faceted topic that is consistently being researched, and I wanted to be a part of that 
effort.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“My research was through a cancer education program I did this summer. I applied for the 
position in early February and was allowed to choose a mentor based on my personal interests. I 
got my position based on my plans to pursue cancer education in the future. Through the 
program, I learned how to further my career and pursue cancer research. My research was funded 
by the NCI R25 grant through University of Louisville.” 
 
Where was your research experience located? 
“University of Louisville” 
 
What did you get out of your research experience? 
“An exciting summer in which I met new friends and new mentors! I learned about cancer 
research as a profession, how to choose a graduate school and graduate program, and how to 
write scientifically. My research experience this summer taught me how to approach graduate 
studies and cancer research later in life.” 
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Construction of a new, higher pressure Ionisation Chamber Detector for the detection of 
Zirconium – 93 

 

Sam Wallen Russell  
Major: Nuclear Astrophysics  

Advisor: Philippe Collon, Dept. of Physics, University of Notre Dame 
 

For the AMS group at the University of Notre Dame, a new, higher-pressure ionization chamber 
needed to be designed for use on separating Zirconium-93 and Niobium-93. AMS is Accelerated 
Mass Spectrometry, which is used to separate isobars out, thus being able to detect certain low 
abundance isobars. Normal Mass Spectrometry separates due to Mass/Charge ratio, but this 
doesn't separate isobars. AMS uses different techniques to separate these isobars, one being a gas 
filled magnet. The path of an ion through a gas is proportional to its proton number, thus when 
taking a curved trajectory, the isobars can be separated. At the moment, in the east target room, 
there is an ionization chamber detector which works on the principle of the ion beam ionizing the 
gas in the detector and collecting the electrons from the ionization to produce a signal. The 
problem with the gas filled magnet is that at high mass numbers it doesn't split the isobars up as 
much. So another technique is needed. That is having a higher-pressure detector and by tracking 
the energy loss against distance travelled in the detector, the different isobars can be deduced by 
looking at the “bragg curve” of each isobar. The higher pressure is needed to stop the ions with 
greater energy in the detector and to see the whole Bragg curve. A new detector was designed to 
be used to measure the abundance of Zr-93. The detector is just in the testing stages, so results 
for the Zirconium itself are yet to be found. Zr-93 is the longest lived isotope of Zirconium and is 
needed to be measured as it is integral in the understanding of supernovae – it can be used to 
track back to a supernovae and the history can be found: dates, scales etc. By finding the 
abundance, the current models used for the production of Zr-93 in stars can be changed 
accordingly. 
 

What inspired you to participate in undergraduate research?  
The thought of working on something that had never been done before and then being able to see 
the implications in the processes of the stars etc. has always fascinated me! 
 

How did you get your research position, and what preparation did you undertake for it?  
I got my research position (through my course at Surrey University in England) by getting over a 
certain grade in my first 2.5 years there. This was needed to be qualified to do the research. For 
the preparation, I've done certain labs at Surrey which prepare me for the practical side and 
myself, I've done a lot of reading around in the areas that fascinate me – nuclear astrophysics, 
especially processes important to understanding what materials are on earth and so when I was 
told about what I'd be researching at Notre Dame, it was perfect for my enthusiasms. 
 

Where was your research experience located?  
Research is at the University of Notre Dame NSL. 
 

What did you get out of your research experience?  
Even though I have some months left in my research I have already gotten a huge amount out of 
my research. Quite apart from massively gaining knowledge in how accelerators and AMS 
systems work, I have also gained a very big insight into the processes of production for specific 
isotopes and the techniques used for finding these. Basically, it's exactly the sort of research I 
wanted to go into, so am very lucky to have this opportunity! 
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Ecological Effects of Non-native Pacific Salmon and Brown Trout on  
Native Brook Trout in Great Lakes Tributaries 

 
Nick Weber 

Major: Biological Sciences 
Advisor: Dominic Chaloner, Dept. of Biological Sciences, University of Notre Dame 

Coauthors: Brandon Gerig, Lillian McGill, and Gary Lamberti 
 

Pacific salmon (Oncoryhnchus spp.) and brown trout (Salmo trutta) are non-natives actively 
stocked in the Great Lakes. Since the introduction of these species, native brook trout (Salvelinus 
fontinalis) populations have declined for reasons that are unclear. Potamodromous species, like 
Pacific salmon, accumulate nutrients and energy while maturing in the lakes, and transfer this 
material to lake tributaries where they spawn and die. Within the native range of salmon, this 
provision of resources can increase growth of resident salmonids. However, the influence of 
salmon-derived material on resident fish outside their native range is uncertain. We addressed 
whether provision of salmon tissue has a differential effect on co-occurring brook and brown 
trout. Hatchery age-0 brook and brown trout were reared for 7 weeks in flow-through 
mesocosms with a regular ration of salmon tissue augmented by bloodworms. Fish mass and 
length were measured every 7 days, from which Fulton’s Condition Factor was calculated. The 
growth rate and condition factor of brook trout was not altered by feeding with salmon tissue, or 
by the absence of brown trout (p>0.05). The growth rate of brook trout was significantly higher 
than brown trout (p<0.001), but no difference was found in condition factor (p>0.05). The lack 
of growth difference between treatments receiving salmon tissue versus bloodworms could be 
due to several factors. Brook and brown trout may have had treatment specific consumption 
rates. Alternatively, the higher growth rate of brook trout compared to brown trout suggests that 
brook trout may be better adapted to feeding in low-velocity pools, like the tanks in which they 
were reared. Thus, these species may differ in the most suitable rearing environment. These 
results have implications for the influence of introduced salmon on stream-resident fish, the role 
of the environment in modifying those effects, and interactions between non-native and native 
fish species in the Great Lakes.  
 

What inspired you to participate in undergraduate research? 
“I am very interested in the field of ecology, and I enjoy thinking critically about the problems 
facing natural ecosystems in today’s society.” 
 

How did you get your research position, and what preparation did you undertake for it? 
“I contacted my research mentor, Dr. Chaloner, and told him that I was interested in his research 
and the possibility of getting involved. After submitting a research proposal based on both 
discussions with my research mentor and relevant scientific papers, the Notre Dame College of 
Science Summer Undergraduate Research Fellowship provided funding for my research.” 
 

Where was your research experience located? 
“Hunt Creek Fisheries Research Station in Lewiston, Michigan.” 
 

What did you get out of your research experience? 
“I developed some of the skills relevant to the ecology and conservation of aquatic ecosystems, 
and I gained confidence in doing independent research. My research experience this past summer 
was great preparation for my future graduate studies.”  
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Designing Spaces for Creativity 
 

John Wetzel 
Major: Mechanical Engineering and Industrial Design 

Advisor: Jessica Kayongo, University Libraries 
 
Cre·a·tiv·i·ty (Noun)- the ability to produce something new through the application of 
imaginative, original ideas often in order to find a unique solution to a problem.  Creativity is a 
trait desired in every field, but how can the various environments we experience daily improve 
our creativity?  From the size and shape of the space to the arrangement of the furniture to the 
amount of light entering the space, each feature is crafted by a designer to provide a desired 
experience.  The design decisions made by the designers are based upon the recommendations of 
the design researchers. So what observations from design researchers serve as guidelines for the 
shaping of the ideal creative environment, and what are the characteristics of that space? 
 Literature review of books about Stanford’s d.school and various creative work environments 
across the globe gave a foundational knowledge of possible characteristics.  With advice from 
design researchers at Steelcase and Haworth, observational design research was conducted in 15 
creative business and academic spaces across spaces in South Bend, Western Michigan, Chicago 
and the Bay Area.  Insights and recommendations about user behavior within these spaces were 
organized and then translated into an infographic.  With the infographic as a guide, users can 
begin to craft their own spaces into dynamic creative ecosystems.  
 
What inspired you to participate in undergraduate research? 
It was a great opportunity to pursue an idea and question that I was curious about and thought 
was relevant to improving our lives here at the university and beyond.  
 
How did you get your research position, and what preparation did you undertake for it?  
Through an interest in human interaction with environments sparked from my College Seminar, 
Gender Space and Place, I found myself representing the undergraduate student opinion on the 
Hesburgh Library Renovation Steering Committee. One of the spaces, in the renovated library, 
the creative collaboration area, piqued my interest, so with the head of the steering committee, 
Jessica Kayongo, I decided to apply for the DaVinci Grant with the goal of finding out the ideal 
way to design that creative collaboration space and the rest of the library.  
 
Where was your research experience located? 
University of Notre Dame 
 
What did you get out of your research experience? 
Through this research project, I was able to gain experience in practicing the techniques of 
Design Research and to make connections with employers who are at the leading edge of 
workplace culture and design. This gave me a new perspective on how truly influential the 
design of a space can be on the action, or lack of action, within the space. One unexpected 
benefit from the research was my new familiarity with the process of the furniture design 
business and the importance design research plays in this process. For the rest of my life, 
regardless of what I am designing or creating, I will always do two things because of this 
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research: 1) appreciate the value of research as the first step towards innovative solutions; 2) stay 
aware of the environment that I am working in and contemplate how I can improve it.  
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What’s the difference? Estimating psychosocial need in an oncology population.  
 

Mary White 
Major: Science Pre-Professional  

Advisor and Co-author: Dr. Nicole Duffy, Clinical Psychologist in the Helen F. Graham Cancer 
Center and Research Institute (HFGCC&RI) at Christiana Care Health System  

in Wilmington, DE.  
 

 It is estimated that there are 14.5 million cancer survivors in the United States. 
Researchers estimate 31%-45% of cancer survivors have psychosocial needs including financial, 
psychological, and logistical needs. However, there is limited literature on the difference, 
between the estimated population of oncology patients in the U.S. who have psychosocial need, 
and the population with unmet needs. This population is important to identify because unmet 
psychosocial needs can lead to reduced quality of life, poor medical outcomes, and increased 
costs to the patient and the health system. The current study quantifies the number of persons 
with unmet needs at a regional cancer center, HFGCC&RI, and identifies the population’s most 
important support needs. A population estimate was conducted; and, referral data, from the 
Psycho-Oncology department, was collected and analyzed through statistical methods and SPSS. 
About half of the current patient population was found to have a need for psychosocial services, 
the most frequent being financial, psychological, and transportation. However, only half of those 
patients are identified and referred, and then only a further fraction engages in services. In order 
to better identify patients, more robust screening methods need to be implemented and research 
in non-traditional approaches to addressing psychosocial needs is necessary to capture the 
population that is not engaging in existing services. 
 
What inspired you to participate in undergraduate research? 
“I was inspired to participate in undergraduate research in a clinical setting. Through my 
experiences in multiple medical settings, I was eager to be able to do academic research, under 
medical professionals, that would directly impact the population of people I was working with.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I had volunteered at Christiana Care Health System for two summers in many areas of the 
hospital. I knew they were offering a grant program, INBRE (IDeA Networks of Biomedical 
Excellence, that pairs undergraduate students with medical professionals to undertake a clinical 
research project. I applied to the program and was accepted. I felt well prepared for this position 
through multiple research projects in Biology Lab and experiences in clinical settings including 
volunteering, shadowing, and traveling to Haiti to set up mobile medical clinics.” 
 
Where was your research experience located? 
“Helen F. Graham Cancer Center and Research Institute (HFGCC&RI) at Christiana Care Health 
System in Wilmington, DE. ” 
 
What did you get out of your research experience? 
“From my research experience, I gained many new skills, further experience in a medical setting, 
as well as relationships with many medical professionals. Through gathering and analyzing data, 
as well as conducting literature searches, I was able to acquire the critical skills of asking and 
answering research questions, understanding methods of qualitative and quantitative research 
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studies, analyzing and presenting data with different statistical programs, interacting with 
research subjects, and improving my scientific writing. By researching in a medical setting, I was 
able to broaden my scope of the medical field by shadowing and interacting with many areas of 
the medical profession. Additionally, I was able to form a relationship with my research mentors 
and plan for continuation of research in the future.” 
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Modular Forms and Counting Elliptic Curves 
 

Luciena Xiao Xiao 
Majors: Honors Mathematics and Philosophy 

Advisors: Sam Evens, Department of Mathematics, University of Notre Dame 
                   Andrei Jorza, Department of Mathematics, University of Notre Dame 

 
Modular forms are functions defined on the complex upper half plane which exhibit certain 
invariance properties under transformation by a subgroup of  and satisfy a holomorphy condition. 
A complex elliptic curve is an algebraic curve satisfying a non-singular equation of the form . 
The set of ordered pairs of complex numbers satisfying this equation can be put into bijection 
with a quotient of the complex plane with a lattice minus the point at infinity. In 1977, Mazur 
proved that for an elliptic curve  its group of rational points  is finitely generated and can be 
written as , where  is a positive integer and there are only 15 possibilities for .  My senior thesis 
is supposed to advance one of the results in “Counting Elliptic Curves with Prescribed Torsion”, 
a paper published in 2013 by Harron and Snowden. The authors computed the limits of the 
quotients between the number of elliptic curves with torsion groups  of bounded height and a 
constant determined by the bound and the torsion group. They further conjectured that the limit 
might exist for the other 13 possible torsion groups as well. 
 
 
What inspired you to participate in undergraduate research? 
“It is hard to do research in math as an undergraduate student, but counting elliptic curves with 
different torsion groups via a uniform approach sounds very intellectually appealing to me, so I 
decided to go for it.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“I wanted to start preparing for my senior thesis early, so I decided to do some readings over the 
summer. Then I got a Da Vinci Grant from ISLA to do my readings in math as well as some 
research on the history and philosophy of mathematics.” 
 
Where was your research experience located? 
“University of Notre Dame.” 
 
What did you get out of your research experience? 
“I learned a lot of advanced math. By working on an open problem, I also learned that doing 
research in math is as intriguing and exciting as piecing together a puzzle.” 
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The effects of spheroid conditions on prostate cancer cell lines and cancer stem cells 
 

Emily Zion 
Major: Biochemistry 

Advisor: Renny Franceschi, Dept. of Chemistry and Biochemistry, University of Michigan 
 
 
Prostate cancer is commonly diagnosed in American men and a leading cause of cancer death.  
Although there are many treatments for prostate cancer tumors, there are some cells that become 
immune to these treatments, allowing them to metastasize.  These cells are thought to be derived 
from cancer stem cells, a small group of cancer cells that have self renewal properties and the 
ability to induce tumor formation.  By studying spheroid formation in vitro, we will be able to 
learn more about the nature of cancer stem cells.  In this experiment, three prostate cancer cell 
lines, PC-3, C42B, and LNCaP, were plated into low attachment plates in spheroid formation 
conditions and were allowed to grow for seven days.  Spheroids were counted, pictured, and 
passaged for four generations.  Some of the cells were placed in 1 mL of Trizol reagent and 
frozen for use in RNA extraction.  RNA was extracted from all four generations of the three cell 
lines, and used to produce cDNA for PCR.  The cDNA was tested with primers of stem cell 
markers such as CD44, CD133, Nanog, and Oct4 as well as Runx1, 2, and 3. The qPCR results 
showed the PC-3 RNA remained generally constant through the generations.  For the C42B and 
LNCaP RNA samples, there were significant increases for a majority of markers tested between 
generation one and generation two.  The increase in stem cell markers from generation one to 
two in the C42B and LNCaP cells suggest that there is an increase in the cancer stem cell 
activity.  These two cell lines also formed true spheroid formations when compared to the PC-3 
cells.  This may add some insight into cancer stem cell activity in prostate cancer cell lines. 
 
What inspired you to participate in undergraduate research? 
“I love being able to apply everything that I am studying to real world situations.  Also, cancer is 
something that I feel like everyone can relate to, and I want to do what I can to find a cure.” 
 
How did you get your research position, and what preparation did you undertake for it? 
“For this research position, I contacted a few professors at the University of Michigan to see if 
anyone was looking for some summer help.  I ended up interviewing with Dr. Franceschi, who 
was more than happy to offer me a summer position.  To prepare working in his lab, I read a lot 
of primary literature on the topic that I was going to be researching.” 
 
Where was your research experience located? 
“University of Michigan” 
 
What did you get out of your research experience? 
“I was able to learn and grow as a researcher this summer.  Dr. Franceschi really pushed me to 
work hard, ask real world questions, and figure out how to answer them.  I got to experience 
what it was truly like to be part of a lab group, and I got to work with some amazing people!  It 
was great preparation for my future in research.”  
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