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July 23, 2015 
 
 
 
To the participants of the 8th annual Colby Undergraduate Summer Research Retreat: 
 
With 98 student presenters and over 150 total participants, CUSRR 2015 will be the 
largest event yet!  We are particularly grateful to all of our alumni guests, including 
our Keynote Speaker Rosette Royale ’89, who have come to be witness to the 
spectacular work of Colby’s spectacular students and dedicated faculty. 
 
We would like to thank Colby College, particularly Lori Kletzer, Provost and Dean of 
Faculty, for her enduring support of CUSRR.  We would also like to thank Drs. Gregory 
Pomeroy ’81, William Koster ’66, and John Chahbazi for their generous contributions.  
Finally, we are grateful to our hosts, Crab Apple Whitewater, for helping to make this 
event possible. 
 
Our best wishes for a fun and productive retreat! 
 
 
Sincerely, 
 
The CUSRR Planning Committee 
Kevin Rice Amy Poulin 
Melissa Glenn D. Whitney King 
Arne Koch Jeff Katz 
Ankeney Weitz  Michael Donihue 
Paul Greenwood 
 
 
 
 
 
 

   



 

CUSRR 2015 Abstract Award Winners 
 
In recognition of Drs. Gregory C. Pomeroy ’81, William H. Koster ’66, and John C. 
Chahbazi, whose generous gifts will help ensure CUSRR as a permanent fixture of the 
summer experience at Colby College, the CUSRR Planning Committee has established 
student awards in their names.  Awardees are selected based on the quality and general 
audience accessibility of their submitted abstracts. 
 

Dr. Gregory C. Pomeroy ’81, Keynote Speaker of CUSRR 2010, earned his M.D. 
from the Royal College of Surgeons in Ireland after graduating from Colby in 1981. 
Dr. Pomeroy is one of the most accomplished and respected foot and ankle 
surgeons in the country and enjoys surgical privileges at Mercy Hospital and 
Maine Medical Center.  He is also an associate clinical professor of surgery on 
the staff of the University of New England. 

The 2015 recipients of the “Gregory C. Pomeroy Award” are: 

Jenna Hill and Kelford Mitchel, Geology (Abstract P-16) 

–––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Dr. William H. Koster ’66 distinguished himself over a 30-year career in the 
pharmaceutical industry as a scientist, senior executive, team builder, and leader.  
His professional positions have included Senior Vice President of Drug Discovery 
at Bristol Myers Squibb and President and CEO of Neurogen. He remains on the 
board of Neurogen and is now President and CEO of Northern Pilot Company, a 
firm that offers strategic guidance to the pharmaceutical industry.  Dr. Koster is 
also a Colby College Overseer. 

The 2015 recipient of the “William H. Koster Award” is: 

Weiqi (Ella) Gu, Economics (Abstract 1-9) 

–––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Dr. John C. Chahbazi has been practicing medicine since 1996 at the McLaren 
Family Medicine Residency in Flint, MI.  He received his Bachelor’s and medical 
degrees from the University of Michigan before completing a residency in family 
practice at the Naval Hospital in Charleston, SC and a fellowship at the University 
of North Carolina.  Dr. Chahbazi is also a retired naval officer with a distinguished 
service record that includes the first Gulf War. 

The 2015 recipient of the “John C. Chahbazi Award” is: 

Will Simmons, Biology (Abstract P-40) 



 

CUSRR 2015 Keynote Speaker 
 
  

 

 

Rosette Royale is a writer and storyteller living in Seattle. For the past 10 years, he 
worked as a reporter and editor for Real Change, a weekly paper sold on the street by 
vendors who are homeless or low-income. He’s won state and national journalism 
awards, including the Sigma Delta Chi Award for Feature Writing from the Society of 
Professional Journalists. Along with writing, he has also produced radio features and 
hosted a live interview radio program. He currently began a freelance career, and he is 
working on a long-term project following a homeless nature photographer who plans to 
spend six months chronicling the drought in Olympic National Park in Washington state. 

Under the name Timothy Burton, he graduated from Colby in ’89, with a degree in 
English and a minor in Creative Writing. Since then he’s lived in L.A., Boston, 
Provincetown, Mass. (on the tip of Cape Cod), New Orleans, Brooklyn, outside of D.C., 
Bennington, Vt., Santa Fe and now Seattle. In ’97, he participated in a Native American 
ceremony of the Shoshone/Paiute people, based in the Great Basin region of the country 
(that’s Utah and Idaho), and now he organizes an annual ceremony attended by 200 
people. He loves to read. 

Colby College and the organizers of the Colby Undergraduate Summer Research Retreat 
are honored to have Rosette Royale as the Keynote Speaker for CUSRR 2015. 

 
    

Rosette Royale ’89 
Author, journalist, & storyteller 

Photo courtesy of Jon Williams 



   
  
 

Student Research Symposium – Thursday July 23rd, 2015 
 
 
 
8:30 AM – 9:20 AM Symposium Registration Lobby 

  
 
9:20 AM – 9:25 AM Opening Remarks Auditorium 
 
 Lori Kletzer, Provost and Dean of Faculty 

 
9:25 AM – 9:40 AM Introductory Remarks Auditorium 
 
 Kevin Rice, Chair, CUSRR Planning Committee 

   
 
9:40 AM – 12:00 PM Morning Session Auditorium 
 
 Co-chairs:  D. Whitney King, Chemistry and Dr. Gregory Pomeroy ’81 
 

9:40 AM Adrienne Carmack, Education – “Boys to Men: The Development of 
Healthy Masculinity” 

9:53 AM Meghan Fawcett and Stacey Hou, Biology – “Altering Wing Morphs of 
Soapberry Bugs via Genetic and Environmental Manipulation” 

10:06 AM Thea Hudson, East Asian Studies – “Boy’s Love: Japanese Manga” 

10:19 AM Benjamin Crocker, Psychology – “Who Drinks More? The Effect of Peer 
Social Groups on Differences in Alcohol Use Between Athletes and Non-
athletes” 



  

10:32 AM Dan Medici and Nick Murphy, Mathematics – “Triangulated Surfaces: 
Geometry Without Calculus” 

10:45 AM BREAK 

10:53 AM Eliza Dunne, Anthropology – “State Formation and Marijuana Policy” 

11:06 AM Siyuan Li and Ana Canales, Computer Science – “Post-Injury Recovery 
Trajectory of High School Athletes” 

11:19 AM Dylan Cincotta, Chemistry – “Evolution of a Novel DNA Binding Protein 
via Phage Display” 

11:32 AM Weiqi Gu, Economics – “Economic Structure of the Charitable Sector” 

11:45 AM Raymond Chung, Anna Fan, and Muheb Esmat, Museum of Art – 
“Student Research at the Colby Museum of Art” 
 

 

12:00 PM – 1:00 PM Lunch Outdoor Patio 

 
 
 
1:00 PM – 3:30 PM  Afternoon Session Auditorium 
 
Co-chairs: Denise Bruesewitz, Environmental Studies and Deborah Wathen Finn ’74 
 

1:00 PM Alex Plesa, Biology – “Knockout of the bap Gene Increases 
Bacteriorhodopsin Production in Halobacterium salinarum” 

1:13 PM Ryu Matsuura, Economics – “Preferences for Coral Reef Conservation: 
Do Environmental Baselines Matter?” 



  

1:26 PM Chris Hale, German and Russian – “Cats and the 19th - Century German 
Press” 

1:39 PM Josh Hews, Mathematics – “Semi-Separating Groups of Matrices” 

1:52 PM Abigail Johnson, Psychology – “Incidence Rate of Concussions in 
Division III College Athletes:  Are Female Athletes at Greater Risk for 
Concussion?” 

2:05 PM BREAK 

2:20 PM Rebecca Chmiel, Environmental Studies – “Gloeotrichia echinulata 
Presence and Toxicity in the Belgrade Lakes” 

2:33 PM Tarini Hardikar, Chemistry – “Photochemical Generation of 
Dimethylvinylidene” 

2:46 PM Griffen Allen and Anna Krauss, Maine Dartmouth Family Medicine 
Residency – “Exploring Unintended Pregnancy and Contraception Use 
Among Women in Medication Assisted Treatment for Opiate Addiction” 

2:59 PM Jiawen (June) Li, Geology – “Climatic and Environmental Implications of 
Red and Green Siltstones During the Permian-Triassic Mass Extinction 
in South Africa” 

3:12 PM Joseph Malionek and Itrat Akhter, Computer Science – “Light Can Break 
a Clock” 

 

 
3:30 PM – 5:00 PM  Poster Session Lobby 
 

P-1 Philip Adamson, Physics and Astronomy – “Active Stabilization of a 
985nm Laser Diode via a Scanning Transfer Cavity Lock” 

P-2 Baturay Aydemir, Biology – “Effects of Ethanol Exposure on 
Zebrafish Neutrophil Extracellular Trap Formation” 



  

P-3 Elizabeth Bainbridge and Phoebe Downer, Psychology – “Sex, 
Teens, and Sports: Different Outcomes in Adolescent and Adult 
Female and Male Rats Following Mild Traumatic Brain Injury” 

P-4 Oriana Battifarano and Alyson Churchill, Geology – “Stratigraphy and 
Sedimentology of Upper Permian Rocks at Bethulie, South Africa” 

P-5 Alexander Bevier, Chemistry – “Assessment of DNA Cross-Linking in 
Human Leukemia Cells via the Comet Assay” 

P-6 Sarah Boland and Jocelyn Ng, Psychology – “Priming Semantic 
Categorization Through Sound Symbolism” 

P-7 Samantha Boudeau and Anna Schwartzberg, Biology – 
“Fluorescence Staining of Tubulin and Actin in Fiddler Crabs” 

P-8 Tori Brown and Maria Urrutia Gonzalez, Environmental Studies – 
“Belgrade Lakes Aquatic Plant Surveying” 

P-9 Victoria Chistolini, Computer Science – “Mathematical Modeling of 
Concussion Risk in High School Athletes” 

P-10 James Connelly and Simone Geary, Biology – “Investigation of 
Melatonin Receptor Structure and Function in the Crustacean 
Nervous System” 

P-11 Dagmar Dousma, Computer Science – “Using Machine Learning to 
Improve Diagnosis of Concussions in High School Athletes” 

P-12 Caitlin Farrington, Chemistry – “Polymerase Bypass of N7-
Deoxyguanosine Adducts” 

P-13 D’Mitri (J.R.) Farthing Jr., Chemistry – “Synthesis of Terpyridine 
Functionalized Resorcinols for the Creation of New Polymers” 

P-14 Andrew Finn, English – “The Transition From First-Year Writing to 
Upper-Level Disciplinary Writing” 

P-15 Sam Glaisher, Health Services – “Quick, Take the Right Pill: An 
Examination of the Implementation of New Medicine Reconciliation 
Procedures” 



  

P-16 Jenna Hill and Kelford Mitchel, Geology – “Weakening Mechanisms 
in the Norumbega Fault Zone, Maine” 

P-17 Ellie Irish, Chemistry and Environmental Studies – “A Novel Method 
for Rapid Measurement of Ammonium and Nitrite Isotope Ratios 
with Time-of-Flight Mass Spectrometry” 

P-18 Gary Koplik, Economics – “Index of Economic Well-Being” 

P-19 Albertha Ladina, Chemistry and Goldfarb Center – “Putting Together 
a Survey for a Community Based Research Project” 

P-20 Dawon Lee, Biology – “Determining Abnormal Circadian Rhythm in 
Frontotemporal Dementia-induced Drosophila by Measuring Period 
and Timeless Genes” 

P-21 Yuxuan Li, Physics and Astronomy – “Evolution of Black Hole and 
Galaxies Across Cosmic Time” 

P-22 Kathy Lipshultz, Geology – “But How Old Is It, Really?: Dating 
Volcanic Rocks Related to the End-Permian Mass Extinction” 

P-23 Juvenal Lopez and David Chelimo, Biology – “Phosphorylation of the 
Transcription Factor TaABF1 During Abscisic Acid Signaling in Cereal 
Grains” 

P-24 Amanda Loya, Chemistry – “BAG3 Knockdown and its Effect on the 
Cytotoxicity of Laromustine” 

P-25 Charles Macaulay, Environmental Studies – “Using Computational 
Models to Evaluate the Ecology of Great Pond” 

P-26 Sergio Madrigal, Chemistry – “Water Quality Initiative Project in the 
Belgrade Lakes” 

P-27 Leigh Mathieu and Veronica Mitchell, Biology and Psychology – 
“Cognitive and Social Consequences of a DISC1 (Disrupted-in-
schizophrenia) Genetic Knockout in Sprague Dawley Rats” 

P-28 Ryu Matsuura, Economics – “Valuing Proposed Maine National 
Park” 



  

P-29 Octavian Murad, Computer Science – “HITApp: An Application for 
Recording and Tracking Concussions” 

P-30 Ray Nakada, Biology – “Bimolecular Fluorescence Complementation 
for the Interaction of Inter-membrane Proteins” 

P-31 Sava Petovic and Christopher Lee, Chemistry – “Synthesis of 
Helically-Shaped Compounds” 

P-32 Juliana Pham, Psychology – “Building an Online Home for the Big 
Five Personality Inventories” 

P-33 Emma Reif, Office of Sustainability – “One Step at a Time: Mapping 
Colby’s Nitrogen Footprint” 

P-34 Harriet Rothschild and Brian Kim, Environmental Studies – 
“Nitrogen Cycling in Gloeotrichia Blooms in the Belgrade Lakes” 

P-35 Takuto Sasajima, Geology – “Using an Aerial Drone to Visually 
Document Inaccessible Terrain in South Africa that Represents the 
Landscape Following the Permian-Triassic Mass Extinction” 

P-36 Anne Schechner, Chemistry – “Graphic Representations of Lake 
Quality Data For Citizen and Scientific Understanding” 

P-37 Paul Scott, Chemistry – “Characterization of the Major Guanosine 
Monoadducts and Crosslinks Formed by Epichlorohydrin” 

P-38 Kumba Seddu and Hannah Insuik, Biology – “Comparative Analysis 
of the Neuroprotective Effects of Melatonin, Glutathione, Vitamin E 
and Vitamin C on Uca pugilator Neurite Outgrowth” 

P-39 Lauren Shirley, Health Services – “Risk Factors in Developmental 
Delay in Developmental Evaluation Clinic Population” 

P-40 William Simmons, Biology – “Chronic Neonicotinoid Exposure Alters 
Expression of Antimicrobial Peptides in the Bumble Bee Bombus 
impatiens” 

P-41 Haoyu Song, Mathematics – “Triangulation and Geodesics: Finding 
a Shortest Path” 



  

P-42 Chao Tang, Biology – “Characterization of Circadian Pacemaker 
Cells in the Brain of Drosophila” 

P-43 Emily Tolman and Meagan Watson, Biology – “The Innate Immune 
System in Frogs is Effective Against a Pathogenic Chytrid Fungus” 

P-44 Ivan Yang, Chemistry – “Progress Toward the Synthesis of a Novel 
Copper(I)-Arene Complex” 

P-45/46 Joshua Young and Riley Meidell, Physics and Astronomy – 
“Massive Quiescent Galaxy Classification and Analysis to 
Understand Galaxy Formation and Evolution” 

P-47 Haoran Zhang, Chemistry – “Synthesis of Novel Nitrogen Linked 
Aromatic Polymers” 

P-48 Danqing Zhao, Chemistry – “Automated Analysis of Phosphate” 

P-49 Briana A. Collins-Lee, Caleb J. Kelly, David W. Miller, Emily L Shaw, 
Ernesto Esquivel-Amores, Kiara Reed, Marissa Pitter, Monica 
Colmenares, Sydnie M. Boykins, and Valerie Mejia, CAPS – “The 
Presence of Labrythula zosterae and Stress Gene Expression in 
Eelgrass Plants on the Coast of Mount Desert Island” 

 
5:00 PM – 5:30 PM  Break  
 
 
 

5:30 PM – 7:00 PM  Dinner Dining Room 

 
 
 
7:00 PM – 8:00 PM  Keynote Lecture Auditorium 
 
 

"Past, Present, Future" 

Rosette Royale ’89 
 



  

Session ID:  
1-1  

Abstract Title:  

Boys to Men: The Development of Healthy Masculinity 

Presenting Author(s): Other Authors: 

Adrienne Carmack ’18 Mark Tappan 

Department: 

Education Program, Colby College, Waterville, ME 
Abstract: 

There is mounting evidence that adherence to traditional masculine norms (emotional 
stoicism, dominance, aggression, independence, etc.) is harmful to boys and men 
academically, psychologically, and socially. Adhering to such norms also promotes sexism, 
misogyny, homophobia, and violence. Some boys and men, however, resist the messages of 
traditional manhood and instead embrace a healthy—or “resistant”—masculinity. Moreover, 
recent research suggests that resistance to unhealthy pressures leads to positive outcomes. 
If we can understand how and why this resistance occurs, we may be able to promote healthy 
masculinity among a greater number of boys and men.  
 
The goal of this project, therefore, is to gain a better understanding of healthy masculinity, 
specifically among college-age men. In addition, we are interested in exploring how healthy 
masculinity develops from childhood, through adolescence, to young adulthood, and 
identifying how schools and colleges, in particular, can encourage and support resistance to 
unhealthy pressures. While there is growing attention to these issues, very few studies of 
resistant masculinity and how it develops exist. This study will therefore contribute to the 
evolving research in this important area. 
 
In-depth interviews were conducted with 24 volunteer male-identified students on campus; 
the interview transcripts were analyzed through qualitative coding methods; repeating ideas 
and themes were identified, and themes were grouped to develop theoretical constructs. This 
process has also been informed by other theories in the field of men and masculinity studies. 
 
This project will contribute an in-depth and much needed analysis of healthy/resistant 
masculinity: what it looks like, how it develops, and how it can be encouraged. It will also 
provide a basis for further research on the relationship between masculinity and other 
aspects of young men’s lives, including athletics and activism. Within the Colby community, 
this research will inform programming efforts to promote and support healthy/resistant 
masculinity. 
 

 
 



  

Session ID:  
1-2  

Abstract Title:  
Altering Wing Morphs of Soapberry Bugs via Genetic and Environmental 

Manipulation 
Presenting Author(s): Other Authors: 

Meghan Fawcett ’16 and Stacey Hou ’18 David Angelini and Elizabeth Richards 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

The goal of our project is to investigate an interesting biological phenomenon known as 
polyphenism, a unique form of growth control with two or more stable endpoints. In Jadera 
haematoloma, soapberry bugs, polyphenism is exhibited as non-sex-limited alternative wing 
morphs (short-wing and long-wing). Polyphenism in J. haematoloma allows us to investigate 
the adaptive value of polyphenism as well as how developmental and structural processes 
compare between distinct morphs. Previous studies suggest that high-nutrition, over-crowding, 
hormones, and certain types of RNA interference favor the short winged morph in order to 
reallocate resources towards fertility. To understand the effect of nutrition, we placed new 
hatchlings under max/low food conditions and observed wing morph ratios. Additionally, we 
set up environments with high/low bug density and observed wing morph ratios induced by 
crowding-related stress. We also manipulated several hormones in juvenile J. haematoloma to 
look for developmental variations in wing size and shape. Furthermore, using double-stranded 
RNA injections, we knocked down specific genes within the insulin pathway, e.g. FoxO, InR, 
Dll and GFP, to analyze the effects on wing morphs and to quantify the level of gene 
expression with qPCR.  Finally, we studied the correlations between wing morph and 
fecundity, and set up single-pair matings, measured their rate of egg production and hatchling 
success. The current data indicate that high food conditions, overcrowding, and inhibition of 
the insulin pathway (through FoxO and InR gene knockdown) result in a greater abundance of 
short-wing bugs, and other RNA treatments result in changes in wing patterning, beak length, 
etc. Moreover, our data from the fecundity experiments suggests that the short winged morph 
is beneficial to females but negligible, or even detrimental to males of the same species. 
From the results thus far, we can see that polyphenism responds to multiple environmental 
and genetic factors, and further studies are required for us to comprehend the complex 
mechanism of polyphenism. 

 
 
 
 
 
 
 
 



  

Session ID:  
1-3  

Abstract Title:  

Boy’s Love: Japanese Manga 

Presenting Author(s): Other Authors: 

Thea Hudson ’17 Hideko Abe 
Department: 

Department of East Asian Studies, Colby College, Waterville, ME 
Abstract: 

Boy’s Love is a genre of Japanese comic (manga) that is popular among women worldwide 
and that depict homosexual relationships between men. For this project our goal is to 
thoroughly research the genre including its rise to popularity and the characteristics that 
make the most popular series of the genre popular. Most importantly, the research focuses 
on the use of Japanese masculine language by the main protagonists of the stories. For 
example, does the one who is dominant in the relationship use more masculine language 
than the one who is submissive? Is this common throughout different manga by different 
authors? This project is important because it provides us insight into the power differences 
between males from the perspective of a Japanese woman. Important aspects of this project 
include examining scholarly articles about the Boy’s Love genre, summarizing and examining 
the characters and themes present in the most popular Boy’s Love manga series, and 
reading through Boy’s Love manga in Japanese and examining the use of masculine and 
feminine pronouns, final particles, and honorific (polite) speech. Currently, there is a lot 
research on the use of Japanese feminine language, but there is a lack of study on masculine 
language, making this project such an interesting contribution to the study of the Boy’s Love 
genre.  

 
 
 
 
 
 
 
 
 



  

 
 

Session ID:  
1-4  

Abstract Title:  
Who Drinks More? The Effect of Peer Social Groups on Differences in Alcohol 

Use Between Athletes and Non-athletes 
Presenting Author(s): Other Authors: 

Benjamin Crocker ’17 Allecia Reid McCarthy 

Department: 

Department of Psychology, Colby College, Waterville, ME 
Abstract: 

My project analyzes differences in alcohol use among athletes and non-athletes at Colby 
College. Research shows that athletes drink more than non-athletes. Others have 
hypothesized that peer groups are an explanation, but it is unclear what effect peers have. I 
examined whether the influence of being an athlete on drinking depended on characteristics 
of their peer social networks, including size of the network, how densely connected friends 
are to one another, and level of network drinking. I hypothesized that athletes would drink 
more than non-athletes in larger networks, in more densely connected networks, and when 
peers are heavy drinkers. This project is important to me because, being an athlete, this 
study further explains drinking cultures I have seen firsthand. Understanding motivations 
behind heavy drinking is also important for promoting safer drinking. I used survey data 
collected by Prof. Reid.  At baseline, athlete status, number of drinks consumed in the 
heaviest week, and drinking among participants’ 10 closest friends were assessed. Drinks in 
the heaviest week were reassessed one month later. I created variables for network size, 
density, and average network drinking. In regression analyses, drinks during the heaviest 
week at one month follow-up was the outcome. Results replicated previous research showing 
that athletes drink more than non-athletes. In addition, the influence of being an athlete 
depended on level of network drinking and density. When peers drank heavily, athletes drank 
significantly more than non-athletes. However, when peer drinking was low, there was no 
difference in drinking between athletes and non-athletes. Similarly, if a high proportion of 
friends were also friends with each other, athletes drank significantly more than non-athletes. 
When it was low, there was no difference. These findings delve deeper into why athletes drink 
more than non-athletes and helps better understand the social nature of drinking habits on 
campus. 
 

 
 
 
 
 



  

 
Session ID:  

1-5  
Abstract Title:  

Triangulated Surfaces: Geometry Without Calculus 

Presenting Author(s): Other Authors: 

Dan Medici ’16 and Nick Murphy ’16 Haoyu Song ’17 and Scott Taylor 
Department: 

Department of Mathematics, Colby College, Waterville, ME 
Abstract: 

Many problems in geometry can be phrased as optimization problems, which are traditionally 
solved using calculus.  Solutions provided by calculus, however, often involve difficult 
computations.  The purpose of our research is to take problems from geometry and to 
reinterpret them in ways that avoid the use of calculus. 
  
Many of these geometry problems are related to surfaces (such as a globe, a football, an 
inner tube, etc.).  Oftentimes, a surface is easier to understand if we break it into triangular 
pieces; this is called triangulation.  This process allows us to consider very complicated 
surfaces in terms of simple pieces, and it is the key to developing methods other than 
calculus for studying such objects. 
 
Building off the work of Abigail Thompson, we apply tools called thin position and the “width”, 
which measure how complicated a triangulation is, to study the geometric properties of 
surfaces.  In particular, we look to find curves on a surface which minimize length.  To this 
end, we have developed a new concept called “local thin position”, which captures 
information about how complicated a triangulation is in certain regions without worrying about 
the overall complexity of the triangulation.  Our work shows that local thin position naturally 
gives rise to length-minimizing curves.   

 
 
 
 
 
 
 



  

 
Session ID:  

1-6  
Abstract Title:  

State Formation and Marijuana Policy 

Presenting Author(s): Other Authors: 

Eliza Dunne ’17 Carl Lipani ’17 and Winifred Tate 
Department: 

Department of Anthropology, Colby College, Waterville, ME 
Abstract: 

Our project this summer is to conduct anthropological research on the current debate 
surrounding medical and recreational marijuana in the United States. Medical marijuana is 
now legal in 23 states, and 4 states have legalized recreational use. However, because 
marijuana remains federally illegal and a schedule 1 drug, bills to legalize recreational use 
have failed to pass the Maine legislature and those of many other states.  In Maine, two 
NGOs with conflicting visions of marijuana regulation are collecting signatures to bring the 
question of legalization to ballot in 2016. We are researching key policy players who play an 
important role in this debate on marijuana legalization—interviewing politicians, NGOs, 
government agencies, and medical marijuana patients to gain a sense of the various 
perspectives on this issue. Using these research methods, we are tracing the complex history 
of marijuana, and addressing the potential benefits and complications of recreational 
legalization—particularly in the state of Maine. 
 
We argue that stigma surrounding marijuana use—beliefs that marijuana is a dangerous, 
addictive, gateway drug—evolved through a sensationalized portrayal of marijuana as a 
harmful drug associated with violent, low income minorities. Nowadays, marijuana is seen as 
a drug that promotes laziness and idiocy, turning people into uncontrollable potheads and 
potential addicts of harder drugs. This stigma has hindered the development of marijuana 
regulation—causing politicians and fearful parents to anticipate a society where marijuana is 
welcomed like alcohol and used freely and dangerously. This stigma has made it difficult for 
medical marijuana patients to access their medicine, because it is so highly controlled and 
condemned. We argue that sufficient medical evidence exists to support federal legalization 
of medical marijuana. Furthermore, we argue that recreational legalization would bring 
enormous revenue through taxation, eliminated prison costs, social opportunities, and job 
creation. In low-income states like Maine, where the economic crisis has caused high rates of 
unemployment, marijuana legalization would improve the economy by generating revenue and 
job opportunities.   

 
 
 
 



  

Session ID:  
1-7  

Abstract Title:  

Post-Injury Recovery Trajectory of High School Athletes 

Presenting Author(s): Other Authors: 

Siyuan Li ’17 and Ana Canales ’18 Bruce Maxwell 
Department: 

Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

The purpose of this project is to evaluate the recovery trajectory for high school athletes who 
have sustained a concussion and taken multiple Immediate Post-Concussion Assessment and 
Cognitive Testing (ImPACT), a computerized neurocognitive evaluation. The Maine Concussion 
Management Initiative (MCMI) has been collecting the data from athletes in Maine high 
schools since 2009. We analyzed the results of students who have taken one baseline and up 
to four post-injury tests and compared their recovery trajectory in terms of memory score, 
physical score, and total symptom score.  
 
We used the programming language R to analyze and visualize the data. Our total data set 
consisted of 4148 subjects with a valid baseline test and up to four post-injury tests. The first 
section of the research was determining the exclusion criteria and the independent variable. 
We first plotted percentages of when the post-injury tests were taken. The overlapped 
distribution provides evidence that the time since concussion should be the independent 
variable, disregarding the order of post-injury tests. To evaluate the recovery trajectory, we 
compared the post-injury performance to the pre-injury performance using a variety of plots.  
 
The results of both memory scores and physical scores show clear recovery trajectories. The 
recovery curve of total symptom scores is the most sensitive measure to a concussion. The 
results are consistent for the subsets sorted out by age, gender, and ADHD. We see some 
variation between boys and girls in total symptom scores, with girls reporting more symptoms 
but recovering in the same timespan. For clinical purposes, our finding might help to evaluate 
whether the girls are being held longer for treatment due to more self-reported symptoms or 
whether the boys are being cleared for return-to-play too soon due to fewer self-reported 
symptoms, even though their recovery trajectories follow similar patterns.  

  

 
 
 
 



  

Session ID:  
1-8  

Abstract Title:  

Evolution of a Novel DNA Binding Protein via Phage Display 

Presenting Author(s): Other Authors: 

Dylan Cincotta ’17 Dylan Plaskon ’15, Rachel Guerra ’13, Connor 
McGuckin ’15, and Kevin Rice 

Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

The ultimate goal of this project is to develop novel proteins that specifically bind damaged 
DNA. Every human cell is subjected to tens of thousands of DNA damaging events each day. 
Faithful repair of our chromosomes is critical for avoidance of cancer.  At the same time, 
damaging the DNA of cancer cells can be an effective anticancer strategy. Several proteins 
have evolved to recognize and mitigate DNA damage.  We intend to directly evolve a new 
protein from a portion of an existing protein, called “PARP”.  The general tenets of canonical 
Darwinian evolution are that the fittest members of a diverse population persist and replicate 
in the face of selective pressure.  Methods have been developed to recapitulate the evolution 
process within a test tube in a dramatically accelerated timeline.  Using molecular biology 
techniques, we created a diverse population of PARP-like proteins on the scale of 
approximately 10 billion unique versions. Each version of the PARP-like protein was 
incorporated onto the surface of viruses.  Selected proteins are replicated by allowing the 
attached virus to infect cultured cells. This technique, called “phage display”, has been widely 
used to select for proteins that bind to a variety of molecules and surfaces.  Given that the 
desired characteristic of our new protein is tight binding to a certain type of damaged DNA, 
this target DNA was attached to a large magnetic bead.  This provides a straightforward 
mechanism for isolating the “fittest” molecules and thus providing the required selection 
pressure. The possible implications of designing small proteins that bind damaged DNA 
include research or clinical diagnostics or even unique anticancer strategies.  
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Abstract Title:  

Economic Structure of the Charitable Sector 

Presenting Author(s): Other Authors: 

Weiqi Gu ’17 Nathan Chan and Leonard Wolk 
Department: 

Department of Economics, Colby College, Waterville, ME 
Abstract: 

Charities represent a growing and important industry. There are millions of these organizations 
in the United States alone, where they generate roughly 5% of the country’s gross domestic 
product. Yet little is known about its economic structure and development. Therefore, to get a 
closer insight into the economic behavior of non-profit organizations can not only help policy 
makers make more effective decisions on improving the industry, but also serve the interest 
of the public, which funds non-profits through donations and tax dollars. In our project, we 
study the impact of California Auditing rule in 2005 on charities. California Auditing rule 
targets non-profit organizations with at least $2 million in annual revenue and imposes a 
stricter standard on their accounting report. Our questions include whether this change in rule 
improves the performance of the firms? Does the rule cause firms to strategically lower 
revenues? Some studies have found that the same policy would have a positive effect on for-
profit firms, so does the same effect apply to non-profit firms? Our hypothesis is the auditing 
rule change may have a positive net benefits for large charities but excessively costly for small 
charities. We employ a difference-in-difference approach to study the effect. After controlling 
for the performance of the sector nationwide, we find a significant decrease in the number of 
charities in California with revenues ranging from $2 million to $2.1 million after the rule 
change in a corresponding increase in the firms with revenues ranging from $1.9 million to $2 
million, which indicates that firms may be reducing revenues to avoid the rule change. Our 
future research will be focused on the crowding out effect, which suggests that fundraising 
efforts and donations to charities may be reduced by government grants.  
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Abstract Title:  

Exploring Mathematics in Robert Indiana’s Decade: Autoportraits Vinalhaven 
Suite 

Presenting Author(s): Other Authors: 

Raymond Chung ’16 Shalini Le Gall and Scott Taylor 
Department: 

Museum of Art, Colby College, Waterville, ME 
Abstract: 

In this project, I outline the significance of Robert Indiana’s Decade: Autoportraits Vinalhaven 
Suite (1980) from both a personal biographical perspective and a more abstract mathematical 
perspective. Interweaving the art and the math requires a separate historical framework to 
identify the events and people that influenced the artist and his artwork. This particular series 
of prints is the amalgamation of the Great Depression, road signs, Cubist papiers collés, 
geometric symmetry, and the artist’s relocation to Maine. Viewing the Vinalhaven Suite through 
each of these lenses adds to our understanding of its past relations and future ramifications. 
I intend to show that understanding of an artwork can stem from various perspectives, and 
perhaps the best analysis can only come from the combination of multiple perspectives. My 
view of Decades is constructed from exhaustively searching thirty years of exhibition catalogs 
and excerpts of the artist’s memoir for the chassis of intent, delving through massive 
textbooks on Cubism and road sign protocols for the core inspiration, and learning about 
group theory to design a novel set of (clothes???). My study is not so much an attempt to fully 
understand an object in the Colby Museum of Art collection as it is a pilot for similar 
nontraditional analyses of objects both within and beyond the museum. Such attempts to 
interpret museum objects from unconventional perspectives can help integrate the museum’s 
collection into classes at Colby, even in unlikely subjects such as mathematics. In the true 
spirit of the liberal arts, art does not end when you exit the museum and math does not stop 
when you step out of the classroom. 
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Modern Identities and the American Heritage Collection 

Presenting Author(s): Other Authors: 

Anna Fan ’15 Shalini Le Gall 
Department: 

Museum of Art, Colby College, Waterville, ME 
Abstract: 

In 1956, Mr. and Mrs. Ellerton Jetté donated a collection of American folk art to Colby, 
catalyzing the Museum’s establishment three years later. Folk art, characterized by 
representations of everyday life and people, and usually produced by untrained or self-taught 
artists, was integral to early American history. The Jettés thus named this collection 
“American Heritage,” alluding to the past upon which modern American life has developed. 
One of my projects as the curatorial intern revolves around a specific artwork from this 
collection, titled Whaling Scene—Triton of New Bedford, c. 1850. In 2016, sixty years after the 
Museum acquired this work from the Jettés, an exhibition of artworks from the collection will 
open at the Museum, and my research will culminate in a catalogue entry for the 
accompanying publication.  
 
Like most research projects, mine began with questions. What does this image offer us? Why 
was it made, and by whom? Why was it later collected and preserved? Because so little is 
known about the work, I am taking a multi-pronged approach, not only employing art historical 
methodologies around the genre of folk art, but also conducting original research, looking into 
the history of the whaling industry and the specific ship depicted in the painting. I am 
investigating the work in relation to the time during which it was created, and what function it 
may have served, as well as its importance in terms of the history that follows, and how it got 
to where it is today. 
 
Our relation to our natural surroundings and our ideas of art have changed immensely since 
this work was made and subsequently collected; I hope my project will be as exciting for our 
audience to learn about as it is for me, elucidating a part of American history, and especially 
that of New England. 
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Alexandra Exter: From Russia to Colby  

Presenting Author(s): Other Authors: 

Muheb Esmat ‘17 Shalini Le Gall 
Department: 

Museum of Art, Colby College, Waterville, ME 
Abstract: 

This project involves researching an artwork at the Colby Museum of Art, which may be by 
Alexandra Exter (1882 –1949). The goal is to identify the work of art stored at the museum 
as an original sketch, which was part of a collection of costume designs done by Russian 
avant-garde artist Alexandra Exter for the movie Aelita: Queen of Mars (1924). This 
identification process will be pursued through studying the Russian Constructivist movement 
and more specifically the works of Alexander Exter.  
As a first step in the process, I searched and located most of Exter’s works held in galleries 
and museums around the world. The McNay Museum in Texas holds a significant collection of 
her works in the United States. I reached out to them asking for information about their 
collection of Exter’s works, and after receiving this information I will compare the medium and 
technique of the Colby work to works at McNay. I will also study the signature and inscriptions 
at the back of the work and compare them to the signatures or any inscriptions visible in 
Exter’s works at McNay and other museums.  
 
This research aims to highlight the importance of Exter’s contributions to the Constructivist 
movement and more specifically to the early theater and film industry. In a local context, 
identifying a unique piece of Russian modernism celebrates the depth of the growing 
collection of the Colby Museum of Art.  
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Knockout of the bap Gene Increases Bacteriorhodopsin Production in 
Halobacterium salinarum 

Presenting Author(s): Other Authors: 

Alex Pleşa ’17 Ronald Peck 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

Halobacterium salinarum is a microorganism that lives in high-salt concentration 
environments like the Great Salt Lake. Because Halobacterium cells grow very dense, the 
environment’s oxygen supply gets depleted, rendering the cells unable to obtain energy 
through aerobic respiration. In this case, Halobacterium produces bacteriorhodopsin (BR) in 
order to anaerobically convert light energy to chemical energy. 
 
BR is an integral protein complex compatible with high-salt concentrations, which provides the 
cell with energy by acting as a light-driven proton pump. BR is composed of the retinal 
cofactor and the bacterioopsin (BO) protein, encoded by the bop gene. BR is a widely-used 
model for transmembrane proton pumps, and its light-dependent binary protein conformations 
have made it suitable for multiple technological applications such as optical memory and 
molecular computing. However, despite having extensively studied BR, scientists still do not 
fully understand the processes behind the regulation of BR biosynthesis in its native 
organism, H. salinarum. 
 
In this organism’s genome, adjacent to bop, there is a gene that encodes the 
bacteriorhodopsin-associated protein (bap), whose function is unknown. Due to its proximity 
to bop in H. salinarum and conservation among other halophilic organisms, we hypothesized 
that bap is involved in the production of BR. To study the potential effect of bap on BR 
biosynthesis, a bap knockout strain of H. salinarum was generated, and its BR production 
was quantified by comparing the absorbance difference between its light- and dark-adapted 
conformations. In the Δbap strain, BR levels increased by 60% compared to the wild-type 
strain, indicating that the presence of bap inhibits BR biosynthesis.  
 
This result suggests that bap is involved in the regulation of BR production in response to 
environmental conditions. Further studies will be conducted to determine the mechanism of 
this inhibitory effect, which may provide insight into how these organisms survive in harsh 
environments. 



  

 
Session ID:  

2-2  
Abstract Title:  

Preferences for Coral Reef Conservation: Do Environmental Baselines Matter? 

Presenting Author(s): Other Authors: 

Ryu Matsuura ’171 Sahan T. M. Dissanayake1, Loren McClenachan1 and 
Payal Shah2 

Department: 

1 Department of Economics, Colby College, Waterville, ME 
2 Okinawa Institute of Science and Technology 

Abstract: 

The importance of baseline effects in environmental conservation projects has been widely 
recognized. Environmental destructions can lead to “shifted baselines,” or a decline in 
perceptions on states of natural environment. Failure to recognize “shifted baselines” results 
in environmental conservation projects with less ambitious goals because of the reduced 
expectation for natural environment. Although shifted baseline has been demonstrated 
among resource users, there is little information on how well the general public perceive the 
change of natural environment and how it affects their willingness to support conservation 
outcomes. We use a choice experiment survey conducted among residents and visitors in 
Okinawa, the southernmost island of Japan, to (1) estimate the preferences and calculate 
willingness to pay (WTP) for different attributes of a coral reef conservation project and (2) 
study how the perceptions of baselines affect the preferences. We find that those who 
perceive a stronger decline in the state of natural environment are more likely to have higher 
WTP for the conservation project. This result may suggest that recognition of “shifted 
baselines” increases WTP of the general public. We also find that visitors have higher WTP for 
the conservation project than do residents. By identifying the effect of “shifted baselines” on 
WTP for conservation projects, we contribute to both the policy discussions on environmental 
conservation and the literature on how information affects support for conservation projects. 
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Cats and the 19th - Century German Press 

Presenting Author(s): Other Authors: 

Chris Hale ’18 Arne Koch 
Department: 

Department of German and Russian, Colby College, Waterville, ME 
Abstract: 

My summer research entailed an investigation and analysis of texts from the 19th century 
German press and textbook primers regarding animals, with a concentration on cats.  
Although it may appear that humans have nearly figured out the entirety of the animal world, 
cats seem to be an outlier of our animal understandings. Reading on a lengthy genre scale 
from playful fables to zoological textbooks, I was able to examine animal-human relationships 
in German-speaking cultures with a primary goal of understanding how cats are represented.  
Using a digital library provided by the Georg Eckert Institute for International Textbook 
Research (GEI), I was able to view these types of writings on a massive scale.  Using this 
online resource I have looked through over 350 books, created a lengthy bibliography of 
relevant information, started to analyze the information, and then organized the texts in a 
meaningful manner.  This information is important in the field of German studies as it 
provides insight into German culture by depicting the relations of animals to national identity, 
the functioning of German households, and sexuality.  This study is also important to the field 
of history because these periods identify times of crisis on a World scale (pre- and post- 
World War I).  This research should not just be exciting for German studies majors like myself, 
but also for historians and animal lovers.  Animals and humans have very complex 
relationships and this research sheds light on animal misunderstandings and breaks down 
the dynamic involvements of both humans and animals, showing how they define each other. 
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Semi-Separating Groups of Matrices 

Presenting Author(s): Other Authors: 

Josh Hews ’17 Leo Livshits 
Department: 

Department of Mathematics, Colby College, Waterville, ME 
Abstract: 

Linear algebra is a prevalent area of mathematics with numerous applications. Linear algebra 
studies linear functions represented in matrix form. An important property of linear functions 
is the corresponding eigenvalues; the values that certain function-specific inputs are scaled by 
when applied to the function. 
 
This summer we are researching the work done by Choi, Huang, Li, and Sze on the 
eigenvalues of matrices. Their work proves that given an invertible matrix !, there exists an 
invertible diagonal matrix ! such that the matrix !" has distinct eigenvalues. Cigler and 
Jerman studied a weaker condition that studied a product of two matrices having at least two 
distinct eigenvalues, i.e. semi-separating. They look at groups of matrices and study under 
which conditions these groups have enough elements to semi-separate all invertible matrices. 
They show that if Γ is an irreducible group of matrices (i.e. a special group of matrices that 
possess many significant properties) and ! is an invertible matrix, there exists a matrix ! in 
that group such that !" has at least two distinct eigenvalues. In another paper, Cigler and 

Jerman show that given a group Γ of the form 1 0
0 ℋ , where ℋ is an irreducible unitary group 

(i.e. an irreducible group of matrices that preserve length) and an invertible matrix ! whose 
element in the first row and first column is less than or equal to the nth

 root of the determinant 
of !, there exists a ! in ℋ, such that !" has at least two distinct eigenvalues. We are able to 
prove that the condition that ℋ be a group of unitaries and the assumption on !!! can be 
dropped, so that we only need assume that ℋ is irreducible and ! is invertible. We are now 
exploring an even weaker condition on Γ. 
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Incidence Rate of Concussions in Division III College Athletes:  
Are Female Athletes at Greater Risk for Concussion? 

Presenting Author(s): Other Authors: 

Abigail Johnson ’18 Paul Berkner and Bruce Maxwell 
Department: 

Department of Psychology, Colby College, Waterville, ME 
Abstract: 

The goal of this project was to determine the incidence rate of concussion in Division III (D-III) 
college athletes. With the number of concussions increasing (Zonfrillo et al. 2004), the media 
remains primarily focused on male football players. However, recent research suggests that 
female athletes may be at equal, or even greater, risk for concussion based on exposure 
rates instead of total concussions (Brown et al. 2014). With data from the ongoing 
concussion research conducted under the Maine Concussion Management Initiative (MCMI), 
we calculated the exposure rates for D-III athletes.  
 
Using the Head Injury Tracker (HIT) program, every student-athlete who suffered a concussion 
was documented. Athletes gave basic demographic information (sport, school, year of birth 
etc.) and injury specific information (time, date, days to academic and athletic return etc.). 
There were 386 athlete concussions reported from these 11 colleges. The HIT data was used 
to calculate concussion exposure rates for these sport: football, field hockey, men’s and 
women’s soccer, men’s and women’s basketball, men’s and women’s ice hockey, men’s and 
women’s lacrosse, and men’s and women’s alpine skiing. An athletic exposure is any time an 
athlete participates in a practice or game of his or her respective sport. The equation for 
exposure rate is:  

#!!"!!"#!$%%&"#%
!"#$%!!!"#$ ∗ (!"!#$!!"ℎ!"#$%!!"#$%&'!%) ∗ 1000 

 
 
It is natural to assume football has the highest exposure rate due to the fact that it is a 
collision sport (Gessel et al. 2007). However, the past year’s data found that women’s soccer 
had the highest average concussion incidence per athlete exposure. From these findings, it is 
clear that football is not the only dangerous sport and it is time to broaden public awareness 
about the risks female athletes face. 
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Gloeotrichia echinulata Presence and Toxicity in the Belgrade Lakes 

Presenting Author(s): Other Authors: 

Rebecca Chmiel ’171 Denise Bruesewitz1, Peter Countway2, Harriet 
Rothschild ’161, and Brian Kim ’181 

Department: 

1 Department of Environmental Studies, Colby College, Waterville, ME 
2 Bigelow Laboratory for Ocean Sciences, East Boothbay, ME 

Abstract: 

The state of Maine relies on the health and quality of its lakes, which make up a significant 
portion of the state’s economy and public drinking water systems. However, the water quality 
of many of Maine’s lakes is decreasing as cyanobacterial blooms are increasing, most notably 
in relatively clear, low-nutrient systems like the Belgrade Lakes. Gloeotrichia echinulata is one 
such cyanobacteria species that is commonly found in lakes throughout the northeast United 
States, yet little is known about the timing, duration, and toxicity of its blooms, or the 
environmental factors that favor blooms. The increasing presence of cyanobacterial blooms 
threatens local property values, the recreation potential of lakes, and their use as sources of 
drinking water due to the associated toxins and algal scums that can be produced during a 
bloom. It is imperative that Maine communities like those around the Belgrade Lakes 
determine the concentration and distribution of toxins in their lakes and the link between 
cyanobacteria and toxin presence. This summer, I am working in collaboration with Bigelow 
Laboratory to create a novel DNA-based assay for harmful cyanobacterial species such as 
Gloeotrichia that would allow us to quantify and map these potentially toxic blooms. This 
assay will use real-time quantitative PCR system to detect the 16S bacterial rRNA gene using 
primers that are specific to Gloeotrichia found in the Belgrade Lakes. I am also analyzing the 
relationship between Gloeotrichia abundance and microcystin toxin concentration to determine 
if and/or when Gloeotrichia is an important driver of microcystins in the lake system. Toxin 
analysis will use liquid chromatography in conjunction with triple quadrupole mass 
spectrometry (QqQ-LC/MS) to determine the presence and concentration of selected toxins in 
the Belgrade Lakes. We expect that our research will improve our understanding of the nature 
and severity of cyanobacteria blooms in northeastern lakes.  
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Abstract Title:  
Photochemical Generation of Dimethylvinylidene 

Presenting Author(s): Other Authors: 

Tarini Hardikar ’17 Dasan Thamattoor 
Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

Dimethylvinylidene, a highly reactive, short-lived carbene intermediate with a neutral divalent 
carbon, has been generated via photochemical routes. The precursor, on UV photolysis, 
yields the carbene that can be trapped using alkenes. Various methods of synthesizing the 
precursor are being studied. Additionally, efforts to determine the lifetime of this carbene and 
the rate at which it reacts with alkenes, using nanosecond time-resolved laser flash 
photolysis techniques, are currently underway. This method of generating vinylidenes opens 
up a novel, safe and viable avenue to analogous intermediates which are considerably 
difficult and dangerous to generate by other means, in addition to increasing our 
understanding of carbene behavior.  
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Exploring Unintended Pregnancy and Contraception Use Among Women in 

Medication Assisted Treatment for Opiate Addiction 
Presenting Author(s): Other Authors: 

Griffen Allen ’161 and Anna Krauss ’171 Paul Berkner D.O.1, Edward Yeterian1, Kelley 
Harmon D.O.2 and Nancy Fischer2 

Department: 
1 Health Services and Department of Psychology, Colby College, Waterville, ME 

2 Maine Dartmouth Family Medicine Residency (MDFMR)  
Abstract: 

The goal of this study is to better describe the contraceptive practices of women in medication 
assisted therapy (MAT) for opiate addiction at a suboxone clinic in rural Maine. The risk of 
pregnancy within this population presents unique hazards to both the fetus and the mother, 
highlighting the importance of effective contraceptive methods. However, our extensive 
literature review reveals that within this population family planning knowledge is 
limited.  Furthermore, little information exists for providers on how to specifically address this 
problem. This study will build the groundwork for future projects focused on improving the 
delivery of care to these women-- such as specific focused interventions in order to encourage 
use of long acting reversible contraceptives (LARC). 
 
This project is at the forefront regarding research for the growing issue of opiate abuse. 
Maine, with its exceptionally high rates of abuse, offers MDFMR a unique opportunity to 
conduct innovative research in this area. This project represents a novel addition to the 
literature on best practices for family planning within the opiate abusing population. 
 
Thus far we have reviewed literature on family planning in this population, best practice 
strategies, the effects of opiates on pregnancy, and the socioeconomic costs to the State of 
Maine.  Accordingly, we’ve begun to prepare a protocol for MaineGeneral’s IRB so the study 
can be implemented later this year.  This project will pave the way for further studies to be 
used as generalizable knowledge for a rural primary care environment. The end goal of this 
project is to decrease rates of unintended pregnancy in this population, the rates of neonatal 
abstinence syndrome (NAS), and Mainecare resource utilization.  For Colby and MDFMR this 
research is valuable in that it puts both institutions at the forefront of a neglected yet socially 
important area of research in medicine.   
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Permian-Triassic Mass Extinction in South Africa 
Presenting Author(s): Other Authors: 

Jiawen (June) Li ’16 Robert Gastaldo and Johann Neveling 
Department: 

Department of Geology, Colby College, Waterville, ME 
Abstract: 

The Permian-Triassic Mass Extinction (PTME) is the largest extinction event in Earth’s history, 
eliminating over 90% of marine species and nearly 82% of land animals found in the fossil 
record. However, the causes of the PTME are still hotly debated. Fossils and sedimentary 
rocks formed around the time of the PTME provide evidence and clues to deciphering the 
mystery. Well-preserved fossils and the rocks in which the fossils are preserved record the 
event in the oceans. Yet, such records are extremely rare in terrestrial environments, 
because weathering and erosion break down and rework the sediments and bones. The Karoo 
Basin in South Africa is one of the few localities on Earth that have reportedly complete 
sequences of the latest Permian and earliest Triassic rocks, and has been used as a key to 
understanding the PTME in the terrestrial realm.  

Models of the PTME have been proposed over the past several decades based on studies of 
fossil vertebrates and rocks found in the Karoo Basin. The current model states that green 
siltstones, primarily found as pre-extinction rocks, represent wet environments that rapidly 
changed to arid conditions during and after the extinction, represented by red siltstones in 
the PTME and Triassic sequences. We have found inconsistencies between the current model 
and older iterations, as well as discrepancies between published descriptions of the rocks 
and our own observations. Samples of green and red siltstones were collected in January 
2015 at Old Lootsberg Pass and Old Wapadsberg Pass, Eastern Cape Province. Using X-ray 
fluorescence (XRF) and petrographic microscopy, this project will focus on analyzing the 
geochemistry and structures of the samples to test the current model of the PTME. 

 
 
 
 
 
 
 



  

 
Session ID:  

2-10  
Abstract Title:  

Light Can Break a Clock 

Presenting Author(s): Other Authors: 

Joseph Malionek ’17 and Itrat Akhter ’16 Stephanie Taylor 
Department: 

Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

Yes, it is true that light can break a clock - that is, the circadian clock. The circadian clock 
generates near 24 hour oscillations that regulate bodily functions like temperature, sleep 
cycles, and hormone production. These oscillations are controlled by the suprachiasmatic 
nucleus (SCN), a network of around 20,000 neurons. Although a lot of progress has been 
made in understanding how the circadian clock works on a cellular level, not much is known 
about how different cells in the circadian clock interact with each other. This summer, our aim 
is to understand the connectivity between the core (lower region) and the shell (upper region) 
of the SCN. Under normal conditions, the core oscillates approximately 3 hours ahead of the 
shell. However, recent research has shown that when mice are exposed to unusually long 
periods of daylight, the core oscillates approximately 6 hours ahead of the shell. We use two 
complementary models to simulate output similar to bioluminescence recorded in SCN slices 
from the above experiment. Our goal is to understand what network configuration produces 
viable simulations involving the unusual light cycles. Increased knowledge of overall circadian 
function could help find solutions to sleep disorders, jet lag and other health problems.  
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Active Stabilization of a 985nm Laser Diode via a Scanning Transfer Cavity Lock 

Presenting Author(s): Other Authors: 

Philip Adamson ’16 Charles Conover 
Department: 

Department of Physics and Astronomy, Colby College, Waterville, ME 
Abstract: 

This project is motivated by the need to induce the 5p to 28d/27s transition in potassium for 
the study of highly excited states. Excitation to these energy levels requires a laser color that 
is stable to a part in 108. Small changes in room temperature, air pressure, and humidity can 
cause the color to vary by more than this. One method to actively stabilize the laser is to lock 
the unstable laser to a more stable reference laser. My project this summer is to use a 
technique called a “scanning transfer cavity lock” to lock an unstable infrared 985 nm laser 
diode to a stable 632 nm HeNe red laser. The two lasers are arranged to simultaneously 
pass through a Fabry-Perot interferometer. A Fabry-Perot interferometer consists of two highly 
reflective mirrors enclosing a cavity. For certain cavity lengths, the incident light interferes 
constructively and escapes through the far mirror. Our Fabry -Perot setup contains a 
Piezoelectric transducer (PZT) that changes its length depending on the voltage applied to it. 
The PZT scans a range of lengths with a ramp voltage input, resulting in high intensity peaks 
from the laser (measured with a photodiode) at certain cavity lengths. The HeNe and infrared 
lasers emit a pulse of light resulting in a peak at different mirror distances corresponding to 
their respective wavelengths. By electronically locking the time difference between the two 
pulses, the stability of the HeNe laser can be transferred over to the infrared laser. My work 
thus far has primarily involved stabilizing the Fabry-Perot peaks of the HeNe laser. Some 
challenges of stabilizing the peaks have come from variable pressure and temperature 
altering the refractive index of air, as well as the length of the cavity. The nonlinearity and 
hysteresis of the PZT also raise challenges.  
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Effects of Ethanol Exposure on Zebrafish Neutrophil Extracellular Trap Formation 

Presenting Author(s): Other Authors: 

Baturay Aydemir ’17 Lynn Hannum 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

Neutrophils are key cells of the immune response that protect the host from invading 
pathogens. Neutrophil extracellular trap (NET) formation is one way that neutrophils attack 
the invaders, and is characterized by the release of DNA wrapped around antimicrobial 
molecules. The web-like structures of NETs then physically trap and neutralize pathogens. We 
are modifying an existing methodology to quantify in vitro NET formation from zebrafish kidney 
neutrophils, which allows us to measure the kinetics of NET formation in real time. The 
method includes isolating neutrophils from zebrafish kidneys, inducing NET formation with 
known stimulants from literature, and treating the cell suspensions with DNA-binding 
fluorescent dyes. Since DNA-induced-fluorescence strongly correlates with NET release, we 
were able to quantify NET formation with a plate reader. With our new method, we are 
investigating the effects of acute ethanol exposure on NET formation to determine whether 
ethanol exposure affects normal NET release in zebrafish. Inadequate NET formation may 
compromise the ability of the immune system to contain and clear infections, thus the 
possible inhibition of NET release by alcohol would be a significant contribution to our 
understanding of alcohol’s effect on the immune system.  
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Abstract: 

According to the Centers for Disease Control and Prevention, traumatic brain injuries (TBI) 
contribute to approximately one third of all injury-related deaths in the United States. Children 
and adolescents are at an increased risk for TBI, with nearly half a million annually being 
seen in emergency departments. Of these injuries, approximately 80-90% are concussion or 
other forms of mild TBI (mTBI) and evidence is mounting that even these mild forms may have 
significant adverse effects on cognition and emotional functioning, including memory loss, 
learning deficits, trouble concentrating and emotion dysregulation. Of particular interest to us, 
is whether these symptoms differ in kind and severity if the mTBI occurs during adolescence. 
Additionally, there is accumulating evidence from human mTBI that females and males are 
differentially impacted and this area of research is significantly understudied, particularly in 
animal models. Thus, the goal of our current research was to use an animal model of mTBI to 
investigate differences in outcomes between female and male rats as adults and as 
adolescents. Unfortunately, existing rodent models do not adequately reproduce the injury 
profile as it occurs in humans: these models apply force through either projectiles or blasts to 
a stationary animal and this does not induce the acceleration and rotation of the animal’s 
head. Acceleration and rotation of the head occurs in sports-related mTBI and are considered 
integral to the neuropathology and behavioral symptoms that follow. To address deficiencies 
with existing models, our lab has developed new methods for producing mTBI in rodents. 
Accordingly, we used our new injury model to address our research questions about biological 
sex and age and will describe results from two experiments demonstrating support for our 
overall hypothesis that both are significant factors in mTBI behavioral and neural pathology. 
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P-4  
Abstract Title:  

Stratigraphy and Sedimentology of Upper Permian Rocks at Bethulie, South 
Africa 

Presenting Author(s): Other Authors: 

Oriana Battifarano ’17 and Alyson Churchill ’17 Robert Gastaldo and Johann Neveling 
Department: 

Department of Geology, Colby College, Waterville, ME 
Abstract: 

The Permian-Triassic Boundary (PTB) in the geologic record marks the most catastrophic 
extinction event in Earth’s history. Although the event is well documented in the marine 
record, there is a comparative absence of geologic research of the terrestrial record due to 
the poor preservation of rocks and fossils and the remote field locations. However, the Karoo 
Basin in South Africa has one of the most complete terrestrial geologic records of the PTB in 
the world. One such exposure is at the Bethel farm near Bethulie, Free State Province, where 
we conducted our research.  
 
The currently accepted model for the geologic and climatic history of the region during the 
Permian-Triassic transition, as defined by Smith and Botha-Brink in 2014, proposes that there 
were three distinct phases of extinction caused by rapid climate change. These authors claim 
that the climate transitioned from wet, cool conditions, as evidenced by green mudrocks, to a 
more arid climate with increasingly short, intense wet seasons, as evidenced by maroon 
mudrocks. However, the accuracy of this model warrants investigation, as the stratigraphy 
leading up to the PTB has been found to vary widely throughout the basin. 
 
Our project focuses on the stratigraphic record, or the order and position of the sedimentary 
rocks, of the Upper Permian leading to the PTB at the Bethel farm. During a field season, we 
collected 25 rock samples and recorded our observations of the stratigraphy. Using thin 
section analysis and X-ray fluorescence, a tool that estimates elemental composition, we will 
determine whether our data match the proposed climatic and environmental conditions that 
are reported to have preceded the vertebrate-defined Permian-Triassic extinction event.   
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Assessment of DNA Cross-Linking in Human Leukemia Cells via the Comet 
Assay 

Presenting Author(s): Other Authors: 

Alexander Bevier Caitlin Farrington ’18 and Julie Millard 
Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

Our project goal is to characterize the reactions of cytotoxic agents, such as the anti-cancer 
drug nitrogen mustard (HN2), in human leukemia (HL-60) cells. We are exploring use of the 
comet assay, developed as a technique for direct visualization of DNA strand breaks in single 
cells, for assessing the interstrand cross-linking potentials of HN2 and related compounds. In 
the comet assay, after DNA-damaging treatment, cells undergo lysis under alkaline conditions 
and subsequent electrophoresis on agarose gels. The electric current induces migration of 
DNA out of the nucleus, with broken DNA fragments migrating further than intact DNA. 
Staining and fluorescence microscopy result in images that look like “comets” (Figure 1), with 
the tail length correlating to the degree of damage. The presence of interstrand cross-links, 
however, reduces DNA mobility, thereby decreasing the comet tail length. We are creating 
positive controls by treating cells with hydrogen peroxide to induce DNA strand breaks. 
Positive and negative (no treatment) controls are compared to hydrogen-peroxide-treated cells 
that underwent prior incubation with a cross-linking agent. We hope to observe a change in 
the length of the comet tails in the cross-linker-treated cells relative to the controls that we 
can correlate to cross-linking potential. 

 
 
 

Figure 1. Human HL-60 cells treated with 10 mM 
hydrogen peroxide for 20 minutes (positive 
control). 
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Priming Semantic Categorization Through Sound Symbolism 

Presenting Author(s): Other Authors: 

Sarah Boland ’17 and Jocelyn Ng ’18 Melissa Preziosi ’15 and Jennifer Coane 
Department: 

Department of Psychology, Colby College, Waterville, ME 
Abstract: 

According to sound symbolism theory, the speech sounds in a language can convey meaning 
such as largeness or smallness. For example, the phoneme e is perceived as small whereas 
the phoneme o is perceived as large. Previous research has shown that nonwords (a letter 
string without inherent semantic meaning, e.g., glurb) containing specific sounds can suggest 
largeness or smallness (Klink, 2000). In the current research, participants created short 
definitions for given nonwords containing sounds that conveyed either largeness or 
smallness. Definitions were scored for object size (large, small), size related words (“large,” 
“small,” or synonyms) and relatedness (semantic, phonological) to the nonword. A shoebox 
was used as a standard size reference. If a definition described an object that was smaller 
than or equivalent to the size of a shoebox, then it was scored as small. If a definition 
described an object that was larger than a shoebox, then it was scored as large. Nonwords 
containing small sounds were defined as small objects 80% of the time, whereas nonwords 
containing large sounds were not defined as large objects nearly as often. Participants may 
have been more apt to create “small” definitions overall because the instructions asked 
individuals to describe the nonword as a “product,” which suggested that the object needed 
to fit on a shelf, thus usually being smaller than a shoebox. What is novel about this research 
is that participants are provided with open-ended options to give whatever definition they like 
rather than having to make forced-choice selections to test the robustness of the theory. Our 
findings may be useful for improving product development, advertising, and marketing.  
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Fluorescence Staining of Tubulin and Actin in Fiddler Crabs 

Presenting Author(s): Other Authors: 

Samantha Boudeau ’16 and Anna Schwartzberg ’17 Andrea Tilden 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

The aim of this project is to determine the potential influence of melatonin on tubulin 
arrangement in neurite development in crustaceans. Previously, our lab has shown that 
melatonin has neuroprotective and neuroregenerative effects on crustacean neurons, however 
not much is known about the pathway through which melatonin acts on these cells. 
Mammalian studies indicate that melatonin may directly or indirectly interact with tubulin, a 
cytoskeletal protein, to increase neurite growth. Using immunocytochemistry, we may be able 
to see whether melatonin changes the localization of tubulin within the cells, and the 
assembly patterns and height densities of tubulin. We used available crustacean sequences 
from NCBI to determine the homology of tubulin between crustaceans and other organisms to 
show that the amino acid sequence for tubulin is well-conserved. Therefore, we are confident 
that the chosen mammalian antibody will produce results in crustaceans. 
Immunocytochemistry was used to localize tubulin. The cultured crustacean neurons were 
stained for tubulin and actin using fluorescent dyes. Considering the neuroprotective effects of 
melatonin, thoroughly studying the pathway through which it acts will contribute to answering 
neuro-biomedical questions such as neuroregeneration and neuroprotection against oxidative 
stress and trauma. Our research may provide evidence to further support the finding that 
melatonin increases neurite outgrowth in crustaceans.  
 
 

 
 
 
 
 
 
 



  

 
Session ID:  

P-8  
Abstract Title:  

Belgrade Lakes Aquatic Plant Surveying 
Presenting Author(s): Other Authors: 

Tori Brown ’17 and Maria Urrutia Gonzalez ’17 Toni Pied, BRCA Milfoil Coordinator 

Department: 

Environmental Studies Program, Colby College, Waterville, ME 
Abstract: 

We are spending the summer surveying 4 of the 7 major waterbodies in the Belgrade 
watershed. Through our affiliation with the Belgrade Regional Conservation Alliance, we are 
compiling a comprehensive inventory of native plants by waterbody. Our main target is 
Variable Milfoil, an invasive aquatic plant that can out-compete native vegetation to decrease 
biodiversity. It also forms dense mats that limit recreational activity and can severely impact 
the local economy.  

Through surveying, we are providing the BRCA with a complete list of native and invasive 
species present in each waterbody, and then compiling reports analyzing lake characteristics. 
Each lake is separated into gridded sectors, and for each sector, an invasive aquatic plant 
screening survey documentation form is completed and submitted to the Maine Volunteer 
Lake Monitoring Program. For each grid infested with Variable Milfoil, we fill out a separate 
form for a program called iMAP Invasives, with specific data on the landscape, the nature of 
the infestation, and surveying conditions. Our tasks are completed with the help of 6 inch 
diameter tube scopes and sampling instruments, used to observe and take samples of plants 
while completing transects throughout the shallow areas of the lake.  

Of the 4 lakes surveyed, we found one fully infested with Variable Milfoil, one with a small 
infestation, and two without. Through our work, we have contributed to statewide and national 
databases. The Belgrade Regional Conservation Alliance uses this data to develop best 
invasive species management practices and help educate the community about the threat of 
this invasive plant.  
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Mathematical Modeling of Concussion Risk in High School Athletes 

Presenting Author(s): Other Authors: 

Victoria Chistolini ’18 Bruce Maxwell 
Department: 

Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

This project evaluates different mathematical models of concussion rates in high school 
athletes in order to estimate the underlying distribution of concussion risk. The models use a 
population simulation, which creates a set of individuals with the exact demographic 
breakdown: age, gender and sport play when injured, as the actual population of 41,079 

tested student athletes in the state of Maine. A fixed rate model evaluates the concussion 
breakdown of the population assuming that each athlete has an equal 9% yearly concussion 
risk. The simulation begins the athletes at age 13, and then ages them in monthly 
increments until they reach the age of the corresponding individual in the actual population. 
The output is a breakdown of the population into five separate categories, ranging from 
athletes having no concussions to those who have experienced 4 or more concussions. A 
gender risk based model and a sports risk based model evaluate individuals in the simulation 
according to risk rate associated with either their gender or sport played. The fixed rate, 
gender rate and sports rate models all give a similar output: overestimation of the1 
concussion category and underestimation of the 3 and 4 concussion categories.  

A folded normal distribution model uses a universal average rate for the entire population; 
each student’s concussion rate is set normally from this average rate. Using a linear 
optimization process the best-fit parameters of the model are identified. Although the output 
of the folded normal model more closely resembles actual population data in the 3 and 4 
concussion categories, there is still overestimation in the 1 concussion category.  

The former models have assumed that concussions develop independently and according to 
homogenous risk. Further research involves developing a customized risk model, which 
assumes a heterogeneous risk distribution, similar to models that simulate the spread of 
infectious disease.   
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Investigation of Melatonin Receptor Structure and Function in the Crustacean 
Nervous System 

Presenting Author(s): Other Authors: 

James Connelly ’16 and Simone Geary Andrea Tilden 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

Melatonin has neuritogenic and neuroprotective effects in both vertebrates and invertebrates. 
In mammalian models, melatonin modulates neurite growth through activation of the specific 
membrane-bound G-protein coupled melatonin receptors, MT1, MT2, and MT3, as well as 
through activation of intracellular receptors. Although melatonin is known to affect invertebrate 
neurite growth, little is known about the nature of invertebrate melatonin receptors or their 
mechanisms of action. In fact, the presence of melatonin receptors of any type in 
invertebrates has not yet been confirmed. This study aims to verify the presence of membrane 
bound melatonin receptors by examining melatonin’s effects on neurite growth in crustacean 
whole brain cell cultures in the presence of the known mammalian MT1 and MT2 receptor 
antagonists, 4-P-PDOT and luzindole, and the agonist, 8-M-PDOT. An influence on 
neuritogenesis in the presence of a melatonin receptor antagonist would indicate that 
crustaceans may, in fact, have membrane bound melatonin receptors. On the genomic front, 
the increasing number of available invertebrate genomes, transcriptomes, and other genomic 
data sets now give us the bioinformatics resources to explore the presence of melatonin 
receptors in phylogenetically diverse organisms. We are utilizing these newly available 
genomic resources and bioinformatics tools to search for and predict the structures of 
melatonin receptors in crustaceans.  
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Using Machine Learning to Improve Diagnosis of Concussions in High School 
Athletes 

Presenting Author(s): Other Authors: 

Dagmar Dousma ’18 Bruce Maxwell 
Department: 

Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

Concussions in high school athletes are extremely common, yet, as with other types of brain-
trauma, only mildly understood in terms of physical consequences. This project aims to test 
various subsets of symptom scores from a longer (22) symptom score checklist, and use 
machine learning techniques to identify the degree to which they help distinguish between 
baseline tests and post-concussion tests. The final goal is to find out if there is a  shorter, 
more concussion specific, and more accurate list of symptoms that can be used to diagnose 
concussions in high school athletes. This project works with the data from IMPACT testing of 
high school athletes all across Maine by the Maine Concussion Management Initiative 
(MCMI). I filtered this data into two equal sets: one containing Baseline tests, and the other 
containing Primary Post-Injury tests taken fewer than five days post concussion. I produced 
classification models using Weka Machine learning algorithms. The algorithms were then 
evaluated and used in concordance with other attribute selecting methods to get more insight 
into the data, and to ultimately determine a subset of most significant symptoms immediately 
post-injury. Through this analysis the symptom scores for balance problems, dizziness, 
sensitivity to light and noise, feeling slowed down, drowsy, and mentally foggy and difficulty 
concentrating consistently turned out to be more discriminating than others (Percentage 
Correct > 70%) , among which numbness or tingling and feeling more emotional (Percentage 
Correct < 60%). Final results will be compared to previous research and current protocols in 
the HIT and IMPACT testing methods and formulated such that their clinical insights can be 
adopted, making concussion tests more relevant, less confusing, and more concussion 
specific.  
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Polymerase Bypass of N7-Deoxyguanosine Adducts 

Presenting Author(s): Other Authors: 

Caitlin Farrington ’18 Julie Millard 
Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

Many anti-cancer drugs bind DNA, triggering death of tumor cells. 
However, such DNA binding has also been linked to development of 
chemotherapy-induced secondary malignancies years after 
treatment. The goal of our work is to identify the molecular 
mechanisms for the increased risk of secondary cancers in patients 
receiving the anti-cancer drugs nitrogen mustard, treosulfan, and 
cisplatin, all of which target the N7 position of guanine (arrow in 
adjacent figure). Specifically, we are investigating the outcome when 
DNA polymerase encounters a guanine residue with one of these agents bound at N7.  Does 
the presence of an adduct lead to termination or inhibition of DNA synthesis, incorporation of 
the wrong base during synthesis, or no problem for the polymerase?  Incorporation of the 
wrong base could lead to mutations that alter gene expression, potentially resulting in 
uncontrolled cell growth and accounting for the clinically observed secondary malignancies. 
We are incubating DNA duplexes containing a single guanine residue with the agents of 
interest and using denaturing polyacrylamide gel electrophoresis to purify modified DNA 
strands. Following annealing of a shorter complementary strand, the duplex is used as a 
template for DNA synthesis to determine what base is incorporated both opposite the lesion 
and at the next position in the 3’ direction. Preliminary findings suggest that two bacterial 
DNA polymerases (Klenow and Bst) are able to bypass relatively small lesions with good 
fidelity. Work with larger platinated lesions is ongoing, as are studies with human DNA 
polymerases. 
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Synthesis of Terpyridine Functionalized Resorcinols for the Creation of New 

Polymers 
Presenting Author(s): Other Authors: 

D’Mitri (J.R.) Farthing Jr. ’17 Reuben Hudson and Jeffrey Katz 
Department: 

Department of Chemistry, Colby College, Waterville, ME 

Abstract: 

Polymers are very large molecules made up of one or more repeating units. The Katz group 
has previously reported the selective synthesis of poly(m-phenylene oxides), a new polymer 
type (Figure 1).1 These polymers are synthesized by SNAr reaction of resorcinols with aryl m-
dihalides in DMSO. My project seeks to synthesize resorcinols that also contain nitrogen-
containing ligands known as terpyridines, a well-known type of ligand for metal ion binding. My 
resorcinol targets will then be incorporated into poly(m-phenylene oxide) polymers and I will 
investigate their ability to bind metal ions on the polymer support. 
 
To make my target resorcinols, I intend to couple 4’-bromoterpyridine to various diphenol 
precursors as shown in Equation 1. For example, using a Suzuki coupling (X = B(OH)2) will link 
the terpyridine directly to the diphenol precursor,2 while an Ullman coupling (X = -CH2NH-) will 
produce a -CH2NH- linkage to the diphenol precursor.3 
 

 
 

1) Wackerly, W. J.; Meyer, M. J.; Crannel, C.; King, B. S.; Katz, L. J. Selective Synthesis of Poly(m-
phenylene oxides) over Oxicalixarenes. Macromolecules 2009, 42, 8181-8186. 

2) Goodall, W.; Wild, K.; Arm, J. K.; Williams, G. A. J. The synthesis of 4’-aryl substituted terpyridines by 
Suzuki cross-coupling reactions: substituent effects on ligand fluorescence. J. Chem. Soc., Perkins 
Trans. 2, 2002, 1669-1681 

3) Jiang, D.; Fu, H.;Jiang, Y.; Zhao Y. CuBr/rac-BINOL-Catalyzed N-Arylations of Aliphatic Amines at Room 
Temperature. J. Org. Chem. 2007, 72, 672-674. 
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The Transition From First-Year Writing to Upper-Level Disciplinary Writing 

Presenting Author(s): Other Authors: 

Andrew Finn ’16 Stacey Sheriff 
Department: 

Department of English, Colby College, Waterville, ME 
Abstract: 

Students' transition from first-year writing (FYW) courses to upper-level, writing-intensive 
courses is a critically under-examined element of learning to write in college. Students must 
shift among axiological features of these courses like product and process, genre and 
purpose, language and rhetoric, general and specific instruction, and practical and abstract 
thought. Unfortunately, the distinctions among these features are often invisible to students 
and implicitly assumed by faculty. Yet, students’ ability to transfer and adapt knowledge 
between courses depends upon being conscious of these features; indeed, according to 
writing scholar Dana Lynn Driscoll, “lack of awareness translates into difficulty in transferring 
writing knowledge into other courses successfully” (4). Multilingual students must not only be 
aware of this shift, but also they must write in a second or even third language, which adds a 
layer of complication to this transition from FYW to upper-level disciplinary coursework. 
Furthermore, since what constitutes strong writing in an FYW course may not wholly apply to 
upper-level disciplinary courses, it is imperative that faculty help students navigate. It is 
especially important for faculty to understand the pedagogical, rhetorical, linguistic, and 
axiological implications of multilingual students’ transition to disciplinary writing, because FYW 
classrooms are more diverse and international each year. In spite of the increasing diversity of 
the FYW classroom, however, there has been little research done on how multilingual students 
negotiate this movement between first-year writing and upper-level coursework – rather, most 
research on this subject assumes that students participating in this transition are functionally 
monolingual. My project attempts to address this critical gap in research by asking: How can 
students and faculty best facilitate the progression that all students – both multilingual and 
monolingual – make from FYW to upper-level disciplinary writing courses? How can Colby most 
effectively support its burgeoning international student population in this context?  
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Quick, Take the Right Pill: An Examination of the Implementation of New 

Medicine Reconciliation Procedures 
Presenting Author(s): Other Authors: 

Sam Glaisher ’16 Roger Renfrew, M.D. and Andrea Gimpel-Blanchard, Ph.D. 
Department: 

Health Services, Colby College, Waterville, ME 
Abstract: 

Today, the average hospitalized patient is subject to one medication error per day1. The 
Alfond Center for Health (ACH) in Augusta has made improving their Medicine Reconciliation 
(the database used to catalog patient medications) a top priority, and this research will 
measure the effectiveness of the new protocols the hospital has implemented.  
The ACH has implemented the use of pharmacy technicians to enter the patient medications; 
prior to this, nurses entered the data. This insures that the medications are being recorded 
by staff knowledgeable in drug interactions and who’s only job is to input patient medications. 
This study began prior to the implementation of pharmacy technicians, during that time 
nurses were shadowed in the Emergency department and the amount of time taken to 
complete the Medicine Reconciliation process was recorded. When the new protocol was 
implemented, pharmacy technicians were observed and the same variables were measured. 
The goal of this research is to identify how effective the new Medicine Reconciliation process 
is at ACH, and these findings are important in identifying how patient care can be improved 
moving forward. The results to date indicate that pharmacy technicians spend more time 
questioning patients and imputing the medications than the nurses (M= 28.05 and M= 11.03 
minutes respectively), and that the medication list are more complete (100% completeness 
vs. 69% completeness).  
As a student pursuing a career in the medical field, this research is important because it has 
highlighted an aspect of medicine rarely explored during other clinical exposures. For others, 
this research is important because it demonstrates the constant attempt for quality 
improvement in our area hospitals as they continue to keep our community healthy. 
Furthermore, it demonstrates Colby’s continuing involvement in improving aspects within the 
community surrounding Mayflower Hill. 
 
1. Barnsteiner JH. Medication Reconciliation. In: Hughes RG, editor. Patient Safety and 
Quality: An Evidence-Based Handbook for Nurses. Rockville (MD): Agency for Healthcare 
Research and Quality (US); 2008 Apr. Chapter 38. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK2648/ 
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Weakening Mechanisms in the Norumbega Fault Zone, Maine 

Presenting Author(s): Other Authors: 

Jenna Hill ’16 and Kelford Mitchel ’16 Walter Sullivan 
Department: 

Department of Geology, Colby College, Waterville, ME 
Abstract: 

The outer shell of Earth is composed of rigid plates that are constantly drifting at rates of 5-
100cm/yr. The existence and movement of these plates is dependent on rock weakening 
mechanisms that localize deformation at their perimeters.  The cause of this weakness is 
incompletely understood and can vary between different types of plate boundaries. Strike-slip 
boundaries occur when two plates slide horizontally past each other. These fault zones exhibit 
some of the most profound rock weakening and localized deformation on Earth.  Furthermore, 
strike-slip motion and associated deformation penetrates deep through the entire rigid plate 
into Earth’s mantle.  Here in Maine, the Norumbega Fault system accommodated strike-slip 
motion between two ancient plates during the late Paleozoic era (~380-260mya). This 
collection of strike-slip faults runs parallel with the coast across the state of Maine. Evidence 
for this ancient plate interaction is recorded in deformed rocks of the fault zones.  Our work 
focuses on two different exposures of the Norumbega fault system.  The first area is in 
Kennebec County, Maine, where we will investigate and compare indicators of motion within 
weakly metamorphosed carbonate and silicate rocks deformed within 10-15 km of Earth’s 
surface.  At our second location in Lincoln County, Maine, we will perform similar work with 
intensely metamorphosed sedimentary and igneous rocks, deformed much deeper within 
Earth’s crust.  Our goal is to better understand the physical and chemical mechanisms of rock 
deformation and how they control the weakness of strike-slip plate boundaries.  Our results 
can be used as a case study to understand rock deformation processes in modern strike slip 
systems such as the San Andreas Fault in California. 
 

 
 
 
 
 
 
 



  

 
Session ID:  

P-17  
Abstract Title:  
A Novel Method for Rapid Measurement of Ammonium and Nitrite Isotope Ratios 

with Time-of-Flight Mass Spectrometry 
Presenting Author(s): Other Authors: 

Ellie Irish ’17 
Kara Witherill ’15, Emma Berger ’17, Rebecca Chmiel 
’17, Thabiso Kunene ’15, Andy Clevenger ’15, Brenda 

Fekete, Denise Bruesewitz, and Whitney King 
Department: 

Departments of Chemistry and Environmental Studies, Colby College, Waterville, ME 
Abstract: 

As a part of our water quality research within the Belgrade lakes system this summer, a new 
analytical method has been optimized to analyze how nitrogen (N), in the form of ammonium 
and nitrite, is cycled within the aquatic ecosystem. The use of 15-nitrogen stable isotope 
tracers is a valuable tool for understanding N cycling in aquatic ecosystems where the isotope 
acts as a “dye” to track reaction mechanisms and rates. Analytical measurement of 14-N: 15-
N ratios has traditionally involved incubations to concentrate N onto filters for analysis by 
isotope-ratio mass spectrometry. This process is time-consuming and often requires large 
sample volumes, a challenge for mesocosm experiments.  
 
Here, a technique for measuring 14-N:15-N in ammonium and nitrite is presented using ESI-
TOF mass spectrometry. Both nitrogen species are too light to be directly detected by ESI-TOF 
MS.  Ammonia in small volumes of water sample (<10 ml) is complexed with excess phenol 
using the Bertheiot reaction, which produces a heavier indophenol blue complex. Nitrite is 
converted to a heavier azo dye via the Greiss reaction. The excess reagents are removed and 
the derivatized products are concentrated using C-18 solid phase extraction. This efficient 
elution process is automated using a computer controlled syringe pump and autosampler. The 
extracts are analyzed using a HPLC-ESI-TOF with spectrometer to measure both solution 
absorbance and 14-N:15-N isotope ratios. The resulting concentrations and isotopic ratios are 
measured at the ppb level. 
 
This new analytical method vastly reduces the amount of sample needed for analysis and is a 
more efficient technique for tracking N redox transformations within many aquatic 
ecosystems, including lake and estuarine systems.  
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Index of Economic Well-Being 
Presenting Author(s): Other Authors: 

Gary Koplik ’16 Michael Donihue 
Department: 

Department of Economics, Colby College, Waterville, ME 
Abstract: 

In 2013, President Obama described income inequality as posing “a fundamental threat to 
the American Dream.” Income inequality is on the rise in the United States, but does this 
also imply that there has been a decline of individual well-being? Although there has been 
some research looking at individuals’ overall prosperity rather than welfare based solely on 
income, most of the research has been completed outside of the United States and is usually 
based on cross-country surveys, none of which exist at the local level for the United States. 
We have begun to assemble various measures of quality of life separated into economic, 
health, crime, education, and environmental components to act as an instrument for well-
being. We then plan to create a composite index of economic welfare in the U.S. capable of 
geo-spatial analysis and mapping to uncover differences in well-being throughout the United 
States. Such an index would help policymakers target not only the optimal locations but also 
the specific types of expenditures that would maximize improvements in individuals’ quality of 
life. 
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Putting Together a Survey for a Community Based Research Project 

Presenting Author(s): Other Authors: 

Albertha Ladina ’17 Sahan Dissanayake, Michael Donihue, Whitney King, 
and Dan Shea 

Department: 

Department of Chemistry and the Goldfarb Center, Colby College, Waterville, ME 
Abstract: 

The Belgrade Lakes Water Quality Project is an effort to reverse the declining water quality in 
the seven Belgrade lakes through scientific research, community outreach, and education 
initiatives brought forth by Colby, the Maine Lakes Resource Center (MLRC), and five other 
nonprofits in the Belgrade region.  Critical to this work is an understanding of community 
environmental knowledge and attitudes concerning water quality. According to literature on 
science communication and environmental attitudes and behaviors (Nisbet 2009), many 
communication efforts are based on institution-driven approaches, starting with the false 
premise of the public lacking science literacy. As a result, the public does not become 
involved in the research and decision making process.  Thus, transferring scientific 
knowledge and data into action that is productive to a community becomes a difficult 
process. It is therefore important to learn how a particular community values and 
understands research in order to propose an effective communication plan.  We are 
developing a widespread survey to gather information on the extent of the Belgrade people’s 
knowledge about the issue at hand, how they value their lakes, and how they respond to 
information about the effects of declining water quality. Informing the survey design have 
been extensive tours of the Belgrade area, participation in lake water quality data collection, 
and interviews of a broad, local constituency to determine their environmental attitudes and 
beliefs. 
 
Reference: 
Nisbet MC and Scheufele DA. 2009. What’s next for science communication? Promising 
directions and lingering distractions.  Am J Bot 96: 1-12.  
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Drosophila by Measuring Period and Timeless Genes 
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Dawon Lee ’17 S. Tariq Ahmad 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

Frontotemporal dementia (FTD) is a neurodegenerative disorder that accounts for up to 50% of 
dementia cases in those younger than 65 years of age. Typical symptoms of FTD include 
extreme changes in behavior and personality as well as uncontrolled movements. Recently, 
neurodegenerative disorders, including FTD, have been associated with disruptions in 
circadian rhythm. Molecularly, abnormal accumulation of several proteins in the brain cells 
was observed in patients with FTD, yet they have not discovered the cause. A mutation in 
CHMP2B (CHMP2BIntron5), a gene associated with a hereditary form of FTD causes an 
accumulation of certain structures, particularly the autophagosomes and multilamellar 
structures. In this research, CHMP2BIntron5 is ectopically expressed in the Drosophila, fruit fly, 
model to measure certain mRNA and protein levels that would indicate an alteration to the 
circadian rhythm. Similar to mammalian circadian rhythm, Drosophila circadian rhythm is 
maintained in a 24-hour cycle by numerous genes, including period (per) and timeless (tim). 
Differences in mRNA and protein levels of per and tim in FTD-induced flies compared to wild 
type flies were measured using real-time Polymerase Chain Reaction (PCR) and Western Blot, 
respectively. per mRNA and tim mRNA levels were significantly reduced at two time points 
during the day; the PER and TIM protein levels in FTD-induced flies and Canton-S flies are 
currently being analyzed. This study will improve understanding of circadian rhythm defects in 
mutant CHMP2B-induced FTD by specifying abnormal mRNA and protein levels.  
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Abstract Title:  
Evolution of Black Hole and Galaxies Across Cosmic Time 

Presenting Author(s): Other Authors: 

Yuxuan Li ’17 Dalibor Kocevski  
Department: 

Department of Physics and Astronomy, Colby College, Waterville, ME 
Abstract: 

In order to investigate the evolution of black hole and galaxies across cosmic time, we have 
obtained new X-ray imaging of distant galaxies from the Chandra Space Telescope. These 
observations are important not only for exploring the early Universe, but also for predicting the 
evolution of our own galaxy. 
 
Therefore we embark on reducing the raw data from Chandra observation by using a custom 
built analysis pipeline. It contains a series of shell scripts and command codes with which we 
are able to eliminate noises and observation errors in the images sent from Chandra Space 
Telescope and to generate particular data products with different energy bands for further 
investigation. Due to the update of CIAO (an X-ray data analysis software) and the 
compatibility of operating system, we have made a number of modification to the shell scripts. 
We present the results of two sets of test data in the COSMOS and AEGIS fields, processed 
through the pipelines. Compared with the published results, our test outcome shows a 
significant credibility of the modified command codes. Our ChandraPipeline Process is 
qualified for data reduction of the coming X-ray data at the end of July.  So long as we finish 
the reduction of latest raw data, we are able to identify the properties of unknown galaxies, 
verify the existence of black holes in these galaxies, and further trace the evolution process of 
galaxies and black holes. 
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Abstract Title:  
But How Old Is It, Really?: Dating Volcanic Rocks Related to the End-Permian 

Mass Extinction 
Presenting Author(s): Other Authors: 

Kathy Lipshultz ’16 Robert Gastaldo and Johann Neveling 
Department: 

Department of Geology, Colby College, Waterville, ME 
Abstract: 

The Permian-Triassic mass extinction event extinguished nearly 70% of all living land species 
252.3 million years ago. The Karoo Basin in South Africa, host to a rich record of plant and 
animal fossils, serves as a primary site for evidence of the extinction event in the terrestrial 
realm. However, the location of the stratigraphic boundary indicative of the Permian-Triassic 
transition remains hotly contested. A 2014 model proposed by R. Smith and J. Botha-Brink 
uses the physical characteristics of rocks and the correlation of rock layers by the fossils 
within them to determine the location. However, our observations and data suggest that their 
model not only is implausible, but also perpetuates misinformation.  
 
Our project is to use zircon dating to test Smith and Botha-Brink’s hypothesis about the 
duration of the extinction, which is suggested to be less than 65,000 years. Zircon grains 
solidify at the same time as their surrounding rock, and as such dating them yields the age of 
formation of the rock. In Old Lootsberg Pass, Eastern Cape, South Africa, we collected 
samples of porcellanite (cemented volcanic ash) that contain zircon grains. According to 
Smith and Botha-Brink’s calculations, the zircons should be ~252.4 million years old. Should 
we find that the age of the porcellanite differs from this well-circumscribed boundary date, the 
model will require a re-interpretation. The results of this project could be pivotal in correcting 
the current understanding of the Permian-Triassic boundary on land. 
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P-23  
Abstract Title:  

Phosphorylation of the Transcription Factor TaABF1 During Abscisic Acid 
Signaling in Cereal Grains 

Presenting Author(s): Other Authors: 

Juvenal Lopez ’16 and David Chelimo ’17 Russell Johnson 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

The transcription factor TaABF1 plays an important role in abscisic acid (ABA) signaling in 
cereal grains, as it mediates both stimulation of ABA-induced genes (e.g. HVA1) and inhibition 
of ABA-suppressed genes (e.g. Amy32b). There is evidence that TaABF1 undergoes serine 
phosphorylation in vivo, suggesting that TaABF1 could be regulated by the addition of 
phosphate groups. We seek to determine whether altering serine residues on TaABF1 affects 
the transcription factor’s ability to activate HVA1 expression or downregulate Amy32b 
expression. Previously, the Johnson Lab prepared TaABF1 effector constructs with four serine 
codons (S36,S37,S113,S115) altered to alanine (S36A,S37A,S113A,S115A)—not 
phosphorylatable—or aspartate (S36D,S37D,S113D,S115D), which simulates a 
phosphorylated serine. Introduction of these constructs into aleurone cells by particle 
bombardment indicated that phosphorylation can have stimulatory as well as inhibitory effects 
on TaABF1. For instance, an S36D/S37D double mutant TaABF1 effector was more active 
than WT TaABF1, but not as active as the 4xD mutant. In contrast, analysis of S113D TaABF1 
effector constructs indicated that phosphorylation at S113 greatly reduces TaABF1 activity. To 
further investigate the effect of phosphorylation on TaABF1 activity, we have prepared TaABF1 
effector constructs with only three serine codons (S36,S37,S115) altered to alanine or 
aspartate. Since the 4xD mutant TaABF1 effector was found to be the most active version of 
TaABF1, and since the S113D TaABF1 effector construct showed reduced TaABF1 activity, we 
hypothesize that the S36D/S37D/S115D triple mutant TaABF1 effector will result in TaABF1 
activity levels higher than those observed in the 4xD mutant. We will also investigate the 
effects of phosphorylation at S37 and S115, individually. Finally, we will use mass 
spectrometry to identify the TaABF1 serine residues phosphorylated by protein kinases and to 
determine if TaABF1 phosphorylation is regulated by ABA. 
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Abstract Title:  

BAG3 Knockdown and its Effect on the Cytotoxicity of Laromustine 

Presenting Author(s): Other Authors: 

Amanda Loya ’18 Kayla Gross ’13, Colin Sheehan ’15, Jo Bellairs 
’11, Kevin Rice 

Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

Laromustine is an anticancer drug that has been successfully tested against certain blood and 
brain cancers. The drug’s activity arises from its ability to interfere with the DNA of replicating 
cells. This DNA damage is thought to induce a certain kind of cell death called “apoptosis”. In 
order to better understand the effect of laromustine on cancer, we studied 88 genes involved 
in apoptosis in cells exposed to the drug. The extent to which several of these genes are used 
changed upon drug treatment.  The use of one gene in particular, called “BAG3”, increased 
300 times compared to untreated experiments. BAG3 is a gene that cells use to prevent 
apoptosis.  We hypothesize that the increase in BAG3 is a survival mechanism in response to 
the harsh environment created by laromustine. This study aims to measure whether cells 
become more susceptible to laromustine when they aren’t able to defend themselves with 
BAG3.  To do this, we are modifying the DNA of cultured human leukemia cells such that 
BAG3 is destroyed as soon as it is made. We will infect cells with custom designed viruses 
derived from the human immunodeficiency virus (HIV-1). These viruses can change the 
chromosomes of cells they infect. After infecting the leukemia cells with the chromosome-
altering virus, we will measure the amount of BAG3 the cells are able to make.  If a significant 
decrease in BAG3 production is confirmed, we will then measure the levels of laromustine-
induced apoptosis in leukemia cells with high and low BAG3.  If the cells with lower BAG3 
production are killed by laromustine more readily, this could suggest new therapeutic 
strategies for leukemia patients. These results would also provide oncologists with a possible 
diagnostic tool to determine the possible effectiveness of laromustine treatment. 
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P-25  
Abstract Title:  

Using Computational Models to Evaluate the Ecology of Great Pond 

Presenting Author(s): Other Authors: 

Charles Macaulay ’16 Denise Bruesewitz and Whitney King 
Department: 

Environmental Studies Program, Colby College, Waterville, ME 
Abstract: 

Lake health is quantifiable by Gross Primary Production (GPP) and Respiration (R), which 
indicate the amount of autotrophic and heterotrophic activity, respectively, in a given 
freshwater system. Because autotrophs and heterotrophs produce and consume oxygen, 
respectively, trends in dissolved oxygen (DO) in a lake can be used to determine GPP and R. 
Coinciding wind speeds, photosynthetically active radiation, and water temperatures at 
multiple depths including the depth of DO sensors also play a role in determining GPP and R.  
 
Trends in GPP and R are important, universally-recognized quantities amongst limnologists 
and can be quickly and accurately calculated en masse using computational methods 
executed on data sourced from a remote buoy on Great Pond (Belgrade, ME) and weather 
station at the Maine Lakes Resource Center (Belgrade, ME). These methods can also be 
used to efficiently analyze trends in the sampled data, and basic programs can be developed 
to automate it’s quality assurance and input into useful models. Modeling GPP and R for 
large spans of time (~2 years) and evaluating trends in sampled data provides valuable 
insight on the health of Great Pond. A more in-depth and dynamic analysis of the health of 
Great Pond may inform public knowledge and policy changes to protect the lake.  
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P-26  
Abstract Title:  

Water Quality Initiative Project in the Belgrade Lakes 

Presenting Author(s): Other Authors: 

Sergio Madrigal ’17 Francis Dunham ’16 and Whitney King 
Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

The Belgrade Lakes Project is a collaboration between Colby College, the Maine Lakes 
Resource Center, and the Belgrade Regional Conservation Alliance to gather data on the 
water quality of the Belgrade lakes with the goal of creating a comprehensive water quality 
remediation plan.  The plan will educate business owners, landowners, stakeholders, and 
visitors to the Belgrade lakes about the changing water quality of their respective lakes, and 
encourage them to commit to Best Management Practices in order to maintain excellent lake 
quality, business revenue, land value, and recreation areas. 
 
Our main responsibilities included DEP-certified, bi-weekly water sampling at pre-designated 
depths in 10 locations; weekly probe readings of temperature, oxygen concentration, total 
and dissolved phosphorus, total and dissolved nitrates, conductivity and chlorophyll, and 
Secchi transparency.   
 
This presentation will discuss the logistical challenges of undertaking this large field 
campaign and compare and contrast the water quality trends for each of the Belgrade lakes.  
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P-27  
Abstract Title:  

Cognitive and Social Consequences of a DISC1 (Disrupted-in-schizophrenia) 
Genetic Knockout in Sprague Dawley Rats 

Presenting Author(s): Other Authors: 

Leigh Mathieu ’16 and Veronica Mitchell ’16 Melissa Glenn 
Department: 

Departments of Biology and Psychology, Colby College, Waterville, ME 
Abstract: 

Schizophrenia is a devastating mental disorder that affects approximately 1% the population 
world-wide. It is characterized by a collection of symptoms such as hallucinations, delusions, 
disordered thoughts, anxiety, social withdrawal, and problems with attention and memory. 
The biological basis of schizophrenia is not well understood but advances in genetics have 
led to the discovery of several genes that place individuals at greater risk for the disorder. 
One such gene is DISC1 (disrupted-in-schizophrenia) and mutations in it in humans is 
associated with increased development of psychiatric illness, particularly schizophrenia, but 
also depression and bipolar disorder. There are also correlations with DISC1 disruptions and 
cognitive and behavioral characteristics of schizophrenia in human populations and mice 
models. However, rat models yield greater similarities to humans in cognition and genome, 
and thus provide more translational data. Thus, the recent development of a DISC1 knockout 
rat offers us an excellent opportunity to understand the ways in which this gene contributes 
to schizophrenia-like symptomology. Accordingly, the present study was designed to 
characterize the behavioral effects of biallelic deletion (a complete knockout) of the DISC1 
gene in Sprague Dawley rats. Past research in our lab revealed that DISC1 knockout rats, in 
comparison to intact, wildtype rats, were hyperactive and had impaired sensory gating; these 
behaviors are analogous to symptoms in humans. We plan to add to this research by 
examining the effects of the DISC1 knockout on play behavior in juvenile rats and memory in 
adult rats. We hypothesize that the DISC1 knockout will lead to impaired social functioning 
and cognitive deficits, characteristics of schizophrenia in humans. 
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Abstract Title:  

Valuing Proposed Maine National Park 

Presenting Author(s): Other Authors: 

Ryu Matsuura ’17 Sahan Dissanayake 
Department: 

Department of Economics, Colby College, Waterville, ME 
Abstract: 

Katahdin Woods and Waters, and the Elliotsville Plantation, Inc. propose the creation of a 
new National Park in northern Maine. The proposed park is expected to boost the economy of 
Penobscot County and Piscataquis County by attracting more visitors to Maine and creating 
National Park Service jobs. However, some groups of people fiercely oppose this proposed 
national park. The groups include hunters and snowmobilers, who are concerned that the 
national park would bring new regulations of their activities. Though the preferences of Maine 
residents for the park is known, currently there is no information if residents from around New 
England will visit the park. Our research attempts to fill this information gap by identifying the 
preferences and willingness to pay (WTP) for the new national park by out of state visitors in 
New England. We use a choice experiment survey to gather the data.  We find that 60% of the 
respondents are interested in visiting the park and only 12.5% had previously visited Baxter 
State Park. We further find that fishing permission and the creation of new jobs increase a 
respondents’ WTP for the national park while allowing hunting and snowmobile access 
decreases the overall respondents’ WTP. However, we also find that the respondents who 
frequently go hunting have a higher WTP for the national park with hunting access, which 
suggests that they support the national park if hunting is allowed. By identifying the 
preferences of potential visitors outside of Maine for the proposed park we are contributing to 
the ongoing policy dialogue in Maine regarding the park.  
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Abstract Title:  

HITApp: An Application for Recording and Tracking Concussions 

Presenting Author(s): Other Authors: 

Octavian Murad ’17 Bruce Maxwell 
Department: 

Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

HITApp is a low bandwidth web application created to aid the Maine Concussion Management 
Initiative in gathering and analyzing concussion information from high schools and colleges in 
the US. It is intended to be used by athletic trainers and school health practitioners to report 
concussions in athletes and non-athletes. In addition to gathering information about the 
concussion event itself, it will also gather demographic and health information that health 
researchers believe are relevant to concussion incidence and recovery. The goal is to enable 
better prevention of and recovery management from concussions. 
 
When creating a website designed to collect and analyze a vast amount of medical information 
from thousands of institutions around the US, it is important to provide the users with a 
simple and intuitive interface, to divide information flow and administrative responsibility into 
a well organized pyramidal structure, and to offer data analysts a powerful and efficient set of 
investigative tools. 
 
Designed with these guidelines in mind, the information is collected through an accessible 
report that allows for easy and fast completion, while accurately acquiring data about factors 
that are important both in diagnosing the severity of the concussion and in identifying trends 
in the prevalence of head injury. HITApp was developed to accommodate an ever growing 
number of users by dividing the information gathering process into self-governing components 
at institution and state level, and by centralizing the data onto the Maine Concussion 
Management Initiative’s servers where it will be analyzed. 
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Abstract Title:  

Bimolecular Fluorescence Complementation for the Interaction of Inter-
membrane Proteins 

Presenting Author(s): Other Authors: 

Ray Nakada ’17 Ronald Peck 
Department: 

Department of Biology, Colby College, Waterville, ME 
Abstract: 

Integral membrane proteins are found in an organism’s membrane. Membrane proteins are 
important for a cell’s ability to react to its environment. Bacteriorhodopsin (BR) is a well-
studied integral membrane protein found in Halobacterium salinarum that acts as a light-
driven proton pump that ultimately provides the cell with energy. BR is comprised of 
Bacterioopsin (BO) and retinal cofactor; in recent studies, it has been shown that the enzyme 
lycopene elongase (lye) converts lycopene, a precursor to retinal in the biosynthetic pathway 
of BR, to Bacterioruberin. It has also been shown that the presence of Bacterioopsin inhibits 
the activity of lye, resulting in the production of retinal, and subsequently, BR. After our 
previous attempts to show that lye directly interacts with BO proved unsuitable, we decided to 
show the direct correlation of the two proteins using a method called bimolecular 
fluorescence complementation (BiFC). BiFC involves the assembly of two fragments of a 
fluorescent protein – in our case Green Fluorescent Protein (GFP) – which are attached to the 
proteins of interest: BO and lye. Previous studies done in our lab show that the BO and lye 
from H. salinarum are still functional in another halophilic organism, Haloferax volcanii. We 
have also previously demonstrated the fluorescence of GFP in H. volcanii, leading us to try 
and integrate these proteins and the GFP fragments into H. volcanii. If BO and lye directly 
interact with eachother, we should be able to see GFP fluoresce. Thus far, we have 
succeeded in designing the synthetic genes coding for the two fragments of GFP and our 
positive controls, CDS 835, which are known to homodimerize in H. salinarum. Now, our lab 
needs to extract BO and lye, ligate the two proteins and our positive control with the two GFP 
fragments, and transform them into H. volcanii. 
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Abstract Title:  

Synthesis of Helically-Shaped Compounds 

Presenting Author(s): Other Authors: 

Sava Petovic ’17 and Christopher Lee ’17 Jeffrey Katz 

Department: 

Department of Chemistry Colby College, Waterville, ME 
Abstract: 

Helicenes are spiral-shaped compounds known for their angularly connected benzene rings. 
The helical shape is a result of the compoud wrapping around itself and forcing itself to spiral 
(Figure 1). Helicenes are useful compouds; they can be used as chiral ligands for transition 
metals in asymmetric catalysis by favoring one stereoisomer’s creation over the other1. While 
many helicenes have been synthesized before, heterohelicenes have not been thoroughly 
researched. Our goal is to create new heterohelicenes, compouds with heteroatoms (non-
carbon atoms) on the terminal rings. To make our target compounds, we will use an acetylene-
activated SNAr-anionic cyclization reaction cascade, a method developed in the Katz Group, as 
the key step (Figure 2). This method of ring closure forms the terminal 5-membered rings by 
reacting an ortho-fluoro acetylene with an oxygen or nitrogen nucleophile (Nu–). Through our 
investigations, we hope to synethsize previously unknown heterohelicenes and find optimal 
conditions for their formation. 
 

  

 
Figure 1: Example of an all-carbon helicene2 

 
Figure 2: Our planned heterohelicene synthesis 

 
[1] Gingras, M., One hundred years of helicene chemistry. Part 3: applications and properties of carbohelicenes, Chem. Soc. 
Rev., 2013, 42, 1051-1095. 
[2] Chemistry of functional molecules: Institute of Organic Chemistry and Biochemistry ASCR, http://www.cfm.uochb.cz/ 
(accessed Jul 07, 2015). 
[3] “An Alternative Role for Acetylenes: Activation of Fluorobenzenes toward Nucleophilic Aromatic Substitution” Katz, J. L.; 
Wackerly, J. W.; Braunstein, E. D.; Zhang, M.; Nodder, S.T.; Carlin, S. M. J. Org. Chem. 2013, 78, 5987−5998 
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Building an Online Home for the Big Five Personality Inventories 

Presenting Author(s): Other Authors: 

Juliana Pham ’16 Christopher Soto 
Department: 

Department of Psychology, Colby College, Waterville, ME 
Abstract: 

The “Big Five” personality domains--Extraversion, Agreeableness, Conscientiousness, 
Neuroticism, and Openness to Experience--capture basic individual differences in people’s 
personality traits. The Big Five Inventory (BFI; John, Donahue, & Kentle, 1991) is one of the 
most widely used measures of the Big Five, and the Big Five Inventory-2 (BFI-2; Soto & John, 
2015) is a recent revision and extension of the original BFI that includes three facet traits 
within each personality domain. This summer, I have worked with Prof. Christopher Soto to 
develop a website that can serve as an online home for the BFI and BFI-2. The website 
provides information about the history of the Big Five model and its real life implications, the 
use of the BFI and BFI-2, and researchers who developed the BFI and BFI-2. I used the 
Wordpress content management system to build the website and Adobe Illustrator and 
Photoshop as graphic design tools. This poster will present background information on the Big 
Five Model, information regarding the use and existing research on the BFI and BFI-2, and the 
methods used to develop the website. 
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One Step at a Time: Mapping Colby’s Nitrogen Footprint  

Presenting Author(s): Other Authors: 

Emma Reif ’16 Kevin Bright 
Department: 

Office of Sustainability, Colby College, Waterville, ME 
Abstract: 

Increased human activity has led to a severe influx of nitrogen, impacting aquatic ecosystems 
in ways that cause both environmental and anthropogenic damage. Excess nitrogen from 
fertilizers runs off into bodies of water and causes algal blooms, which reduces the oxygen 
and increases the toxins in the water. Nitrous oxide, an extremely potent greenhouse gas that 
is emitted from burning fossil fuels, has a global warming potential of 298 over the period of 
100 years, compared to carbon dioxide, which has a global warming potential of 1 over the 
period of 100 years.   
 
In order to mitigate these harmful effects, it’s important to first be aware of the impact your 
institution has on the nitrogen cycle. In order to create a nitrogen footprint for Colby, data on 
Colby’s utilities, transportation, food purchases, fertilizer use, and lab animals were first 
collected, and then analyzed using a program developed by UVA. Through the assemblage of 
this extensive data, Colby’s nitrogen footprint can be determined. This footprint will be useful 
in targeting areas of high nitrogen emissions in Colby’s operations to improve Colby’s overall 
sustainability and reduce environmental consequences.  
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Nitrogen Cycling in Gloeotrichia Blooms in the Belgrade Lakes  

Presenting Author(s): Other Authors: 

Harriet Rothschild ’16 and Brian Kim ’18 Charles Macaulay ’16, Denise Bruesewitz, Peter 
Countway, and Rebecca Chimel ’15 

Department: 

Environmental Studies Program, Colby College, Waterville, ME 
Abstract: 

Gloeotrichia echinulata are a cyanobacteria that are common in many clear-water lakes in 
Maine. Gloeotrichia appear in lakes during mid summer and last until fall. In the field, we are 
measuring the density of the Gloeotrichia colonies throughout the summer. In the lab, we are 
monitoring their Nitrogen uptake rates to understand how they influence the lake’s Nitrogen 
cycle. Our partners at Bigelow Laboratories in Boothbay Harbor are extracting Gloeotrichia 
DNA for further analysis along with researching any potential toxins. 
  
This research on Gloeotrichia is crucial to the Belgrade Lakes and can be applied to the 
entire state of Maine. The Gloeotrichia in the Belgrades have been blooming earlier in the 
summer and tend to concentrate in shallow portions of the lake. Our goal is to learn more 
about the how the Gloeotrichia affect the Nitrogen cycle and the implications on the health of 
the Belgrade Lakes. Limited research has been conducted on Gloeotrichia in Maine and it is 
unclear if and when the blooms will disappear. In the meantime, our research accompanies 
other organizations’ efforts to understand how the colonies redistribute nutrients throughout 
the lake. On a day-to-day basis, our sampling raises awareness in the community on lake 
health. In the future we hope to contribute information on the intricacies of Gloeotrichia 
nitrogen cycling to the Limnology community. Our research will help to preserve the Belgrade 
Lakes for future generations to enjoy.  
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Using an Aerial Drone to Visually Document Inaccessible Terrain in South Africa 
that Represents the Landscape Following the Permian-Triassic Mass Extinction 

Presenting Author: Other Authors: 

Takuto Sasajima ’161 Robert Gastaldo1 and Johann Neveling2 

 
Department: 

1 Department of Geology, Colby College, Waterville, ME 
2 Council of Geosciences, Pretoria, South Africa 

Abstract: 

The Karoo Basin in South Africa is known for its well-preserved rock and fossil records of the 
Permian-Triassic Mass Extinction (PTME) 252 million years ago. According to a study by Smith 
and Botha-Brink in 2014, massive siltstones and sandstones are the predominant rocks in 
the basin. Yet, there is still poor understanding of the lateral changes across the region. 
 
Data and samples of this project were collected at Old Wapadsberg Pass (OWP), Eastern 
Cape Province, in an interval of sandstones and siltstones, known as the Katberg Formation, 
above the vertebrate-defined Permian-Triassic boundary. The base of the formation consists 
of a 20 to 40 meter-thick sandstone, which is thought to have formed from sediments 
accumulated in braided river channels in the Early Triassic period. Because the sandstones 
are often found as ledges on steep mountainsides, it is difficult to access these rocks and 
acquire close-up examination. To obtain a more comprehensive view of these rocks, we have 
deployed remotely controlled aerial drones to take videos and photos of the geologic features 
reported to be indicative of the post-extinction landscape. 
 
Using this technology, together with traditional field methodologies, we have developed a 
better understanding of the lateral relationships of the rocks in the study site. A photographic 
record of the uppermost sandstone at the top of OWP also raises the question of whether 
these river channels were as shallow as is envisioned in the current model. We will use our 
data to modify the current interpretations of these sandstones as they appear to have been 
deeper river channels than previously represented. 
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Graphic Representations of Lake Quality Data For Citizen and Scientific 
Understanding 

Presenting Author(s): Other Authors: 

Anne Schechner ’15 Whitney King 
Department: 

Department of Chemistry, Colby College, Waterville, ME 
Abstract: 

Frequently, one of the obstacles to environmental change is the lack of interest by 
stakeholders due to their inability to understand the environmental issue at hand.  Using R’s 
statistical tools and graphics packages, I am working to develop visual aids and 
representations of big data on lake water quality to further scientific understanding of policy 
recommendations.  Key target audiences are average watershed citizens and  youth  in order 
to promote greater involvement and personal investment in water quality.  For example, I am 
using R to develop a heat map  of temperature and oxygen data that illustrate changes at 
different depths as the season progresses.   These visuals become “weather maps” of lake 
water quality and can be compared with previous year conditions.  These and other graphics 
depicting lake information are shown at a weekly market at Belgrade’s Maine Lakes Resource 
Center, where residents and visitors of all ages can engage with the data to better understand 
the health of the nearby lakes.    
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Paul Scott ’16 Julie Millard 

Department: 

Department of Chemistry, Colby College, Waterville, ME 

Abstract: 

Epichlorohydrin (ECH, Figure 1) is a probable human carcinogen widely used in the synthetic 
polymer industry. Rats exposed by inhalation to this compound show an increased incidence 
of tumors of the nasal cavity, and exposed human industrial workers show a variety of ill 
effects, including chromosomal aberrations. Our ultimate goal is to understand the molecular 
mechanism by which this agent causes its biological effects. Previous work in our lab 
suggests that ECH reacts with DNA at deoxyguanosine residues to form both monoadducts 
and interstrand cross-links. Because the compound has two reactive groups, an epoxide and 
chloride, it can react to form two possible monoadducts (Figure 2). The immediate goals of 
this work are to determine which monoadduct is actually formed on the way to cross-links and 
to confirm the structure of the cross-link. We are reacting ECH with defined sequence 
oligonucleotides and plasmid DNA and then characterizing the products. To demonstrate that 
cross-links form in plasmid DNA and to optimize reaction time, linearized plasmid is reacted 
in a time course with ECH, and the products are denatured and then analyzed on an agarose 
gel. Cross-links have the same mobility as a double-stranded control, which appears retarded 
relative to a single-stranded control. To characterize the structures of the monoadducts and 
cross-links formed, modified guanine residues are released through thermal hydrolysis and 
characterized through a time-of-flight mass spectrometer (Agilent 6200 Series), which 
determines the mass of each product. The experimental masses seen in the mass spectrum 
are then compared to the predicted mass of each monoadduct and the presumed cross-link.  

 
 

 
 

Figure 1: Epichlorohydrin Figure 2: Possible monoadducts of 
ECH and guanosine 
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Department of Biology, Colby College, Waterville, ME 
Abstract: 

Oxidative stress is the negative effects of oxygen free radicals, such as those induced by 
hydrogen peroxide (H2O2). Free radicals affect the brain through false signaling, improper gene 
activation, protein denaturation, membrane disruption, and cell death. These effects can 
eventually lead to problems such as neurodegenerative diseases and cancer. In our model 
cells, oxidative stress is marked by a reduction in the growth of projections called neurites. 
Melatonin has been shown to rescue this growth and have potent neuroprotective effects. 
Glutathione is an exceptionally active peptide in the reduction of oxidative stress. Vitamin C is 
a water-soluble molecule known to reduce oxidative stress in the extracellular matrix within 
the nervous system. Vitamin E is lipid soluble, and can therefore have antioxidant effects 
within the cells. This study first compares the antioxidant effects of melatonin and 
glutathione. Both are naturally within the nervous system, however melatonin has been 
shown to have a more widespread effect on cells, while glutathione acts specifically through a 
pathway to reduce oxidative stress. Melatonin also affects the cell both intracellularly, and 
extracellularly. Crustacean brains were collected and individual cells were transferred to 
dishes to grow. H2O2 was added to each dish in two different concentrations, 200µM and 
500µM, 24 hours after the cells were collected. Melatonin, glutathione, Vitamin E, and 
Vitamin C were each added respectively to cultures with the H2O2. Neurite growth was 
measured for each cell. Thus far the effects of oxidative stress induced by H2O2 on neurite 
growth have been demonstrated. The study has potential to demonstrate a role of melatonin 
and other antioxidants in preventing or treating diseases such as Alzheimers, Parkinson’s, 
and other neurodegenerative diseases. It is also possible that the connection of melatonin 
and sleep could provide an avenue for the role of sleep in these areas. 
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Abstract: 

The purpose of this project is to prepare a descriptive summary of pediatric patients seen in 
the Developmental Evaluation Clinic (DEC) at the Edmund N. Ervin Pediatric Center in order to 
better educate the community and public at large about the services offered.  

 
A database of patients’ pertinent medical information was created from their visit to the DEC 
including demographic information, clinical evaluations, psycho-social information, and 
medical and developmental history. These demographics include risk factors that increase a 
child’s risk for developmental or intellectual delay. Tracking these risk factors allows us to 
examine our patient population and confirm these linkages while looking for new risk factors 
and attempting to mitigate these delays in the future. In order to understand the context of 
the data, I followed two DEC clinics as well as seeing patients with the various clinicians 
separately. This allowed me to familiarize myself with the various testing measures and 
diagnostic processes found in DEC reports and observe their clinical applications. 
Comprehensive reports written by a clinical team allow for a more thorough diagnostic 
process, resulting in children seen by the clinic having an integrated plan for treatment of 
their various diagnoses. 
 
The database was complied using 152 patients seen during 2014. The next phase of the 
project will include data analysis looking at the prevalence of intellectual and developmental 
disability in relation to parent education level. The outcome of the data analysis will allow the 
Edmund N. Ervin Pediatric Center to communicate risk factors for intellectual and 
developmental delay as well as the importance of early intervention services to the greater 
community. 
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Abstract: 

Bumble bees are important pollinators of a wide range of crops across the world. However, in 
recent years, there has been widespread concern for the health of bumble bee populations 
due to a range of factors including habitat loss, parasitism, and pesticide exposure. Previous 
study of the European bumble bee, Bombus terrestris, has shown that exposure to 
neonicotinoid pesticides reduces colony growth and queen production. Here we test the 
hypothesis that pesticide exposure influences bee immune function. We utilize quantitative 
real-time RT-PCR (qRT-PCR) to measure expression of four genes encoding antimicrobial 
peptides (AMPs) after chronic exposure to the neonicotinoid pesticide imidacloprid at field-
realistic concentrations. AMPs play an important role in the insect immune system, and have 
been shown to defend bees against diverse bacteria, fungi, and trypanosome infections. 
Baseline variations in AMP expression were explored over three weeks for colonies of the 
common American bumble bee B. impatiens, kept in small field enclosures.  Imidacloprid 
exposures were then made during a four-week period. Our data demonstrate that chronic low-
dose exposure to imidacloprid in sugar syrup and pollen results in altered expression of 
AMPs, compared to controls. This may represent a direct effect of imidacloprid or a stress-
like response to other physiological and behavioral effects of the pesticide. Our findings help 
explain the link between pesticides, bees, and bee illness. 
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Triangulation and Geodesics: Finding a Shortest Path  
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Abstract: 

On an arbitrary two-dimensional surface, how can one find the shortest path between two 
points, what mathematicians call geodesics? While on a flat surface one can simply connect 
the two points with a line, the question is subtler for an arbitrary two-dimensional surface such 
as a distorted sphere. To resolve the difficulty, we may break the surface into triangles 
(triangulation) and study the paths composed of triangle edges. In this project, we aim to 
show that given any triangulation of any 2-dimensional surface, there are at least three stable 
geodesics, i.e. a non-self-intersecting loop that is composed of triangle edges and cannot be 
shortened.  
 
We develop work on a paper of Abigail Thomson, who finds three stable geodesics for most 
triangulations of a sphere. We are attempting to extend her result to all two-dimensional 
surfaces. To this end, we have borrowed the concepts of local maximum and local minimum 
from calculus and the concept of thin position from knot theory. We can find three loops of 
triangle edges that cannot be shortened but may be self-intersecting. With more time, we may 
be able to refine our results and fulfill our purpose of finding three non-intersecting loops that 
cannot be shortened.  
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Abstract: 

The human CHMP2B gene encodes a member of the ESCRT-3 complex which functions in the 
recycling and degradation of cell surface receptors. A mutant version of the CHMP2B gene 
(CHMP2BIntron5) causes frontotemporal dementia and is associated with sleep disorders, a sign 
of circadian rhythm defects. Previous work in our lab has shown that misexpression of 
CHMP2BIntron5 in the Drosophila eye via the GAL4-UAS system also leads to neurodegeneration 
and altered circadian rhythms.  We are currently using several circadian pacemaker cell-
specific GAL4 (CPN-GAL4) lines to drive expression of CHMP2BIntron5 specifically in the central 
clock cells and are monitoring the circadian rhythm. To characterize the CPN-GAL4 expression 
patterns more exactly, we crossed them to UAS-GFP (green fluorescent protein) and identified 
regions of GFP expression in the brain. The various CPN-GAL4 drivers produced GFP 
expression in different subsets of circadian pacemaker neurons.  Also, some CPN-GAL4 lines 
drove expression in other regions of the brain.  Finally, we note that cells in the brain that 
expressed CHMP2BIntron5 when driven by the eye-specific GAL4 line, also expressed GFP under 
the control of some CPN drivers.  These results suggest CPN-GAL4 lines may differ in the 
circadian rhythm phenotypes they generate when misexpressing CHMP2BIntron5. 
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Across the globe amphibian population declines can be attributed in part to emerging 
infectious diseases, such as chytridiomycosis caused by the fungus, Batrachochytrium 
dendrobatidis (Bd). Differential susceptibility among frog populations, however, may be 
attributed to composition of skin secretions, specifically antimicrobial peptides, the skin 
microbiome, or the virulence of the local chytrid strain. We explored this synergism among 
components of the hosts' immune systems and the inhibition of Bd strains isolated from frogs 
in Brazil (CUN023), Panama (JEL423), and Maine (JEL 258). 
  
To investigate these relationships, we grew active cultures of Bd strains, harvested 
zoospores, and grew them in 96-well plates with metabolites from bacteria isolated from skin 
swabs of Proceratophrys boiei and with purified peptides from skin secretions collected from 
P. boiei and four Maine frogs. All steps were performed in sterile conditions. Our results 
demonstrate that different frog species express varying degrees of antimicrobial activity in 
their immune systems. 40% of secretions collected from individual wood frogs show inhibition 
against Bd strains 023 and 258. No inhibition of any Bd strains was evident when tested with 
skin secretions from spring peepers. Of grey tree frog secretions, 20% were effective only 
against Bd 423. Mink frog immunity performed the best with 60% of secretions effective 
against Bd 423, 66% against 023, 53% against 258. Bacteria metabolites collected only from 
P. boiei have been tested so far and exhibit some antimicrobial activity against the Bd strains. 
  
Understanding the relationships between Bd and the amphibian immune response contributes 
to conservation efforts by providing information on how to maintain or recover infected frog 
populations. This is important because frogs are an integral part of the food web and possess 
properties important for biomedical research. 
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Abstract: 

In chemistry, a coordination complex consists of a metal ion surrounded by bound molecules 
or ions known as ligands.  Many such coordination complexes exist in nature.  For example, 
human hemoglobin has a heme group that binds to oxygen and consists of an iron(II) 
complex.  Coordination complexes are also useful in the field of organic chemistry.  Many of 
these complexes are organometallic complexes, in which the metal ion binds to a carbon 
atom in one or more of its ligands.  For instance, organometallic complexes containing copper 
are well-known synthetic reagents used in organic chemistry.  Despite their usefulness, such 
compounds remain understudied.  Thus, this research involves the synthesis and study of 
copper(I)-arene complexes, which are organometallic complexes in which the copper ion binds 
to a ligand containing a neutral aromatic ring.  Few copper(I)-arene complexes are known, and 
in most cases the copper ion and the arene group interact only in the solid state and not in 
solution.  This work continues previous research, in which the first copper-arene complex 
shown to bind in solution was discovered, by synthesizing a similar complex containing a 
slightly-altered arene ligand.  Six total synthetic steps are necessary to synthesize this 
complex: the first five steps synthesize the arene ligand, and the sixth step forms the 
complex in an air-free environment.  Once the target complex has been made, its properties 
will be investigated.  As a result of this research, the factors contributing to the strength and 
selectivity of the copper-arene bond will be explored in order to give valuable information 
about a relatively unknown yet useful and exciting class of compounds. 
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Abstract: 

Using data from the EGS field of the Hubble Space Telescope’s CANDELS survey, we selected 
a sample of progenitors of today's most massive galaxies. Commonly referred to as “red and 
dead,” these galaxies are not actively forming new stars. By observing the structure of 
massive galaxies in their adolescence, when the Universe was much younger, we gain insight 
into the processes of galaxy formation and evolution. Of the over 41,000 objects in the EGS 
field, 245 met our parameters for “red and dead,” or "quiescent," as they have red coloring 
indicative of old stellar populations, a mass greater than 50 billion solar masses, and a 
redshift between 0.5 and 2.5, corresponding to when the universe was roughly 20% to 60% its 
current age. We fit these galaxies with structural models to determine if they were disk or 
bulge-dominated. Additionally, we visually classified the galaxies and noted any star-like 
objects that may have been included. Of the 245 objects we analyzed, 60 (~24.5%) were disk-
dominated, 157 (~64.1%) were spheroidal, and 22 (~9.0%) were stars or quasars. Six objects 
were unable to be reliably analyzed. Furthermore, the fraction of disk-dominated, quiescent 
galaxies changes with time, from 43% at early times to only 10% at the lowest redshifts. 
Standard galaxy formation theories reason that the most massive galaxies form through 
collisions of smaller galaxies, resulting in spheroids as opposed to flattened disks. However, 
the abundance of massive quiescent disks in our sample suggests that some galaxies 
maintain their disk structure as they shut off their star formation to become “red and dead.” 
To understand why some galaxies retain their disks, while others do not, we are currently 
investigating the environments surrounding each galaxy to provide input to, and compare with, 
theoretical models of galaxy formation. 
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Abstract: 

Organic chemistry is the study of chemicals and chemical transformations involving molecules 
composed primarily of carbon, nitrogen, oxygen, and hydrogen. The research interests of Prof. 
Katz’s group rely heavily on reactions where molecules become connected into larger 
structures by pendant oxygen-1 or nitrogen-2 bearing groups displacing halogens on aromatic 
rings like benzene. The chemistry pioneered in the Katz lab has successfully generated 
macromolecular structures such as oxygen-linked aromatic polymers that had previously been 
unreported in the literature.3 Polymers are large linear architectures composed of many 
repeating subunits, called monomers. Polymers play essential roles in our daily life, from 
synthetic plastics to biopolymers like the DNA in our bodies.  
 
The work described herein focuses on developing a synthetic route (Scheme 1) for building a 
type of novel nitrogen-linked polymer similar to the oxygen-linked analogues first reported by 
our group in 2009.3 This synthesis reacts equal amounts of one monomer bearing two 
pendant amines (-NH2) with another monomer bearing two displaceable halogens. A series of 
experiments with various combinations of monomers has been done in order to examine and 
improve the reliability of this synthetic scheme and explore the potential application for such 
kinds of nitrogen-linked aromatic polymers. 

 

Reference: 
1. Wackerly, J. W.; Zhang, M.; Nodder, S.T.; Carlin, S. M.; Katz, J. L. Org. Lett. 2014, 

16, 2920-2922. 
2. Bizier, N. P.; Vernamonti, J. P.; Katz, J. L. Eur. J. Org. Chem. 2012, 2303-2307. 
3. Wackerly, J. W.; Meyer, J; Crannell, W; King, S; Katz, J. Macromolecules. 2009, 42, 

8181-8186. 
 

Scheme 1. Synthesis of nitrogen linked aromatic polymers 
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Abstract: 

Phosphorus is the essential limiting nutrient for the plants that are the base of the aquatic 
food web. An increase in phosphorus can set off a chain of undesirable events, such as 
excessive plant growth (blooms), shifts in species distribution, and low dissolved oxygen that 
can cause fish kills. 
Our group collects samples on seven lakes at multiple depths once a week, generating 
hundreds of samples for phosphorus analysis.   Sample analysis requires three steps; 
chemical oxidation, color formation, and spectrophotometric detection. 
 
Samples are digested with a sulfuric acid and ammonium persulfate solution under high 
temperature to oxidize phosphorus in all forms, such as large organic molecules, to 
phosphate. Then a Lachat automated analyzer pumps samples from an autosampler and adds 
molybdate, MoO4

- that reacts to form the yellow PO4(MoO4)12
-15 complex. The complex is 

reduced  with ascorbic acid and heated to form an intense blue dye.  The detector in the 
instrument can measure the absorbance of the dye at 880nm (red light in this case) producing 
a signal proportional to concentration.  
  
Using an automated analyzer reduces analysis time and improves analytical precision and 
accuracy.   We will present the theory of instrument operation and the practical instrument 
detection limits and sample throughput. 
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Abstract: 

This research project is meant to identify potential causes for the sharp decline of eelgrass 
along the coasts of Mount Desert Island. The two objectives we are focusing on are the stress 
genes expressed by the plants in both declining and stable environments as well as an 
artificial environment and the effect of Labyrinthula zosterae on the health of the plants. In the 
first half of the study we will examine the expressed stress genes through the presence and 
quantity of different strands of RNA. We will compare the amounts between the different areas 
to see if the declining areas are under more stress than the stable areas and if the artificial 
environment, which is used to incubate plants for introduction into declining environments, 
exerts more or less stress on the plants than either of the two natural environments. In the 
second half of the study we will test the eelgrass for the presence of Labyrinthula zosterae 
and correlate these results to the declining and stable environments as well as the artificial 
one to see if Labyrinthula zosterae is a contributing factor to the stress of the plants. Tests 
found that there was none of the pathogen present on the plants we tested. From these 
negative results we cannot rule out that the Labyrinthula zosterae was present or that the 
Labyrinthula zosterae was a cause of stress on the plants. Results from the qPCR of the RNA 
are still pending.  
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