
 
  
 

Undergraduate Research Symposium – Thursday July 24th, 2008 
 
 
 
9:00 AM – 9:55 AM Symposium Registration Lobby 
 
  
 
9:55 AM – 10:00 AM Opening Remarks Auditorium 
 
 Kevin Rice, Chemistry 
 
 
 
10:00 AM – 12:00 PM Morning Session Auditorium 
 
 Co-chairs:  D. Whitney King, Chemistry and Michael Donihue, Economics 
 
10:00 AM Zac Helm, Chemistry – “Simultaneous Analysis of Superoxide and Hydrogen 

Peroxide Concentrations and the Impact of Antioxidants” 
 
10:12 AM Christopher Buros, Chemistry – “The Effect of the Prodrug Cloretazine on 

Thioredoxin Reductase and c-Jun” 
 
10:24 AM Isaac Opper, Ross Donihue, and Maria Ramrath, Economics – “An Economic 

Impact Assessment of the Current Healthcare Delivery System in the Kennebec 
Valley Region” 

    
10:50 AM John Goods, Chemistry – “Reactions of Atomic Carbon and Malealdehyde: An 

Investigation of a Novel Carbene Rearrangement” 
 
11:02 AM Thomas Sisto, Chemistry – “An Investigation into Aromatic Shielding of tert-

Butyl Groups in Hindered Environments” 
 
11:14 AM Leonardo Costa, Economics – “International Trade to non Majors” 
 
11:26 AM Brian Wadugu, Chemistry – “DNA Cross-Linking Activity of (1-Chloroethenyl) 

Oxirane with Synthetic DNA Oligomers” 
 



  

11:38 AM Megan Watts, Chemistry – “Cell Cycle Effects on the Cytotoxicity of DNA 
Cross-linking Agents” 

 
11:50 AM Nolan Gagne, Physics – “Hamiltonian Constraint Analysis, Cosmology, and 

GRE Solution Manuals: The Life of a Theoretical Physics Summer Research 
Assistant” 

 
 
 
12:00 PM – 1:00 PM Lunch Outdoor Patio 
  
  
 
1:00 PM – 3:00 PM Afternoon Session Auditorium 
 
  Co-chairs:  Frank Fekete, Biology and Martha Arterberry, Psychology 
 
1:00 PM Philip Crystal, Biology – “Population Genetics of Isotria medeoloides” 
 
1:12 PM Rachel Guest, Geology – “Can Predatory-Prey Arms Races Intensify during a 

Mass Extinction Event? Strombid Gastropods from Late Neogene of Florida” 
 
1:24 PM Corey Martin and Catarina Ruksznis, Biology – “Effects of melatonin on the 

circadian rhythm of zebrafish immune response” 
   
1:36 PM Kelly Brooks, Psychology – “Capacity for dietary choline to ameliorate 

symptoms of depression in a rat model” 
 
1:48 PM Jennifer Corriveau, Psychology – “Choline Supplementation and Experience 

Impacts Performance in Open Field Testing in Adult Rats” 
 
2:00 PM Duy Lyford, Psychology – “Relationship of Exploratory Profiles in Rats to 

Behavioral and Neurogenic Response to Chronic Mild Stress” 
 
2:12 PM Brittany Thomas, Biology – “Identification of surface attachment factors in 

Vibrio related aquatic bacteria” 
 
2:24 PM Alexander Oot, Computer Science – “Remote Exploration and Experimentation 

Using Robotic Avatars” 
 
2:36 PM Zach Zalinger, Biology – “Characterization of an Incompatibility Group A/C 

Conjugative Plasmid Found in Aeromonas salmonicida subsp. salmonicida” 
 
2:48 PM Michael Schwartz, Psychology – “Evaluating the Effectiveness of a Violence 

Prevention Program for Preschoolers” 



  

 
3:00 PM – 4:30 PM Poster Session Sitting Room 
 
 

Jessica Levasseur, Biology – “Antimicrobial properties of skin peptides from Rana 
septentrionalis and Rana clamitans against Aeromonas hydrophila” 
 
Max Mutter, Biology – “The Effects of Retinoic Acid and Melatonin on Fiddler Crab (uca 
pugilator) X-Organ Cell Neurite Growth” 
 
Kirby Walker, Biology – “Assessment of dissolved oxygen concentrations in shallow versus 
deep nests of male pumpkinseed sunfish, Lepomis gibbosus in Johnson Pond” 
 
Jennifer Myers and Victor Gagne, Biology – “The Effect of N-acetylserotonin and Prazosin 
on Fiddler Crab (Uca pugilator) X-Organ Cell Neurite Growth” 
 
Escar Kusema, Biology – “Cellular mechanisms of melatonin-induced and calmodulin-
inhibited neurite growth in Uca pugilator x-organ cells” 
 
Stephen Carlin, Chemistry – “Synthesis of Organic-Soluble Oxacalix[4]arenes and their 
Applications as Molecular Tweezers” 
 
Delia Massey, Chemistry – “Methods of Analysis of Superoxide and Hydrogen Peroxide” 
 
Sharonda Bradley, Chemistry – “Determination of the Mechanism of Cytotoxicity of 
Epichlorohydrin and Diepoxybutane” 
 
Jonathan Guerrette, Chemistry – “Intramolecular Rearrangements of β−acetoxycarbene” 
 
Kristina Langenborg, Chemistry – “Phage Display: The Directed Selection of Novel 
Peptides” 
 
Brian DiMento, Chemistry – “The Gold Standard for Superoxide” 
 
Shehan Don Talagala, Chemistry – “Guest-host chemistry of p-sulfonatocalix[6]arene with 
guanadinium containing guests” 
 
Roxanne Ghazvinian, Chemistry – “DNA Repair Events Triggered by Cloretazine in Cultured 
Leukemia Cells” 
 
Solomon Gisemba, Chemistry – “Using fluorescence to study the molecular interactions of 
water soluble oxacalixarenes” 
 
John Hall, Chemistry – “Dynamic Modeling of Thermocline Formation in East Pond Related 
to Internal Loading of Phosphorus” 



  

 
Lauren Hendricks, Computer Science – “Creating Animal Attractiveness Maps for Spatial 
Analysis” 
 
Daniel Nolan and Allyson Cheever, Computer Science – “Visual Analysis of Bacterial 
Colonies” 
 
Brian Leighton and Andrew Ramsay, Computer Science – “Framework for Human-Robot 
Interaction” 
 
Caitlin Dufraine, Environmental Studies – “Using GIS to Model Elk Movement in Riding 
Mountain National Park, Canada” 
 
Amanda Smith, Geology – “Chemical analysis of lead content in Bermuda pond sediments 
and its relationship to anthropogenic factors” 
 
Aneth Laban, Psychology – “Cross-Cultural differences in Attention Allocation” 

 
 
 
4:30 PM – 5:30 PM Break  
 
 
 
5:30 PM – 7:00 PM Dinner Dining Room 
 
 
 
7:00 PM – 8:00 PM Keynote Lecture Auditorium 
 
 

"Understanding Red Blood Cell Structure, Production and 
Function Through the Hard Work of Colby Alumni" 

 

 Dr. David Bodine (Colby class of 1976) 
  Chief and Senior Investigator, National Institutes of Health 

 



  

2008 CUSRR Keynote Speaker 
 

 
 
Dr. Bodine graduated from Colby in 1976 with a double major in Biology and Environmental 
Studies.  He earned an M.S. in human genetics from Rutgers University and then a Ph.D. in 
zoology and genetics from the University of Maine and the Jackson Laboratory in 1984.  Dr. 
Bodine began his career at the National Institutes of Health as a postdoctoral scientist at the 
Clinical Hematology Branch of the National Heart, Lung, and Blood Institute.  In 1988 he started 
his own laboratory, moving to the National Human Genome Research Institute in 1993. He 
received tenure in 1995 and is now the chief of the Genetics and Molecular Biology Branch.  He 
has won several awards, including the NIH National Research Service Award and the NHGRI 
Mentor of the Year Award.  He is a member of the American Society of Hematology, the 
International Society of Experimental Hematology, the Leukemia and Lymphoma Society, and 
the American Society of Gene Therapy, of which he now serves as president. 

Dr. Bodine has had a prolific research career. His laboratory investigates the genetics of 
pluripotent hematopoietic stem cells (PHSCs) to improve the effectiveness of bone marrow 
transplantation.  His group is also working to perfect the use of PHSCs as a vehicle for gene 
therapy by identifying and testing novel retrovirus vectors for transferring human genes into 
these cells.  In addition, Dr. Bodine's laboratory investigates the genetic causes of acquired and 
inherited blood disorders. 

For more than 15 years, Dr. Bodine has accepted Colby students and alumni into his research 
group for internships and scientist positions.  It is with great pleasure that Colby College 
welcomes Dr. David Bodine as the Keynote Speaker of the 2008 Colby Undergraduate Summer 
Research Retreat. 
 

 

Dr. David Bodine, ‘76 
 

Chief and Senior Investigator 
National Institutes of Health 

 



  

 
Session ID:  

1-1  
Abstract Title:  
Simultaneous Analysis of Superoxide and Hydrogen Peroxide Concentrations and the 

Impact of Antioxidants 
Presenting Author: Other Authors: 

Zachary R. Helm (’09) Delia I. Massey (’09) and Brian P. DiMento (’10)  
Department: 

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

In lakes and oceans biological species produce antioxidants, free-radical scavengers, in response to 
environmental stressors.  The bulk antioxidant activity from many different species is characterized 
by the aggregate reactivity of each class of antioxidants with superoxide and hydroxyl radicals.  The 
reaction of superoxide with antioxidants results in the oxidation of the antioxidants and the reduction 
of superoxide to hydrogen peroxide.  We have developed new analytical methods for superoxide and 
hydrogen peroxide in order to measure the bulk antioxidant activity in natural waters.  In our 
analytical system the chemiluminescence reagent MCLA competes with antioxidants for superoxide.  
The MCLA reaction produces light where reaction with the antioxidant quenches chemiluminescence.  
By carefully adjusting MCLA and superoxide concentrations to promote antioxidant 
chemiluminescence quenching it is possible to measure antioxidant activity at concentrations as low 
as one nanomolar.  As a result of the bulk antioxidant activity there is a stoichiometric increase in 
hydrogen peroxide concentration from superoxide.  Using known antioxidant reactivity we are now 
able to estimate the relative importance of antioxidants compared to disproportionation and metal 
redox cycling, the other mechanisms of superoxide removal, on superoxide decay in natural water 
samples.   
 
 
 

 
 
 
 
 
 
 
 



  

 
Session ID:  

1-2  
Abstract Title:  

The Effect of the Prodrug Cloretazine on Thioredoxin Reductase and c-Jun 

Presenting Author: Other Authors: 

Christopher M. Buros (’09) Tyler R. Schleicher (’08) and Kevin P. Rice 
Department: 

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

Cloretazine is a sulfonylhydrazine prodrug that is currently in clinical trials for acute myelogenous 
leukemia and glioma multiforme. Base-catalyzed activation of Cloretazine in situ yields both a 
chloroethylating and carbamoylating species, which act to kill cells synergistically. This study 
examines how the carbamoylating activity of Cloretazine works to kill actively dividing cells. 
Methylisocyanate, the carbamoylating species, disrupts protein function by modifying nucleophiles 
such as primary amines and thiols. Using the cysteine residues at its active site, thioredoxin 
reductase (TrxR) catalyzes dithiol-disulfide exchange reactions on thioredoxin (Trx), which in turn 
catalyzes other reductive processes such as deoxyribonucleotide biosynthesis. The present study 
demonstrates that Cloretazine strongly inhibits the activities of both purified TrxR as well as TrxR 
from the lysates of mammalian leukemia cells. This pattern differs from that of a related 
oxidoreductase, glutathione reductase. While inhibited in purified form, cellular glutathione reductase 
showed little susceptibility to carbamoylation by Cloretazine. These results suggest that the mode of 
inhibitory action against TrxR and glutathione reductase differs inside of cells. The transcription 
factor c-jun is involved in modulating the expression of specific target genes associated with growth, 
differentiation, neuronal excitation, and cellular stress. In binding to DNA, c-jun forms homodimeric 
or heterodimeric complexes through a leucine zipper domain. The reduction of critical cysteine 
residues on c-jun is essential for DNA binding. Given that both TrxR and c-jun contain cysteine 
residues that are essential for their functions and they are overexpressed in neoplastic cells, these 
proteins are good targets for Cloretazine. In summation, the inhibition of TrxR by Cloretazine and the 
strong potential of Cloretazine to prevent c-jun from initiating transcription may prove to be critical to 
the mechanism of action for this promising anticancer agent. 
 
 
 
 
 
 

 
 
 
 
 
 



  

 
Session ID:  

1-3  
Abstract Title:  

An Economic Impact Assessment of the Current Healthcare Delivery System in the 
Kennebec Valley Region 

Presenting Author: Other Authors: 

Maria Ramrath (’09), Isaac Opper (’10), and Ross Donihue Michael R. Donihue 
Department: 

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

Employing almost 4,500 people and spending over $40 million in the region, MaineGeneral and 
Inland Hospital clearly have a large effect on the local economy. This study examines in detail the 
economic impact of the hospitals in three steps.  The first is to create a socioeconomic and 
demographic profile of the region, which allows us to better understand the characteristics of 
Kennebec County and the demand for health care.  We then use multiplier analysis to estimate the 
increase in demand, earnings, and employment caused by the hospital’s spending on wages and 
goods.  We also look at how the hospital affects the local government finances.  Finally, we examine 
the role of the hospital on the labor market in Kennebec County.  Here we investigate the commuting 
patterns of employees and the trends in the region and the state of wages and employment in the 
health care related industries. 

 
 
 
 
 
 
 
 
 
 
 



  

 
Session ID:  

1-4  
Abstract Title:  

Reactions of Atomic Carbon and Malealdehyde: An Investigation of a Novel Carbene 
Rearrangement 

Presenting Author: Other Authors: 

John B. Goods (’10) Dasan Thamattoor 
Department: 

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

As a zero valent form of carbon, atomic carbon possesses a strong thermodynamic drive to form 
tetravalent carbon, forming various reactive intermediates along the way such as carbines, carbenes, 
and free radicals. Our lab uses the electric arc method for generating atomic carbon. Reactions of 
atomic carbon with carbonyl compounds are known to result in deoxygenation of the carbonyl, forming 
the associated carbene and carbon monoxide (1). Our current research focuses upon investigating a 
novel rearrangement of carbene A, which was generated by deoxygenation of malealdeyhyde by 
atomic carbon (2). It is proposed carbene A will attack the second carbonyl oxygen via the novel cyclic 
electron shift shown below resulting in the formation of furan (3). 
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Session ID:  

1-5  
Abstract Title:  

An Investigation into Aromatic Shielding of tert-Butyl Groups in Hindered Environments  

Presenting Author: Other Authors: 

Thomas J. Sisto (’09) Caitlin LaPorte and Dasan Thamattoor 
Department: 

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

The focus of this summer has been the study of aromatic shielding, specifically in the molecules 9-
tert-butyl-1,8-diphenylanthracene (1) and 1-tert-butyl-8-phenylnaphthalene (2). Our approach to the 
synthesis of 1 is a four-step synthetic route starting from the commercially available 1,8-
dichloroanthraquinone (3).  Synthesis of 2 is planned via a two-step sequence from α-tetralone (4). A 
parallel computational approach to understand the structure and spectroscopic behavior of 1 and 2 
are also underway. 
 
 
 

9-tert-butyl-1,8-diphenylanthracene        1-tert-butyl-8-phenylnaphthalene       

Cl ClO

O

1,8-dichloroanthraquinone        

O

alpha-tetralone  
              (1)                                (2)                                   (3)                             (4) 
 
   

 



  

 
Session ID:  

1-6  
Abstract Title:  

International Trade to non Majors 

Presenting Author: Other Authors: 

Leonardo Costa (’08) Patrice M. Franko and Stephen Stamos 
Department: 

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

This chapter is designed to promote the understanding by non-economics majors of International 
Trade theory in today’s world. The focus is to use economic tools to enhance the readers’ knowledge 
of economics to serve as a basis for the study of globalization in different courses such as in Political 
Science, Anthropology, etc. The importance of understanding International Trade in the context of 
Globalization in a simple and straightforward manner is the key component of this work. In it, 
classical trade theories such as Hecksher-Ohlin are explained, as well as the more recent theories of 
Vertical Specialization and on Intra-Industry Trade. The theory explanations are rooted on current 
events worldwide been based in four distinct puzzles, such as the American repudiation of Trade, 
inequality both domestically and between nations, the rise of new players such as the BRIC 
countries, and the current institutions and trade promotion discussions, focusing particularly in the 
Doha rounds of trade negotiations. It is in explaining the theory in connection to current events that 
draw the student’s attention to the matter and increases the amount of knowledge they are able to 
absorb. The chapter concludes that international trade is beneficial to global living standards, while it 
acknowledges that there are winners and losers, as during most structural changes, and the need for 
policies that will mitigate the negative effects of globalization. 
 
 

 
 
 
 
 
 
 



  

 
Session ID:  

1-7  
Abstract Title:  

DNA Cross-Linking Activity of (1-Chloroethenyl) Oxirane  
with Synthetic DNA Oligomers 

Presenting Author: Other Authors: 

Brian A. Wadugu (’09) Rebecca J. Rowe, and Julie T. Millard 
Department: 

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

Chloroprene is a large-scale industrial chemical used in the manufacture of polychloroprene, a 
solvent-resistant elastomer. Correlation between occupational exposure to chloroprene and lung 
cancer has been noted, leading to the compound's classification as a possible human carcinogen. 
Chloroprene metabolites have been implicated in its carcinogenicity, with evidence that the 
bifunctional metabolite (1-chloroethenyl)oxirane forms DNA adducts. Because structurally similar 
compounds such as epichlorohydrin form DNA interstrand cross-links, we are investigating possible 
DNA cross-linking by (1-chloroethenyl)oxirane (COX). Following synthesis of this metabolite, we used 
denaturing polyacrylamide gel electrophoresis to investigate its DNA cross-linking. Our data suggest 
that COX cross-links DNA and is more efficient at lower pH. 

 
 
 
 
 
 



  

 
Session ID:  

1-8  
Abstract Title:  

Cell Cycle Effects on the Cytotoxicity of DNA Cross-linking Agents 

Presenting Author: Other Authors: 

Megan L. Watts (’08) Julie T. Millard 
Department: 

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

Diepoxybutane (DEB) and epichlorohydrin (ECH) form interstrand cross-links by reacting with the N7 
position of deoxyguanosine residues on complementary strands of DNA. We are exploring the role of 
the cell cycle in the cytotoxic mechanism of these agents. We compared the cytotoxicity of DEB and 
ECH within 6C2 chicken erythro-progenitor cells randomly distributed throughout the cell cycle (G0/G1 
and S >> G2/M) versus cells enriched in the G2/M stage by treatment with nocodazole. We found that 
ECH is more cytotoxic than DEB in both unsynchronized control 6C2 cells and synchronized 6C2 cells 
enriched in G2/M. Furthermore, both DEB and ECH showed greater cytotoxicity in 6C2 cells enriched 
in G2/M stages than in unsynchronized control 6C2 cells, suggesting that the presence of the nuclear 
envelope—or any cell membrane—may inhibit the reactivity of DEB and ECH in vivo. 
 
 
 
 
 

 
 
 
 
 



  

 
Session ID:  

1-9  
Abstract Title:  
Hamiltonian Constraint Analysis, Cosmology, and GRE Solution Manuals: The Life of a 

Theoretical Physics Summer Research Assistant 
Presenting Author: Other Authors: 

Nolan L. Gagne (’08) Robert T. Bluhm 
Department: 

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

This talk or presentation will focus on a general synopsis of research projects for the Physics 
Department under Professor Bluhm for the summers of 2007 and 2008. Emphasis is placed mostly 
on: last summer’s work in the Hamiltonian Constraint Analysis procedure (which led to my senior 
Honors thesis), this summer’s (admittedly preliminary) investigations into cosmology and gravity 
theory, and the general nature of summer research in theoretical physics. The subject of the 
presentation is overwhelmingly flexible, and can be tailored to focus more specifically on any of the 
areas mentioned above. If only a poster presentation is possible, it will concern solely the 
Hamiltonian Constraint Analysis procedure on a class of Vector Field Theories that exhibit 
Spontaneous Lorentz Symmetry Breaking, known as ‘Bumblebee Models.’ 
 
 
 
 
 

 
 



  

 
Session ID:  

2-1  
Abstract Title:  

Population Genetics of Isotria medeoloides 

Presenting Author: Other Authors: 

Philip Crystal (’09) Judy L. Stone 
Department: 

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

Isotria medeoloides (Pursh) Raf. is classified by the U.S. Fish and Wildlife Service (USFWS) as 
threatened.  A recent report by the USFWS indicated that there are 150 known populations ranging 
from Maine to Georgia.  Yet studies have shown that these populations reproduce by selfing.  To 
determine the extent of genetic variability 15 populations were genotyped across three microsatellite 
loci. Genelex 6 (Peakall and Smouse 2006) was used to calculate allele frequencies and inbreeding 
coefficients. Parameters θ = 4Neµ and migration rate were estimated using Bayesian analysis with a 
uniform prior and stepwise mutation (Migrate 2.4.3; Beerli 2008). Together these show that Isotria 
medeoloides is highly inbred, with an average (across loci) FIS = 0.91.  Large populations in the 
center of New England harbor substantial genetic diversity while small and peripheral populations 
show greatly reduced diversity.  Very little gene flow between populations was shown, generally less 
than one migrant per generation.  However, there are two New England populations that are 
responsible for the majority of gene flow, as high as 3.62 migrants per generation.         
 

 
 
 



  

 
Session ID:  

2-2  
Abstract Title:  

Can Predatory-Prey Arms Races Intensify during a Mass Extinction Event? Strombid 
Gastropods from Late Neogene of Florida 

Presenting Author: Other Authors: 

Rachel Guest (’09) Robert A. Gastaldo 
Department: 

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

Mass extinctions often are triggered by environmental stress including changes in physical conditions 
or food supply.  During such times, a taxon’s energy is directed towards survival, with morphological 
change and adaptation suppressed.  Any ongoing ‘arms race’ usually is halted in favor of survival. 
 The present study focuses on Macrostrombus from the late Pliocene Pinecrest Beds and the 
Caloosahatchee Fm., the early Pleistocene Bermont Fm., and recent samples to test the hypothesis 
that the increase in size and frequency of the dorsal knob is related to predatory escalation 
throughout the Plio-Pleistocene extinction event.  Nineteen morphological features were measured 
and assessed in 300 specimens from museum and new collection efforts. Changes documented 
include a 50% increase in the average dorsal knob height from the Pliocene to the Pleistocene, in 
addition to a significant number of specimens acquiring this feature (4% vs. 94%).  Evidence of crab 
scarring also increased throughout time from 22% to 37%.  
 
The development of a large dorsal knob over the examined time periods is interpreted as a response 
to predator stress during the regional extinction event.  Increased size of the knob allows the snail to 
right itself faster than organisms with smooth outer whorls.  This behavior significantly reduces the 
risk of attack while the gastropod is in a vulnerable position.  The stress is likely due to predatory 
escalation by turtles, crabs, fish, and other carnivorous gastropods.  Hence, there is a pronounced 
change in the morphology of Macrostrombus in response to predatory escalation during the Late 
Pliocene extinction event in Florida which directly contrasts with the results of previous research 
findings in which morphological changes halt during mass extinction events. 
  
 
 
 
 
 
 

 
 



  

 
Session ID:  

2-3  
Abstract Title:  

Effects of melatonin on the circadian rhythm of zebrafish immune response 

Presenting Author: Other Authors: 

Catarina M. Ruksznis (’10) and Corey S. Martin (’10)   Lynn G. Hannum 
Department: 

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

Two parameters of the zebrafish immune response have been shown to fluctuate in a circadian 
pattern. The production of reactive oxygen species by zebrafish kidney leukocytes in response to 
stimulation with PMA  peaks just before 6 AM and drops significantly by 10 AM.  In contrast, the 
percentage of zebrafish leukocytes participating in the phagocytosis of E. coli reaches a maximum at 
6 PM, then drops to a minimum at 10 PM.  Both peak-trough patterns appear to coincide with the 
natural fluctuations of melatonin levels present in zebrafish.  Melatonin levels increase dramatically 
during hours of darkness and decrease in the presence of light.  To determine the role of melatonin in 
innate immune responses, particularly the phagocytosis of  E. coli,  zebrafish  were immersed in water 
containing melatonin (50 uM) approximately --- hours prior to the daily rise in endogenous melatonin 
levels. We have found that raising the melatonin levels of zebrafish prior to the normal 6 PM peak in 
phagocytosis depressed the participation in phagocytosis of E. coli to levels naturally observed at 10 
PM, when endogenous melatonin is high.  The trough normally observed at 10 PM was not 
significantly altered by the addition of external melatonin.   
 

 
 



  

 
Session ID:  

2-4  
Abstract Title:  

Capacity for dietary choline to ameliorate symptoms of depression in a rat model 
Presenting Author: Other Authors: 

Kelly M. Brooks (’09) Melissa J. Glenn 
Department: 

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

Emerging new research shows that the prenatal supplementation with the nutrient choline protects 
against the maladaptive effects of stress on brain and behavior. It is well known that an organism’s 
exposure and reaction to stressful situations play a key role in the onset and progression of 
depressive symptoms and related disorders. The current investigation aims to determine whether rats 
supplemented with dietary choline during a period of high neural plasticity, in this case adolescence, 
would influence animals’ reactions to chronic mild stress. The Chronic Mild Stress (CMS) animal 
model of depression has been used by past researchers to induce the adhedonia characteristic of 
depression in rats, where the animal shows little interest in otherwise appetitive activities and an 
overall lowering of activity. In the present study rats will undergo three weeks of CMS and their 
behaviors will then be assessed using classic measures of depression such as the forced swim and 
saccharine test, and measures of anxiety and activity in the open field test and elevated plus maze. 
Based on findings that prenatal choline supplementation enhances exploration, baseline tests in the 
present study are expected to reveal that choline supplementation during adolescence enhances 
exploration and reduces anxiety in male and female rats and choline deficiency inhibits exploration 
and increases anxiety. Tests conducted after CMS are predicted to show that supplemented rats will 
show less and deficient rats will show more depressive behaviors as compared to animals that 
received standard levels of dietary choline. Neurological assessments are also planned, including 
measures of activity in the hypothalamic-pituitary-adrenal axis and related brain areas such as the 
hippocampus and amygdala. These will be used to provide insight in to the neural mechanisms 
underlying any behavioral protection seen with choline supplementation against CMS-induced 
depression.  

 
 



  

 
Session ID:  

2-5  
Abstract Title:  
Choline Supplementation and Experience Impacts Performance in Open Field Testing 

in Adult Rats 
Presenting Author: Other Authors: 

Jennifer Corriveau (’10) Melissa J. Glenn  
Department: 

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

Choline is an essential nutrient with many biological functions, including the production of the 
neurotransmitter acetylcholine. While there has been a good amount of research examining the 
outcomes of prenatal and adolescent choline supplementation, the field lacks sufficient research 
looking at the implications of supplemental choline levels on adult rats. Past research has shown that 
prenatal choline supplementation enhances exploration and spatial memory in adult rats. The present 
study seeks to broaden the knowledge available regarding choline supplementation by looking at 
exploratory behavior in rats treated as adults with choline supplemenation. In this study we also 
compared choline supplementation to the ability of enrichment to enhance exploration. Male and 
female rats experienced one of three conditions—daily experience on a radial arm maze, daily 
experience on a radial arm maze and choline supplementation, or the control condition with no maze 
experience. This study sought to examine whether choline supplementation would have the ability to 
enhance the experience of the maze. It was expected that those rats with experience and choline 
would perform better (more exploratory) than other rats in an open field test. Rats with maze 
experience had seven days of maze exploration for approximately 10 minutes each day. After the 
seven days, rats were placed in an open field for 10 minutes while their exploration was recorded. 
Tests revealed that choline supplementation seemed to cause females to be more anxious, while it 
caused males to be more exploratory and less anxious. These findings are suggestive of a sexually 
dimorphic effect of choline supplementation on behavior in adult rats. 

 
 



  

 
Session ID:  

2-6  
Abstract Title:  
Relationship of Exploratory Profiles in Rats to Behavioral and Neurogenic Response to 

Chronic Mild Stress 
Presenting Author: Other Authors: 

Duy Lyford (’10) Melissa J. Glenn  
Department: 

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

The emotional and physiological reaction of an animal to its environment is an evolutionary 
adaptation with implications for successful reproduction and survival. Individual organisms react to 
novel events and or objects with different levels of fear and anxiety. Previous studies have shown 
that those animals that are behaviorally inhibited, or neophobic, in a novel environment also have 
increased physiological reactivity to an acute stressor and die sooner than animals that are 
exploratory, or neophilic, in a novel environment (Cavigelli & McClintock, 2003). In addition, these 
behavioral profiles are considered stable over the lifespan. To date, little research has been 
conducted on the behavioral response of animals classified in this way to stressful challenges. This 
was the goal of the present study and we did this by looking at how chronic stress impacted rats’s 
behavior in a variety of tests designed to assess exploration and anxiety. Male and female rats were 
identified as neophobic and neophilic based on their exploration of a novel non-threatening open field 
as infants, with low levels of activity and exploration in the field being indicative of more anxiety and 
neophobia and high levels being indicative of less anxiety and more neophilia. Once these rats reach 
adulthood, half of each group underwent three weeks of chronic mild stress. After this all rats, 
stressed and non-stressed, were assessed on a variety of tests designed to evaluate the emotional 
and behavioral reaction to the stressful experiences. Rats were first retested in the open field as 
adults and then assessed for behavioral despair in the forced swim test and flavor preference in the 
saccharin test. It was expected that rats identified as neophilic would be less impacted by the chronic 
stress and be more resilient in the behavioral tests. This study will also look at the neural response to 
the stressful experiences.  
 
 
 
 
 
 

 
 



  

 
Session ID:  

2-7  
Abstract Title:  

Identification of surface attachment factors in Vibrio related aquatic bacteria 

Presenting Author: Other Authors: 

Brittany A. Thomas (’10) Brooke A. Jude and Frank A. Fekete 
Department: 

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

Vibrio cholerae is the gram-negative aquatic bacillus that is the causative agent of the severe 
diarrhoeal disease cholera. It has been shown that the secreted GlcNAc binding protein (GbpA) 
mediates V. cholerae attachment to epithelial cells in the small intestine and chitin via interactions with 
GlcNAc residues. Furthermore, it has also been shown that a GbpA homolog is present in other 
sequenced Vibrio related species. Our research is focused on determining if a GbpA homolog can be 
found in bacterial isolates obtained from Maine aquatic environments. Bacteria isolated from 
crustaceans and other chitin sources in both the commercial and native environment were cultured 
and analyzed with16s rRNA analysis for identification. Vibrio related species were selected for further 
analysis for protein expression. These studies were performed using an available anti-GbpA 
polyclonal antisera. Supernatant and whole cell extracts of various Vibrio related strains were probed 
with GbpA antisera in western blotting experiments. Preliminary results indicate that aquatic isolates 
including both Bacillus and Vibrio species encode and express a GbpA homolog. The allelic exchange 
system developed for V. cholerae will be adapted to obtain clean gene deletions of gbpA in select 
isolates in which GbpA protein is determined to be present. Deletion strains obtained will then be 
essential for experiments involving in vitro attachment assays to sugars, such as GlcNAc and chitin 
beads, as well as shell substrates. These will indicate whether GbpA proteins are involved in the 
processes of surface attachment 
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Remote Exploration and Experimentation Using Robotic Avatars 

Presenting Author: Other Authors: 

Alexander Oot (’10) Bruce A. Maxwell and William Smart 
Department: 

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

The goal of this project is to provide individuals with a remote avatar. This avatar will have the ability 
to provide the user with a window into another part of the world where the user could explore a 
location or collect scientific data. For example, researchers needing field data would not have to 
physically travel to remote locations to gather data but could instead use this platform. Our first 
planned demo is to install one robot at the Washington University in St. Louis’ art museum and one 
robot at the Colby art museum, making the Colby one accessible at WashU and vice versa.  A multi-
touch screen will be used to control the robot. This system will be controlled with natural gestures, 
making it so that someone with little experience with our system will be able to efficiently control the 
robot. When traveling to a remote location is too expensive or difficult to access, our platform can be 
used to help people and provide them with a similar experience to actually visiting that location. 
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Characterization of an Incompatibility Group A/C Conjugative Plasmid Found in 
Aeromonas salmonicida subsp. salmonicida 

Presenting Author: Other Authors: 

Zachary B. Zalinger (’09) Lauren J. Baard, Sarah E. Clark, Kristina M. Langenborg, Erin M. Parry, 
Ola Sadanowicz, Frank A. Fekete  

Department: 

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

Multi-drug resistant mobile genetic elements, such as conjugative plasmids and transposons, present 
a serious problem to human clinical practices as well as agriculture. Carrying numerous antimicrobial 
resistance genes and capable of moving between even distantly related hosts, they allow the bacterial 
community to rapidly gain resistance to drugs they are exposed to. One such element is the 
incompatibility group A/C conjugative plasmid. It is widely distributed among enteric pathogens isolated 
from food animals and meat, has been found in fish pathogens and, in one case, in a Yersinia pestis 
isolate. A strain of Aeromonas salmonicida subsp. salmonicida, isolated during an outbreak of 
furunculosis in the Atlantic salmon of New Brunswick hatcheries, was found to be resistant to 
numerous antibiotics as well as inorganic and organic mercury. PCR analysis of plasmid DNA 
identified thirteen regions common to all IncA/C plasmids, strongly suggesting that the strain carried 
some form of the plasmid. Further PCR analysis revealed the genes floR, tetA, sulII, strA/strB, and 
blaCMY-2, which encode resistance for phenicols, tetracycline, sulfonamides, aminoglycoside, and beta-
lactam antibiotics, respectively. The resistance genes, as well as a mercury resistance operon, are 
organized in three cassettes. The ability of the plasmid to be transferred to other bacterial hosts was 
tested using environmental isolates and lab strains from different genera. E. coli, A. hydrophila, E. 
tarda, and several Carnobacterium, Citrobacter, and Salmonella isolates were found to be potential 
hosts. Using an E. coli lab strain as the recipient we tested the effects of various conditions, including 
temperature, donor and recipient cell concentration, and exposure to antimicrobials and mercury, on 
the frequency with which the plasmid is transferred. Notably, we found that exposure during 
conjugation to sub-inhibitory levels of certain antimicrobials could actually enhance transfer frequency, 
a phenomenon with serious implications for antibiotic use. 
 
 
 
***PLEASE DELETE THESE INSTRUCTIONS*** 
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Evaluating the Effectiveness of a Violence Prevention Program for Preschoolers 

Presenting Author: Other Authors: 

Michael Schwartz (’10) Tarja Raag, and Jessica Frick (’10) 
Department: 

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

The development of prosocial behaviors within children is a critical factor for both personal and 
academic success in late childhood and adolescence. There is also a general consensus that it is 
important to encourage this development for preschool and elementary aged children, as it can 
prevent milder forms of aggression from occurring in early childhood and more serious acts of 
violence that may occur in adulthood. This study looks to evaluate the Bear Thoughts program, an 
intervention program developed by the Family Violence Project, a non-profit organization located in 
Augusta, Maine. The program is geared towards increasing sharing behaviors within preschoolers. 
32 3-5 year-old participants will be recruited from Waterville to examine the effectiveness of the 
program before and after the intervention by comparing the changes in the number of prosocial and 
aggressive behaviors across sessions. Participants will be split into either a treatment condition in 
which they will receive the Bear Thoughts training or into a wait-list control group, where they will 
receive the training after the assessments will be made. We expect to see a greater number of 
prosocial behaviors and a decreased number of aggressive behaviors from the treatment group in the 
post-treatment assessment, an indication that the treatment had an effect on the behavior of the 
participants.  
 
 
 
 
 
 
 
 
***PLEASE DELETE THESE INSTRUCTIONS*** 
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Antimicrobial properties of skin peptides from Rana septentrionalis and Rana 
clamitans against Aeromonas hydrophila 

Presenting Author: Other Authors: 

Jessica Levasseur (’10) Catherine R. Bevier 
Department: 

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

Many species of frogs produce antimicrobial peptides in their skin secretions. These are known to 
inhibit growth of bacteria, such as Escherichia coli and Staphlococcus aureus, and fungi, such as the 
pathogenic Batrachochytrium dendrobatidis. One pathogenic bacterium, Aeromonas hydrophila, 
causes red-leg disease in frogs.  In this study, two peptides from the ranatuerin family, ranateurin-
2Cb, from the Green Frog, Rana clamitans (molecular mass = 2784), and ranateurin-1SPb from the 
Mink Frog, R. septentrionalis (molecular mass = 3699), were tested for their ability to inhibit the 
growth of A. hydrophila. Growth inhibition assays of these peptides were conducted on a wild 
pathogenic strain of A. hydrophila isolated from a Wyoming toad, Bufo boreas, and on a standard 
ATCC strain. 
 
Eight concentrations, varying from 25-500µg/mL, of the two synthesized peptides were combined 
with 50µL of a standardized concentration of each strain of A. hydrophila in BHI liquid media to 
determine the minimum inhibitory concentration (MIC) of each peptide. The MIC is the smallest 
concentration of peptide that inhibits microorganism growth. With 96-well plates, the optical density 
of each well was measured with a plate reader immediately after loading and 24 hours later.  Two 
other peptides isolated and synthesized from skin secretions produced by the Mink frog were 
effective at inhibiting growth of A. hydrophila, so ranateurin-1SPb is expected to also have a low 
MIC. Ranatuerin-2Cb inhibits growth of S. aureus and E. coli, so should also effectively inhibit growth 
of both strains of A. hydrophila. 
 
Inhibition assays on B. dendrobatidis will also be conducted using the two ranatuerins.  Both 
peptides should be effective, given that Green frog populations contain a similar ranateurin to the 
Bullfrog, Rana catesbeiana, and Mink frogs contain a brevinin-2 related peptide, which have already 
been found to achieve low MICs against B. dendrobatidis. 
 

 



  

 
Session ID:  

P-2  
Abstract Title:  

The Effects of Retinoic Acid and Melatonin on Fiddler Crab (uca pugilator) X-Organ 
Cell Neurite Growth 

Presenting Author: Other Authors: 

Max Mutter (’10) Denis Reyna Ruiz (’09) and Andrea R. Tilden 
Department: 

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

Retinoic Acid (RA) has been found to reduce apoptosis in rat hippocampus cells and to combat 
oxidative stress in various cell types. When combined with melatonin RA has also been found to 
decrease the incidence of rat mammary tumors. The X-organ-sinus gland complex of the fiddler crab 
(uca pugilator), located in the eyestalk of the crab, is an analogous structure to the human 
hypothalamus/pineal gland complex. Melatoin has already been shown to significantly enhance X-
organ cell neurite growth in vitro. This study aims to determine the comparative effect of RA on X-
organ cell neurite growth and whether the combination of RA and melatonin will have a synergistic 
effect on neurite growth. The effects of these treatments on the rate of neurite growth will also be 
studied by observing cultures at both 24 and 48 hours after incubation.  
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Kirby R. Walker (’09) Catherine R. Bevier 
Department: 

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

Pumpkinseed sunfish, Lepomis gibbosus, exhibit interesting mating strategies and male parental 
care. The males build nests and guard them from potential predators. Females come to the nest to 
spawn and eggs stick to the substrate at the bottom of the nest. The male will then guard the nest for 
a short period of time until his eggs hatch.  The quality of a male’s nest likely increases his chances 
of attracting a female and may also increase offspring viability and survival. Therefore, characteristics 
of potential nest environments should influence a male’s choice of nesting site. In this experiment, I 
tested the hypothesis that shallow and deep nests differ in dissolved oxygen concentration and that 
male attendance at these nests is associated with higher oxygen concentrations to ensure offspring 
survival. I marked 34 nests in Johnson pond and surveyed them for 21 days, recording the weather 
conditions, water temperature, dissolved oxygen concentrations, and presence of male sunfish. Deep 
nests were 14 cm deeper than shallow nests, a significant difference, but overall did not have 
significantly different levels of dissolved oxygen. However, dissolved oxygen concentrations were 
significantly greater in shallow nests on 11 of the 21 days. The relationship between male nest 
attendance and oxygen concentrations of nests of different depths is being analyzed and will be 
discussed.  
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Jen Myers (’09) Victor Gagne (’09) and Andrea R. Tilden 
Department: 

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

Melatonin, an endogenous hormone, has been shown to increase neurite growth in the X-organ cells 
of fiddler crabs in vitro.  N-acetylserotonin (NAS), the precursor to melatonin, has also shown similar 
effects on neurite growth, which may be mediated via receptor binding. NAS has a higher affinity for 
the MT3 receptor than melatonin.  To investigate if the neurite growth caused by NAS is related to the 
MT3 receptor, we are culturing neurons with NAS, and NAS with Prazosin, a specific antagonist for 
the MT3 receptor.  If the NAS is working through the MT3 receptor, we expect significantly less 
growth in the NAS with Prazosin cultures compared to the NAS cultures. The neurite area is being 
measured 24 and 48 hours after the cells have been cultured in order to determine the differences 
between the treatments. 
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Escar Kusema (’09) Kirsten A. Duda (’09), Victor S. Gagne (’09), Jennifer A. Myers (’09) and 
Andrea R. Tilden  

Department: 

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

Melatonin is a lipophilic hormone produced in the pineal gland in vertebrates. It affects the immune 
system, reproduction and circadian rhythms. It has also been shown to prevent lipid peroxidation 
and to have an antioxidant effect on -OH, O2 and NO free radicals. Three types of melatonin g-
protein-coupled receptors have been found in vertebrates: MT1, MT2, and MT3. Nuclear receptors 
for melatonin also exist and may be of the ROR/RZR family. However, little is known about the 
production, roles, and mechanisms of melatonin activity in invertebrates. In this study, we explored 
the cellular effects of melatonin on neurite growth in cultured crustacean x-organ cells. Inhibition of 
calmodulin by melatonin may be a mechanism of increased neuritogenesis; we also explored the 
influence of a calmodulin antagonist on neuritogenesis.  
 
Methods 
We dissected cells from the eyestalk of the crab and cultured dissociated cells in poly-d-lysine-
coated glass-bottom culture dishes with modified Leibovitz L15 culture medim. Cells were treated 
with 1 µM, 1 nM, and 1 pM melatonin versus untreated controls. The first 30 neurite-extending cells 
per dish were analyzed with a Zeiss Axiovert 200 microscope and Axiovision 4.5 software to 
determine neurite area (µm2) and the length of the longest neurite (µm). Cells were also treated 
with the calmodulin antagonist (n-(6-aminohexyl)-5-chloro-1-naphthalenesulfonamide 
hydrochloride) and measured as above. 
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Synthesis of Organic-Soluble Oxacalix[4]arenes and their Applications as Molecular 
Tweezers 

Presenting Author: Other Authors: 

Stephen M. Carlin (’09) Rebecca R. Thorburn (’09), Solomon A. Gisemba (’11) and Jeffrey L. Katz  
Department: 

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

Oxacalix[4]arenes are synthesized in a single-step process by the cyclooligomerization of 1,8-
dichloronaphthyridine (1) with various naphthalimides (2). Solubility in aqueous and organic solutions 
can be adjusted via the substitution of different imide groups on 2. These systems can function as 
molecular tweezers capable of binding with a variety of compounds, impacting spectral data and 
fluorescence analysis. Effects of binding with salicylic acid are reported.   
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Figure 1. Oxacalix[4]arene synthesis       
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Methods of Analysis of Superoxide and Hydrogen Peroxide 

Presenting Author: Other Authors: 

Delia I. Massey (’09) Zac R. Helm (’09) and Brian P. Dimento (’10) 
Department: 

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

Superoxide is a reactive oxygen species that plays an important role in natural water systems by 
oxidizing organic matter and shifting the redox state of metals like iron and copper. Superoxide is 
produced from the one electron reduction of molecular oxygen.  Superoxide decays via a 
disproportionation reaction, often involving metals and anti-oxidants, to produce oxygen and hydrogen 
peroxide.  This work will describe optimized analytical methods for superoxide and hydrogen 
peroxide. Hydrogen peroxide is detected via a chemiluminescence reaction with an acridinium ester 
(10-methyl-9-(p- formylphenyl)acridinium carboxylate trifluoromethane sulfonate 1 µM) in base (0.01M 
Na2CO3). Superoxide is detected by selectively reacting with the chemiluminescent reagent MCLA (2-
methyl-6-(4-methoxyphenyl)-3,7-dihydroimidazo[1,2-a]pyrazin-3-one, hydrochloride 1.6 µM) at pH 6. 
In each case a flow injection analysis system was used in combination with a PMT-based 
chemiluminescence detection. The detection limit of hydrogen peroxide and superoxide was better 
than 1 nM and 0.1nM, respectively. Furthermore, both reactions are very fast, allowing detection of 
both analytes at rates up to 2 Hz. Overall, as superoxide decays to hydrogen peroxide the 
simultaneous analysis of both species allows the confirmation of the stoichiometry of superoxide 
reduction with model organics, anti-oxidants, and transition metals.  
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Determination of the Mechanism of Cytotoxicity of Epichlorohydrin and Diepoxybutane 

Presenting Author: Other Authors: 

Sharonda Q’ Bradley (’10) Matthew Stein (’08), Julie T. Millard 
Department: 

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

Epicholorohydrin (ECH) and diepoxybutane (DEB) are bifunctional alkylating agents that cross-link 
DNA and induce cell death. The two major forms of cell death are apoptosis (programmed cell death) 
and necrosis (direct damage). We are investigating the mechanism by which ECH and DEB exert 
their cytotoxic effects in cultured chicken 6C2 chicken erythroid cells via caspase activity assays.  
Caspases are a family of proteins that are instrumental in the apoptosis process.  When a caspase 
reagent is added to cells undergoing apoptosis, the caspase substrate is cleaved and the sample 
luminesces. We are comparing luminescence values for cells treated with ECH and DEB to those for 
cells treated with the positive apoptotic control camptothecin. These studies will be coupled with other 
assays for apoptosis and necrosis to characterize the mode of death by the compounds of interest 
under varying conditions of concentration and time. 
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Intramolecular Rearrangements of β−acetoxycarbene 

Presenting Author: Other Authors: 

Jonathan Guerrette (’09) Martin Schnermann (’02), Jennifer Nguyen (’07), Kimberly Graves (’08), 
and Dasan Thamattoor 

Department: 

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

Research this summer has revolved around putting the final touches on a long-standing project in the 
Thamattoor lab. The intramolecular rearrangement of β−acetoxycarbene (1) to vinyl acetate (2) has 
been observed, and three possible mechanistic pathways have been considered. Experiments with 
deuterium labeled precursors clearly show that while the 1,2-H shift is the predominant route to vinyl 
acetate from the carbene, the acetoxy group does move, albeit to a minor extent (~10%). We are now 
in the process of generating the carbene using an oxygen-18 label at the carbonyl position. Such a 
label will help solve the mystery of exactly how the acetoxy group shifts to produce 2 from 1. 
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Phage Display: The Directed Selection of Novel Peptides 

Presenting Author: Other Authors: 

Kristina M. Langenborg (’09) Kevin P. Rice 
Department: 

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

Phage display is a technique that enables researchers to design a peptide that binds with high 
specificity to a chosen target. The research previously conducted in the Rice lab directed the structure 
of this phage display project.  This lab studies the cytotoxicity of Cloretazine, a novel sulfonhydrazine 
produg, which produces two electrophiles that work synergistically by damaging DNA and inhibiting 
the cell’s DNA repair processes.  Since the lab has worked extensively on protein interactions with 
damaged DNA, nicked DNA was chosen as the target. The sequences in this library are based off of 
Poly (ADP-ribose) polymerase, PARP, but a few key amino acids are randomized, which creates 
variety in the library.  Once the library is constructed, it is inserted into the genome a T7 bacteriophage 
in such a location that the peptide is expressed externally in the capsid protein.  Then the viruses can 
be washed through the immobilized target, thus retaining the sequences that bind.  The bound then 
can be amplified and washed though again under more stringent conditions to find the peptide that 
binds with the high affinity.  Once a few phages have been produced by this selection, the genome 
can be sequenced and because of the link between the genotype and the phenotype of the virus, the 
sequence of the best binding peptide is revealed. This is a unique project because the section of 
PARP that recognizes DNA, the PARP-like Zn finger, is used normally to select for sequence 
specificity while our screen is for structural damage independent of the sequence.  Also, only one 
PARP-like Zn finger is in the library when two or three fingers were employed in previous phage 
display projects.  In addition to proof of principle, this peptide has the potential to enhance the 
cytotoxicity of Cloretazine by preventing access of the damaged DNA to the DNA repair enzymes, 
thus inhibiting their function. 
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The Gold Standard for Superoxide 

Presenting Author: Other Authors: 

Brian P. DiMento (’10) Zac R. Helm (’09) and Delia I. Massey (’09) 
Department: 

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

Superoxide (O2
-) is a paramagnetic free radical formed by the one electron reduction of oxygen (O2) 

or the one electron oxidation of hydrogen peroxide (H2O2).  It is produced photochemically in the 
surface water of lakes and oceans, as well as in most biological systems.  Superoxide decay occurs 
on a time scale of minutes, and the rate is further increased by the presence of metals.  This makes it 
impossible to prepare traditional standards to calibrate instruments for the analysis of superoxide. 
 
This work focuses on developing an ultra-clean, well-defined system for the photochemical 
production of superoxide standards in aqueous media (McDowell).  Alkaline solutions of acetone and 
ethanol were irradiated to produce a ketone triplet, which then reacts with ethanol to produce two 
carbon-centered radicals.  These radicals can then react with dissolved oxygen, producing 
superoxide and regenerating acetone, continuing the cycle. Simultaneous absorbance 
measurements were used to measure superoxide concentrations during and after photolysis.   
 
We have measured superoxide production and decay rates as a function of pH, ethanol 
concentration, and irradiation time.  Superoxide decay rates are in excellent agreement with literature 
values.  Using our reaction rates, we have determined the optimal conditions for the production of a 
superoxide standard. 
 
 
McDowell, M.S.; Bakac, A.; Espenson, J.H. Inorg. Chem. 1983, 22, 847-848. 
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Thermal Conversion of Woody Biomass to Fuels and Chemicals 

Presenting Author: Other Authors: 

Shehan L. Don Talagala (’09) Thomas W. Shattuck 
Department: 

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

The objective of this project is to develop thermo-chemical conversion of woody biomass to fuels and 
chemicals using size selective catalysts. These catalysts are mesoporpus silica thin films that have 1-
10 nm diameter pore sizes that are doped with metal oxides. By using thin films with different pore 
sizes, the selectivity of the catalyst can be controlled b size exclusion. The binding strengths and size 
exclusivity of the un-doped thin films with compounds of interest can be determined by using surface 
plasmon resonance and quartz crystal microbalance based kinetic studies. Currently we are 
conducting these studies with polyethylene glycols of different molecular masses and we plan to 
continue similar studies with polysaccharides. Our studies have so far shown that the polyethylene 
glycols in aqueous solutions irreversibly bind to the silica thin films. To carry out kinetic studies, we 
are using the polyethylene glycols in dilute methanol solutions. 
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DNA Repair Events Triggered by Cloretazine in Cultured Leukemia Cells 

Presenting Author: Other Authors: 

Roxanne Ghazvinian (’11) Kristina M. Langenborg (’09), Emily Colin (‘10J), and Kevin P. Rice 
Department: 

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

Cloretazine is a sulfonylhydrazine prodrug that is currently in phase III clinical trials for acute myeloid 
leukemia. In the body it separates into two electrophiles that work synergistically to kill cells: a 
carbamoylating species and a chloroethylating species. The chloroethylating species creates 
cytotoxic crosslinks in DNA and it is believed that the carbamoylating species works to inhibit DNA 
repair mechanisms. By looking at Sister Chromatid Exchange (SCE) through differentially stained 
chromosomes and chromosome spreads, the extent to which homologous recombination is involved 
in the repair of DNA damage due to Cloretazine can be seen. This project also looks at the presence 
of other proteins involved in DNA repair mechanisms through interaction with XRCC1. XRCC1 is a 
protein that interacts with DNA polymerase β, poly (ADP-ribose) polymerase (PARP), and DNA ligase 
III. In vitro and in vivo, these proteins co-ordinate to form a multi-protein complex which works 
towards repairing DNA. By using an XRCC1 antibody coupled to agarose beads, this complex can be 
isolated and the extent to which these three enzymes are responsible for the repair of DNA damage 
caused by Cloretazine can be determined. 
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Presenting Author: Other Authors: 

Solomon A. Gisemba (’11) Stephen M. Carlin (’09), Rebecca R. Thorburn (’09), and Jeffrey L. Katz 
Department: 

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

Water soluble oxacalixarenes (Fig 1) have been synthesized by adding sulphonic acid substituents to 
oxacalixarenes. Fluorescence was used as a probe to investigate the aggregation properties of the 
water soluble oxacalixarene, the interaction of the compound with other molecules in solution, and 
the effect of pH. The oxacalixarene host (Fig 1) has a cavity that can contain molecule guests. The 
host shows guest dependent fluorescence where different guests quench the emission intensity 
differently. Quantitative fluorescence emission measurements will be used to calculate the binding 
constant of the guests to the oxacalixarene host. 
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Figure 1. Water soluble oxacalixarene host 
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Department: 

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

East Pond is a shallow mesotrophic lake that has been experiencing increasing algal bloom 
frequency.  Although East Pond is only seven meters deep, significant stratification was observed in 
2005 and 2006, but not in 2007.  These stratification events led to anoxia and a significant benthic 
phosphorous flux to the hypolimnion.  Also observed in 2005 and 2006 were strong blue-green algae 
blooms coincident with thermocline erosion.  In 2007 East Pond was well mixed, had deeper Secchi 
depths, and a significantly weaker bloom than in previous years.  A Dynamic Reservoir Simulation 
Model (DYRESM) was run for 2006 and 2007 and calibrated against actual temperature data.  The 
model accurately reproduces thermocline structure and dynamics under varied weather and 
biological conditions.  The calibrated model allows analysis of historical bloom events and prediction 
of future climate forcing, which will be particularly valuable in predicting the influence of future 
climate change in the ecosystem of East Pond. 
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Creating Animal Attractiveness Maps for Spatial Analysis 

Presenting Author: Other Authors: 

Lauren B. Hendricks (’11) Bruce A. Maxwell 
Department: 

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

Though animal behavior may often seem unpredictable, there are many patterns that can be 
discerned.  When properly implemented, computers can be a valuable resource in detecting these 
patterns.  In the past, biologists have successfully applied statistical methods of analysis to 
Geographic Information System (GIS) data to make predictions about the spatial movement of 
animals.  However, these methods require much time and resources. To streamline this process, I 
am developing a tool that will take in GIS data about features such as land cover and proximity to 
humans, as well as recorded animal locations, to determine which have the largest influence on 
animal location. This is done with a machine learning technique known as a decision tree, which is 
essentially a series of if-then-else statements in a flow chart. The tool will then use the decision tree 
to create a map of the attractiveness to the animals of a new area. This new attractiveness map is 
based on GIS data, similar to the initial input, for the new area. Ultimately, this tool will create an 
attractiveness layer that can be used as input for an existing program, Spatial, that simulates 
population growth and decline based on environmental factors.  
 
I would like to thank the Henry Luce Foundation for providing me with the opportunity to work on this 
project.  
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Visual Analysis of Bacterial Colonies 
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Daniel H. Nolan (‘10) Allyson Cheever (’11) and Bruce A. Maxwell 
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Department of Computer Science, Colby College, Waterville, ME 
Abstract: 

We present a system for the automatic analysis of bacterial colonies using a digital camera and 
computer. The system will be portable to multiple platforms written primarily in Python.  The program 
will be able to capture images of growing plates from a specially designed light box and run several 
image processing algorithms.  The algorithms will effectively analyze the plate for several factors 
including color, size, shape, reflectivity, transparency, and three dimensional morphology with minimal 
user involvement. The program will also be able to control its own lighting environment to effectively 
subject the growth plates to multiple lighting scenarios, gathering data from each and combining them 
for final analysis. Furthermore the project will be cost effective potentially eliminating the need for 
larger more expensive arrangements with similar functionality. Assistance in evaluating the system 
has been provided by the Colby Department of Biology, with special thanks to Brittany Thomas and 
Frank Fekete. Funding for the project has been provided by the Henry Luce Foundation and the Colby 
Science Division. 
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Abstract: 

The objective of our research is to provide a basic groundwork to which future work may be built 
upon. Professor Bruce Maxwell and Colby Students are participating in a NSF funded PIRE 
(Partnerships for International Research and Education) project that seeks develop a humanoid robot 
(HUBO). The project serves as a means to gather knowledge and foster international collaboration 
while providing a platform for further research and development.  
 
Professor Bruce Maxwell and Colby College are responsible for providing the human-robot interaction 
and vision systems that are acceptable for on robot processing. The vision system is based off of an 
existing platform of Professor Maxwell’s. The system allows for various operators such as face 
recognition and blob detection to be applied to an image with notifications passed to other modules. 
Currently we are integrating and adapting this existing vision system with a ground up human-robot 
interaction system. The principle our human robot interaction system is the perception that the world 
consists of various recognizable objects that have associated mannerisms. Objects may be 
manipulated resulting in new mannerisms and perhaps new objects. In this world there exists a goal 
state of the world that is trying to be reached. Through the use of the A* search algorithm one may 
find a path from the current world state to the desired goal state. 
After the vision and interaction systems have been integrated, testing will be performed with a smaller 
robot (RoboNova). Through the design of the system moving the system to HUBO and scaling for 
greater generality should be uncomplicated with few particulars.  
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Abstract: 

For years in and around Riding Mountain National Park, Manitoba Canada, there has been human 
wildlife conflict.  In particular, people are upset and concerned about the frequency of tuberculosis in 
elk and cattle because of its economic and environmental implications. 
 
Eric Vander Wal, a Ph. D. candidate at University of Saskatchewan who is studying the interactions 
between elk and cattle, and the public opinion about the transmission of tuberculosis, asked us to 
create GIS data that can be used to create a resource selection function (based on 12,000 known elk 
locations) to model elk movement.  Using GIS, I am converting existing Riding Mountain National 
Park land cover and elk data into a uniform format and creating data that represents the distance to a 
variety of natural and human features that effect elk movement (ie. rivers and roads).   
 
All of the GIS data will be converted to or created in a format that is compatible with a decision tree 
program and the script that Lauren Hendrick is creating to model elk movement.  Once both models 
have been run, we will compare the output of the decision tree model with the resource selection 
function and hope to observe similar outcomes.  
 
Our collaboration with Eric Vander Wal’s elk research is part of a larger initiative in which our ultimate 
goal is to make it easier to use GIS, to import and export data, to model movement.  If our initial 
effort, to create data and a script compatible with a decision tree program, produces statistically 
acceptable representations of movement, we hope to modify it to make it more user friendly and 
versatile.   
 

 



  

 
Session ID:  

P-20  
Abstract Title:  

Chemical analysis of lead content in Bermuda pond sediments and its relationship to 
anthropogenic factors 

Presenting Author: Other Authors: 

Amanda M. Smith (’09) Bruce F. Rueger 
Department: 

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

Cores were taken from four different bodies of water in Bermuda, including Warwick Pond, Evans 
Pond, Spittal Pond and Lover’s Lake.  Samples from each core will be analyzed using an ICP 
instrument.  An emphasis will be placed on the lead content in the samples; however, additional tests 
may include copper, zinc, mercury, cadmium and chromium levels.  It is expected that analysis will 
show an increase in lead levels correlating to the introduction of motor vehicles in Bermuda, following 
WWII.  It is also expected that lead concentration will decrease relating to the onset of unleaded fuel 
use.  Results from this project may lead to collaboration with researchers at the Bermuda Zoological 
Society, who have run similar analyses on sediments from Pitman’s Pond in Bermuda.  These 
analyses did indeed find an increase and subsequent decrease in lead levels throughout the Pitman 
Pond core.  The analyses of additional ponds will confirm if this is an island wide phenomenon, or 
simply an isolated situation.  Results will be of additional interest to members of the Killifish Recovery 
Plan, as several of the ponds to be tested contain the killifish, a species endemic to Bermuda.  
Knowledge of the history of contaminant levels in the ponds will aid in their progression. 
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Abstract: 

Recent research shows that there are cross-cultural differences in perception between Caucasians 
and Japanese. When shown the same scene and asked to recall what they have seen, Caucasians 
and Japanese tended to report about different aspects of the scene (Masuda & Nisbett, 2001). 
Whereas both groups reported about the foreground, Japanese participants reported more about the 
background than Caucasians. With a recognition task, Masuda and Nisbett found that Japanese 
participants did worse when the background was changed; whereas, Caucasians were not affected by 
changes in the background. The authors concluded that Japanese are context-dependent while 
Caucasians are not. In the present study we used an eye tracking methodology to examine the 
hypothesis that these observations are due to cross-cultural differences in visual inspection between 
Caucasians and East Asians. We recorded eye movements of the two groups as they looked at 
pictures.  The pictures contained a central figure - animal (e.g, a tiger) or a vehicle (e.g., an SUV) - 
placed in a plain white background, a congruent background (e.g., tiger in a field), and an incongruent 
background (e.g., tiger in front of a store). To date, I have tested 4 East Asians and 4 Caucasians. 
Fixation points of 0.2 seconds or more were recorded, taking note whether they were on the figure or 
on the background. Average number of fixations as well as average time spent looking at either the 
figure or the background was computed. Based on these 8 participants, the trend of the results 
supports the hypothesis that Caucasians look more at the foreground than the background; whereas, 
East Asians look at the figure and the background approximately equally.  
 

 
 
 


