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The Summer Research Symposium is an annual event where students present posters of their 
summer research projects for faculty, staff , and other students.  It is a great opportunity to 
write an abstract, produce a poster and then explain the project to prepare for a professional 
conference.

Most of the students are Summer Research Assistants who receive stipends to work with a 
faculty mentor during the summer.  Faculty bene• t by having quality research assistance that 
can bridge the academic year and span multiple summers.  Students bene• t from the in-depth 
learning that is possible over the focused summer weeks.  Research has been shown to be one of 
the high impact educational practices that students bene• t from most in higher education.

Summer assistants are supported by multiple funding sources such as faculty and institutional 
grants and Middlebury College endowments.  Funding sources are noted on the left column of 
the abstracts.

Statistics at the time of the symposium show over 105 students were Summer Research 
Assistants in 2009 in the following general departments:

Biology (17)
Chemistry (18)
Classics (1)
Computer Science (4)
Economics (12)
English & American Literatures (1)
Environmental Studies (2)
Geography (6)

Geology (4)
History of Art & Architecture (2)
Mathematics (2)
Physics (6)
Political Science (4)
Psychology (18)
Sociology and Anthropology (2)
Theatre (6)

Students worked an average of 30 hours a week during 10 weeks contributing over 31,000 hours 
of research time to the college in the summer of 2009!

Thank you to all the faculty, staff , and students for all your hard work and enthusiasm.
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Associate Dean for Undergraduate Research
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Administrative Assistant
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Perspective-Taking: Ability, Accuracy, and Propensity

Aviva Bannerman and Suzanne Gurland
Department of Psychology, Middlebury College, Middlebury VT 05753

Current literature on perspective-taking lacks a precise, differentiated view of perspective-taking and 
its components. The aim of the present research is to disentangle ability, accuracy, and propensity as 
components of perspective-taking and examine their inter-relations. To that end, various perspective-
taking measures that focus speci• cally on ability, accuracy, and propensity have been identi• ed and 
piloted. In the proposed poster, these measures are reviewed and situated in the context of the multi-
method, multi-trait experiment of which they will become a part this academic year. 

Relationships Between the Antioxidant Pro• le and Health Status of Individual Antral 
Follicles in the Bovine

Margot Burns, Stephanie Hastings and Catherine Combelles
Department of Biology, Middlebury College, Middlebury VT 05753

Antral follicles vary in their ability to support the function of a healthy oocyte with full 
developmental competence.  These follicles also undergo a natural process of atresia associated with a 
wide spectrum in the quality of the enclosed oocyte.  Regardless of their atretic status, antral follicles 
are often used as sources of immature oocytes for in vitro maturation and embryo production, or 
manipulated with exogenous hormones to augment the number of available and hopefully competent 
oocytes.  De• ning reliable markers of follicle and oocyte health will help improve the overall success 
of assisted reproductive technologies.  One such biomarker may relate to the oxidative stress status of 
a follicle, with oxidative stress resulting from any imbalance between pro-oxidants and antioxidants.  
Using slaughterhouse bovine ovaries, our study aimed to characterize the antioxidant capacity of 
the follicular • uid and granulosa cell compartments of individual antral follicles.  We tracked the 
protein expression and enzyme activity of key antioxidants (superoxide dismutase, SOD; catalase, 
CAT; glutathione peroxidase-1, GPx1) as well as total antioxidant capacity (TAC) in individual 
follicles of different sizes that were also staged for their atretic status using a variety of markers 
(estradiol, progesterone, caspases, and annexin V/propidium iodide).   There was a decline in SOD 
(but not CAT) enzyme activity in follicular • uid from individual antral follicles of increasing sizes.  
Also in follicular • uid, correlations existed between SOD and CAT enzyme activity and estradiol 
concentrations while no relationship was found between antioxidants and progesterone.  Follicular 
• uid and granulosa cell lysates exhibited variability in antioxidant expression (SOD-1, -2, -3, GPx1, 
CAT, and TAC) across individual antral follicles.  Some of these variations were related to the 
size and apoptotic status of the follicle that samples were obtained from.  Furthermore, granulosa 
cells from individual follicles displayed unique patterns of GPx1 expression (but not CAT) when 
originating from follicles with cumulus-oocyte-complexes of suboptimal morphological grade or 
quality.  In conclusion, antioxidant concentrations varied with the size and health status of antral 
follicles with not all antioxidant markers regulated in the same manner whether in the granulosa cell 
or follicular • uid compartments.  Excitingly, this work lays the foundation for future studies aimed at 
testing the relevance of antioxidants as biomarkers of follicle atresia or oocyte quality.
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Geological Mapping and Bedrock Relationship to Ground Water Chemistry in 
Charlotte, Vermont

Arthur Clark, Taylor Smith, Jon Kim and Peter Ryan
Department of Geology, Middlebury College, Middlebury VT 05753

Beginning in 2002, the Vermont Geological Survey (VGS) and Middlebury College students and 
faculty have worked together on an ongoing geological mapping and aquifer analysis project in 
various geological environments in northern Vermont.  At the onset, the project was undertaken to 
update the state’s bedrock maps using more recent technologies as the last map produced was from 
1961 (VTDEC, 2008).  
 During the project, concern arose in some Vermont communities over naturally produced 
contaminants in local aquifers, including arsenic, lead, uranium and alpha radiation.  Several past 
studies conducted in Hinesburg-Williston, the towns east and northeast of Charlotte, hypothesized that 
the metasedimentary bedrock units of the hanging wall of the Hinesburg Thrust fault were the source 
of the most highly elevated levels of radionuclides in the aquifer, but also that carbonate bedrock 
from the footwall also has the potential to produce elevated alpha radiation – 13 of 21 wells contained 
gross alpha radiation > 5 pCi/L (the Vermont action level).  These same carbonate formations outcrop 
in Charlotte. Three student projects (North, 2005; Davis, 2008; Bean, 2009) have indicated that the 
increased gross alpha levels in the groundwater are derived from radium, thorium, and uranium. In 
the metasedimentary rocks in Hinesburg-Williston the alpha activity was mainly derived from Ra 
and Th, whereas in the carbonates, the main source was U.  Recently, the Vermont Department of 
Health noted elevated • uoride levels in a shale aquifer in Charlotte (4 of 9 wells reported contained 
greater than the EPA MCL of 4 mg/L F-), which prompted examinations into the current project, 
which consists of • uoride testing as well as an overall assessment of aquifer lithology and chemical 
composition (bedrock and ground water). 
 In conjunction with the VGS mapping project, research this summer consists of sampling 
and analysis of 28 wells in several different bedrock formations that represent the lithologies of 
Charlotte.  Attention was paid to the Champlain Thrust and its possible connections to elevated 
radioactivity, trace metals and • uoride in Charlotte’s aquifers that lie in predominately shale and 
carbonate formations.   Preliminary test results from the • rst 15 wells tested show that 6 out of 15 
wells contain U concentrations between 2 and 8 ppb, suggesting potential for alpha radiation (GA) 
or radium contamination like that observed in Hinesburg-Williston. Arsenic was elevated (> 2 ppb) 
in two wells, including one with 10.6 ppb (the EPA MCL is 10 ppb). While previous VDH analyses 
indicate elevated • uoride in shale wells, • uoride analyses to date this summer indicate no levels 
were above the MCL of 4.0 ppm. Nitrate values (NO3-N) in all cases were < 5 ppm (VT MCL), and 
in 14 of 15 wells were below 1 mg/L, indicating little or no contamination from septic systems or 
agriculture. Further analyses on the spatial and compositional relationships between ground water 
bedrock lithology will help to understand implications for the region’s bedrock formations and ground 
water quality. 
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Retardation of Acrylamide Generation in the Maillard Reaction Using
Ribose-5-Phosphate

Joey Colianni and Roger Sandwick
Department of Chemistry & Biochemistry, Middlebury College, Middlebury VT 05753

The formation of acrylamide through a reaction between sugars and asparagine in various food 
products, including potatoes, has been extensively studied in the past decade.  Acrylamide, a 
potential health hazard, is produced during a Maillard reaction at high temperatures (>120°C).  The 
Maillard reaction is a non-enzymatic reaction between amines and sugars that typically leads to 
the browning of the food product.  Prevention of acrylamide formation is currently of great interest 
to the food chemistry • eld, as products like French fries and potato chips are widely consumed by 
mass populations. D-ribose-5-phosphate (R5P) has been shown by previous studies to be a highly 
reactive sugar in the Maillard Reaction.  Tests with R5P and various amines, including asparagine, 
have yielded a wide range of products, depending on the amine used.  In reactions containing 50 mM 
R5P and 100 mM amine compound (e.g. Tris, Gly, or Asn) at 37°C, most of the amine containing 
compounds react with R5P for a limited period before concentrations level off , but asparagine is 
continually consumed until it is fully depleted.  Acrylamide formation has not been observed in 
any of these R5P systems.  It is therefore postulated that the addition of R5P to a system containing 
asparagine and other sugars may prevent acrylamide from forming.  Acrylamide is experimentally 
formed by heating a mixture of 50 mM asparagine and 50 mM glucose in a sealed glass tube for 20 
minutes at 180°C.  After an ethyl acetate extraction, acrylamide content is analyzed using Liquid 
Chromatography-Mass Spectrometry.  Once acrylamide concentration is determined, R5P will be 
added to the system to • nd its effect on the formation of acrylamide.  The model system can then be 
changed to better mirror a potato in the hopes of • nding R5P to be a useful retardant of acrylamide 
formation.

Finding Realizations of Degree Sequences with Speci• c Imposed Conditions

Daniel Crow, Daisy Zhou and John Schmitt
Department of Mathematics, Middlebury College, Middlebury VT 05753

Graph theory is useful in modeling networks occurring in • elds such as physics, biology, and 
computer science. In these studies, it is frequently necessary to model graphs with speci• c desired 
properties. A classical problem in graph theory is to determine if an integer sequence  
d  = { d1, d2, …, dn}   is graphic; that is, if there exists a graph on n vertices with the integers matching 
the degrees of the vertices. This problem is well studied and several sets of necessary and suf• cient 
conditions are known. A recent generalization of the degree sequence problem is the joint-degree 
matrix graphic realization problem. In this problem, the exact number of desired edges between 
vertices of different degree classes is speci• ed, along with a degree sequence. A set of necessary and 
suf• cient conditions were given by Amanatidis, Green, and Mihail. We address a generalization of 
their problem in which the joint-degree matrix speci• es the exact number of edges between the parts 
of an arbitrary partition is given, providing a new set of necessary and suf• cient conditions and an 
algorithm to construct such a graph in polynomial time. Furthermore, we apply these results to several 
problems in extremal graph theory.
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Identi• cation of Spindle and Chromosomal Segregation Defects during Meiosis in 
mei4/mei4 Oocytes

Hannah Dzimitrowicz and Jeremy Ward
Department Biology, Middlebury College, Middlebury VT 05753

Meiosis, the process that generates haploid gametes and involves an exchange of parental genetic 
material, is crucial to sexual reproduction and maintenance of genetic diversity.  Despite this 
importance of meiosis, aberrations in the meiotic process can lead to drastic health consequences 
including birth defects, spontaneous abortion, and infertility.  Identi• ed in a forward genetic screen 
by Ward et al. (2003), the mutation mei4 causes both males and females carrying two copies of 
the mutation to be sterile with abnormal chromosome congression in early metaphase I.  Despite 
the similarities between metaphase I spermatocytes and oocytes, spermatocytes undergo an early 
metaphase I arrest, while oocytes are competent to reach the two-cell embryonic stage.  Because of 
this phenotypic difference, oocytes can continue to divide and are capable of producing aneuploid 
embryos.  It is not known what percentage of mei4 oocytes may retain normal chromosome dynamics 
or if spindle formation proceeds normally.  To elucidate this activity in mutant oocytes, a protocol has 
been established for collecting, culturing, and immunocytochemically analyzing oocytes in order to 
assess their progression through meiosis and their spindle morphology.  In the future, oocytes from 
each genotype will be • xed and stained in this established manner after varying amounts of time in 
culture.  Preliminary data from an earlier small sample suggest that mei4/mei4 oocytes are delayed in 
maturation and exhibit abnormal spindle development; the planned study will expand upon this earlier 
observation. Because aberrations in female meiosis often lead to errors in chromosome segregation, 
better analysis of the mei4 mutation’s impacts on oocytes may contribute to a better understanding 
of the mechanisms behind aneuploidy, a major cause of infertility and birth defects in human 
reproduction. 
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Plane Detection From Feature Matches Using J-Linkage

David Fouhey, Daniel Scharstein and Amy Briggs
Department of Computer Science, Middlebury College, Middlebury VT 05753

For effective visual navigation, both humans and robots rely on distinctive visual landmarks for 
localization.  The goal of this research is to develop algorithms and infrastructure for navigating an 
outdoor environment such as the Middlebury campus from camera images.  Images taken by a user 
will be matched against a database of stored 360-degree panoramas in order to estimate the user’s 
location by triangulation.
 We use planar surfaces, such as exterior walls of buildings, as visual landmarks.  While 
humans can • nd planes in images with apparent ease, performing this task with a computer is non-
trivial.  In this project, we developed a novel algorithm for the detection and matching of planes 
between pairs of images.  First, a large number of point features are extracted and matched using 
the SIFT feature detector.  Local hypotheses for planes are generated using J-Linkage, an approach 
to • tting multiple models to noisy data.  These hypotheses are then merged, spatially analyzed, and 
• nally robustly • tted and checked for stability.  The algorithm was implemented in Python and C.  
When tested on a set of 29 panoramas taken on Middlebury’s campus, it recovers 70% of all matching 
building walls with suf• cient texture that were identi• ed by a human.
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Carbon-centered Radical Addition to N-Heterocyclic Carbenes

Zachary X. Giustra and Jeff Byers
Department of Chemistry & Biochemistry, Middlebury College, Middlebury VT 05753

To investigate the potential reactivity between N-heterocyclic carbenes and carbon-centered radicals, 
this study attempted to synthesize 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene (1) from the 
reduction of the corresponding imidazolium chloride salt by potassium metal in accordance with 
the procedure developed by Gorodetsky et al. Due to the dif• culties encountered in successfully 
executing this method, various means of generating N-heterocyclic carbenes in situ were also 
investigated, including the thermolysis of (1-ethyl-3-methylimidazol-2-ylidene)silver chloride (2) and 
the decarboxylation of N,N’ -dimethylimidazolium-2-carboxylate (3) based on the studies of Sentman 
et al. and Tommasi et al. respectively. These processes were incorporated into standard procedures for 
achieving radical addition via such radical precursors as dimethyl 2-methyl-2-phenylselenomalonate, 
cyclohexyl bromide, and azobisisobutyronitrile.
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Panorama Acquisition, Visualization, and Matching for Visual Navigation

Kelvin Gorekore, Porter Westling, Daniel Scharstein and Amy Briggs
Department of Computer Science, Middlebury College, Middlebury VT 05753

For effective visual navigation, both humans and robots rely on distinctive visual landmarks for 
localization.  The goal of this research is to develop algorithms and infrastructure for navigating an 
outdoor environment such as the Middlebury campus from camera images. Images taken by a user 
will be matched against a database of stored 360-degree panoramas in order to estimate the user’s 
location by triangulation.
 Our work was in two areas.  The • rst area was collecting and visualizing the reference 
panoramas.  We acquired geo-tagged image sets at 29 locations on Middlebury’s campus.  Each image 
set was then stitched into a 360-degree panorama using Microsoft’s Image Composite Editor (ICE).  
We implemented two systems for visualizing the data, using Python and Google Maps.  The second 
area involved processing views of planar surfaces from different reference views.  We acquired 
several sets of test images, each containing one major plane.  We corrected for radial distortion using 
the intrinsic camera parameters obtained with Matlab’s Calibration Toolbox, and aligned each set of 
images using the GDB-ICP registration algorithm.  We also evaluated polynomial and exponential 
models for describing the color transform between the aligned images, which we implemented in 
Python and Matlab.
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Characterization of Various Adenosine Nucleotides on the Electron Transfer between 
R5P and Bovine Heart Cytochrome c

Lisa Mariko Gretebeck and Roger Sandwick
Department of Chemistry & Biochemistry, Middlebury College, Middlebury VT 05753

Cytochrome c, a small protein of about 104 amino acids, is a critical component of the respiratory 
chain and an initiator of apoptosis. A cationic surface patch on cytochrome c has previously been 
shown to play an important role in its association to respiratory chain partners and to the inner 
mitochondrial membrane. We found the metabolite ribose 5-phosphate (R5P) to be an effective 
reducing agent of cytochrome c under physiological conditions (neutral pH, 37  •C). We speculate 
the interaction of R5P with cytochrome c to be at the cationic site. UV/Visible analysis was used to 
examine the effect of various adenosine nucleotides on the electron transfer between R5P and bovine 
heart cytochrome c. Results suggest a competition between R5P and ATP/AMP/Pi for a putative ATP 
binding site on bovine heart cytochrome c. ATP molecules were able to effectively bind to this site 
on cytochrome c, thereby preventing binding and subsequent oxidation of R5P molecules. We have 
also found that R5P rapidly glycates cytochrome c. The function of R5P-glycated cytochrome c was 
evaluated for its electron-transfer abilities in a reaction with NADH-cytochrome reductase. 

                         

                    

                         

                    
                                          

Glycation of Tubulin Using Ribose 5-Phosphate

Caitlin King and Roger Sandwick
Department of Chemistry & Biochemistry, Middlebury College, Middlebury VT 05753

Tubulin proteins are vital for cell division and maintenance; abnormalities in tubulin or tubulin-related 
proteins often underlie degenerative diseases such as Alzheimer’s disease. My previous research 
has shown that tubulin proteins undergo harmful glycation reactions with sugars at physiological 
temperature. Glycation occurs fastest with ribose 5-phosphate, and produces non-functional protein 
aggregates. Certain sites on the protein are more susceptible to glycation due to factors such as 
accessibility and pKa. One such site is Lys-40, where the N-terminus region of alpha-tubulin 
encourages the deprotonated form of lysine. This site is also readily acetylated, and consequently may 
indicate an important regulatory site for tubulin polymerization. Tubulin was reacted with R5P for 0 
to 24 hours, cleaved with CNBr and trypsin, and the Lys-40 residue was identi• ed and analyzed using 
LC-MS. If glycation occurs readily at Lys-40, this presents strong evidence for interplay between 
acetylation and glycation in the cell. This research serves to elucidate the regulatory system of tubulin 
proteins, and what subsequent modi• cations render the system nonfunctional. 
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“The Freedom to Be Racist? How the United States and Europe Are Limiting Racism 
by Restricting Freedom and Why We Should Care”

Francesca Lambert and Erik Bleich
Department of Political Science, Middlebury College, Middlebury VT 05753

“The Freedom to Be Racist?” is the title of Professor Erik Bleich’s upcoming book, to be published 
by Oxford University Press, which I have helped research over two summers and the course of the 
last academic year.  The book centers around the following questions: how do liberal democracies 
draw the line between preserving freedom of expression and limiting racism?  How much freedom 
should be given to racist expression?  The project explores the current debate regarding the state of 
freedom of expression in the liberal democracies of the U.S., Germany France, and Great Britain, 
and how it may be curtailed in the name of enhancing equality of opportunity and • ghting racism.  
An examination of the legislative history and current climate regarding freedom of expression in 
the U.S. and these European countries highlights the differences in approach taken by these liberal 
democracies.  The story is one of diverging paths.  The European approach has slowly evolved 
to sacri• ce speech in favor of restricting racist expression, a philosophy embedded in several 
international and European covenants and put into practice by criminalizing Holocaust denial, 
banning extremist political parties and associations, and routinely convicting public • gures for racist 
speech.  On the other end of the spectrum, the United States has taken a strong position in favor of 
maximal free speech, far outside of international norms; what is less known about the American story, 
however, is that the United States has also been at the forefront of limiting freedom in crucial ways, 
both at certain points of its history and in the areas of antidiscrimination and hate crime legislation 
today.  This in-depth examination of comparative legislative developments as products of particular 
historical circumstances and political decisions leads to the conclusion that there is more than one 
viable way to manage the balance or trade-off  between preserving freedom and curbing racism.  Of 
fundamental importance, then, is the presence of a citizen-based, democratic process in order to 
determine where each society should stand on this issue at particular times in its history.  As liberal 
democracies are constantly engaged in balancing the interests of their citizens, such an approach is the 
only one that could tackle such weighty issues.  

Enhancing Children’s Dietary Recalls with the Cognitive Interview

Kevin P. Madore and Michelle R. McCauley
Department of Psychology, Middlebury College, Middlebury VT 05753

The structure of an interview can impact the quantity and quality of information elicited during 
children’s dietary recalls. The proposed study will compare the effectiveness of two interview formats 
(the USDA’s multiple-pass protocol vs. the Cognitive Interview) on children’s reports of foods 
consumed. To this aim, 60 children (ages 4 to 10 years) will attend a recreational event at which they 
are served snacks. Three days later they will be interviewed about what they ate through an oral recall 
and a recognition task. It is predicted that children interviewed with the CI protocol will report a 
greater number of dietary items and fewer incorrect items than those interviewed with the multiple-
pass protocol. This poster will present the proposed research methodology and interview scripts.

13

STUDENT FUNDING
Francesca Lambert
IP&E 2011
Middlebury College

Undergraduate 
Collaborative Research 
Fund

FACULTY MENTOR
Erik Bleich
Associate Professor of

Political Science

14

STUDENT FUNDING
Kevin P. Madore
PSYC & HIST 2011
Middlebury College

Bicentennial Fund for 
Research Partnerships in 
the Sciences

FACULTY MENTOR
Michelle R. McCauley
Professor of Psychology

Middlebury Summer Research Symposium 2009

Page 11



Hammett 13C NMR Studies of Modi• ed •- allylpalladium PHOX Ligand Complexes

Amelia L. Noble, Nathaniel C. Nelson, Elizabeth A. Dembicer, and Richard C. Bunt 
Department of Chemistry & Biochemistry, Middlebury College, Middlebury VT 05753

Electronically modi• ed phosphinooxazoline (PHOX) ligands and • -allylpalladium PHOX complexes 
were synthesized and studied in order to discern the role of these ligands in enantioselective synthesis. 
Electron withdrawing and donating substituent groups were added to the PHOX ligands and their 
effects on the • -allyl complexes across the palladium center were monitored by 13C NMR, which 
allowed us to observe both Exo and Endo intermediates. Substituent groups were orientated meta 
(4’ -PHOX) or para (5’ -PHOX) to the phosphorous in the ligand in order to compare differences in 
positioning with the varying effects on enantioselection. The correlation between substituent groups 
and enantioselectivity was evaluated by Hammett analysis, which has supported an electronic basis 
for enantioslection over competing explanations.  
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Expression, Puri• cation , and Con• rmation of truncated 3-hxdroxy-3-methylglutaryl 
Coenzyme A Reductase (HMGR)

Ashley E. Panichelli and Robert G. Cluss
Middlebury College, Department of Chemistry and Biochemistry, Middlebury, VT 05753

The widespread, spirochetal bacterium, Borrelia burgdorferi causes Lyme disease in over 25,000 
Americans annually. Unlike many gram-negative bacteria, the B. burgdorferi organism utilizes 
the mevalonate pathway for the production of isopentyl diphosphate (IPP), a product ultimately 
utili zed in the maintenance of the cell wall and the synthesis of carriers used in electron transport. 
The most thoroughly classi• ed enzyme of the mevalonate pathway is 3-hxdroxy-3-methylglutaryl 
Coenzyme A reductase (HMGR). This gene product is responsible for the conversion of 3-hydroxy-
3-methylglutaryl Coenzyme A (HMG-CoA) to mevalonate, the rate limiting step of this biosynthetic 
pathway. Unlike the class II HMGR enzymes from bacteria such as S. aureus and P. mevalonii, only 
information regarding in silico analysis of the B. burgdorferi reductase has been published. With 
our study, we hope to build on previous B. burgdorferi HMGR research carried out by the Cluss 
lab. Genomic DNA will be used as the template for the ampli• cation of a truncated version of the 
HMGR gene. This DNA product will be inserted in the pMAL-C2X plasmid, transformed into One 
Shot Top10 Escherichia coli cells, and over-expressed in BL21(DE3) cells as a fusion  with maltose- 
binding protein (MBP). The fusion will then be puri• ed using an amylose resin column, and MBP 
will be cleaved using a Factor Xa protease. After puri• cation of truncated HMGR, the protein will be 
assayed for enzymatic activity using both NADH and NADPH as co-factors. After initial biochemical 
characterization is complete, similar assays will be carried out under various pH and temperature 
conditions. A more thorough understanding of HMGR and its functionality may lead to increased 
knowledge regarding the survival of B. burgdorferi in vertebrate and invertebrate hosts, which could 
also lead to new therapeutic approaches to the treatment of Lyme disease.

Deciphering the SloR:SRE Interaction in Streptococcus mutans; a DNA Perspective 

Mitchell Pesesky and Grace Spatafora
Department of Biology, Middlebury College, Middlebury VT 05753

Streptococcus mutans, the primary causative agent of dental caries, poses a major health risk 
worldwide. Current research into treatments for dental caries focus on handicapping S. mutans 
virulence factors, including those that mediate dental plaque formation and acid tolerance.  SloR is an 
important metalloregulatory protein in S. mutans that affects the expression of at least 13 genes tied to 
virulence. 
 The present study looks into the mechanism(s) of SloR gene regulation at the level 
of transcription. To this end, we performed gel mobility shift assays to con• rm earlier in silico 
predictions of the SloR binding regions (called SloR Regulatory Elements or SREs) on the S. mutans 
UA159 chromosome.  Earlier studies in the Spatafora laboratory support gene repression upon SLoR 
binding to promoter-proximal SREs, and gene up-regulation upon SloR binding to promoter-distal 
SREs.  Consistent with this model are the results of gel shift experiments that support repression of 
an smu.217 gene cluster upon SloR binding to a promoter-proximal SRE. DNA footprinting studies 
are currently underway to reveal the nucleotide sequence of SREs in the promoter regions of affected 
S. mutans genes. To carry out these assays we have cloned and expressed a C-terminal His-tagged 
SloR protein in a pET101D E. coli expression vector.  The puri• ed SloR fusion will be used to 
perform DNA footprinting assays with SREs that precede a variety of S. mutans virulence genes that 
we determined are subject to SloR repression and/or up-regulation.  Through this research we may 
identify SloR as an appropriate therapeutic target, and thus promote drug design that can alleviate S. 
mutans-associated disease.
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Discovering Young Supernova Remnants in the Galaxy M83

Meredith Muller, Joseph Putko and Frank Winkler
Department of Physics, Middlebury College, Middlebury VT 05753

The galaxy M83 has produced six supernovae (SNe) in the last century, more than all but one other 
galaxy, and so astronomers are led to believe that M83 is rich in supernova remnants (SNRs).  We are 
handling a large data set of images of the galaxy collected from the 6.5 m Magellan I telescope at the 
Las Campanas Observatory in Chile, and are using this data set to identify young SNRs.  By studying 
these, we can learn about the SNe that occurred, their environments, stellar evolution, and the 
structure and composition of M83.  There are many processing steps in order to convert the raw data 
into images ready for analysis. These steps include correcting for numerous systematic effects in the 
raw charged-coupled device (CCD) images, applying a world coordinate system, concatenating, and 
overlaying.  We can now classify nebulae based on emission-line images at wavelengths characteristic 
of hydrogen, sulfur, and oxygen in order to identify SNR candidates.  We will also compare our 
• ndings with a census of x-ray sources from the Chandra X-ray Observatory for con• rmation and 
further information.
   

The Role of the Insula in Cognitive Flexibility and Schizophrenia

Emma J.B. Robson and Mark Stefani
Department of Psychology, Middlebury College, Middlebury VT 05753

Cognitive • exibility describes the ability of animals to switch from using one rule to another when 
the second becomes more adaptive. Impairments in cognitive • exibility are associated with disorders 
such as schizophrenia, Parkinson’s disease and obsessive-compulsive disorder. Previous research 
suggests that a region of neocortex known as the insula plays a role in cognitive • exibility, not in 
learning the second rule, but in recalling the • rst rule. What is not known is which neurotransmitter 
system(s) are involved, and whether the insula is related to the cognitive • exibility de• cits 
experienced by schizophrenics. To investigate this, male Sprague-Dawley rats were trained on a set-
shift task designed to measure their ability to perform an extra-dimensional rule shift. Twenty min 
prior to being trained on the rule shift (set 2), each rat was given a bilateral, intra-insula injection (0.5 
• l/hemisphere) of either the NMDA receptor (3 • g/hemisphere) antagonist MK-801 or a sterile saline 
control solution via surgically implanted guide cannulae. MK-801 is known to produce schizophrenia-
like symptoms in rats. Preliminary data suggest that NMDA receptor antagonism does not affect the 
ability to learn a second rule; rather it affects the ability to recall the • rst. Interestingly, schizophrenics 
exhibit the opposite, an inability to learn a second rule and a continued use of the • rst even after it has 
become maladaptive.
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Eye-Tracking Study of Visual Attention in Survivors of Combat and Motor Vehicle 
Accidents

Liz Saunders, Kelly Stewart and Matt Kimble
Department of Psychology, Middlebury College, Middlebury VT 05753

Posttraumatic stress disorder (PTSD), an anxiety disorder that may develop following a traumatic 
experience, is characterized by re-experiencing, avoidance, and hyperarousal symptoms and is 
thought to affect attentional allocation. The present study used a split-screen paradigm to examine 
the effects of trauma and PTSD on attention to neutral and trauma-relevant stimuli. Forty-eight 
community members who reported either combat exposure or a serious motor vehicle accident 
participated. A split-screen slideshow simultaneously presented a neutral and trauma-relevant picture 
(combat or motor-vehicle accident) side by side while participants’ eye-movements were tracked. 
A repeated-measures ANOVA indicated that combat veterans looked longer at all types of negative 
pictures as compared to MVA survivors who only looked longer at MVA pictures. Individuals with 
PTSD, regardless of trauma type, showed a trend toward looking longer at all negatively valenced 
pictures.  Implications for the effects of trauma type and PTSD on attention are discussed.

Characterizing SloR Binding to Palindromic SRE Sequences on the S. mutans 
Chromosome: A Protein Perspective 

Evan Smith and Grace Spatafora
Department of Biology, Middlebury College, Middlebury VT 05753

Streptococcus mutans- induced dental caries continue to be a global health concern given that 60-90% 
of children worldwide are affected by this oral disease annually.  S. mutans generates caries on the 
primary dentition as it metabolizes dietary carbohydrates and releases lactic acid as a by product. 
Acid accumulation at the plaque-enamel interface subsequently demineralizes the tooth surface, 
which marks the onset of decay. SloR is an iron- and manganese- dependent metalloregulatory protein 
in S. mutans that promotes S. mutans persistence in the oral cavity. SloR mediates the expression 
of multiple virulence attributes in S. mutans, including the acid tolerance response (ATR) and the 
movement of essential metal ions into the bacterial cytosol. Previous studies in the Spatafora lab 
revealed genes belonging to a SloR regulon and their contribution to cariogenesis, but a crystal 
structure for this global metalloregulator has not yet been achieved. In the present study, we set out to 
generate a native SloR protein for x-ray crystallography analysis. To this end, we PCR ampli• ed the 
650 bp SloR coding sequence from the S. mutans UA159 chromosome and cloned it into a pET101D 
expression vector in E. coli. The resulting construct, called pES-03, was con• rmed by restriction 
analysis and transformed into B21 E. coli for expression upon induction with IPTG. Mutant variants 
of the SloR protein will be similarly produced following site-directed mutagenesis of the SloR metal 
ion binding sites and/or DNA binding interface using a Quick Change II Site-directed Mutagenesis 
Kit from Stratagene. 
 We are also assessing the cariogenic potential of a SloR hyperexpressing mutant in a germ 
free rat model.  Speci• cally, we cloned a 1.037 Kb aplicon that includes the SloR coding sequence 
and 400 bp of upstream regulatory sequence into into pTRKH2 and pTRKL2 shuttle vectors. The goal 
is to transform the con• rmed recombinants into S. mutans UA 159 to facilitate SloR hyperexpression 
in trans. The hyper-expressing mutant will be validated on Western blots prior to mono-infecting 
germ-free rats that are housed at the University of Alabama at Birmingham. We expect that the 
hyperexpressing mutant will prove hypocariogenic in vivo, thereby validating a role for the S. mutans 
SloR protein in virulence gene expression. 
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Mineralogical and Chemical Analysis of Bedrock from an Arsenic-Rich Aquifer in 
North-Central Vermont

Taylor Smith, Arthur Clark and Peter Ryan
Department of Geology, Middlebury College, Middlebury VT 05753

Previous work by Middlebury geology thesis researchers (Bright, 2006; Sullivan, 2007; Chow, 2009) 
indicates that the north-central region of Vermont bedrock contains groundwater with highly elevated 
Arsenic concentrations. Hydrochemical analysis has shown some concentrations above 275 ppb 
in ground water, which far exceeds the EPA maximum contaminant level of 10 ppb. All studies to 
date implicate meta-ultrama• c rocks as the most probable source of the arsenic in this region. Many 
ultrama• c rocks in the study area contain 100 – 1100 ppm arsenic, well above the crustal average of 
2 ppm, and Sullivan (2007) and Chow (2009) speculated that As might be contained in serpentine 
(antigorite) tetrahedral layers. Furthermore, Mg-rich ground water with elevated As from the study 
area indicates that serpentinite and talc (metamorphosed ultrama• c rocks) are the source of arsenic in 
the ground water.
 Prior to this current study, the precise mineralogical content of the aquifer rocks had not 
been analyzed. However, given that the chemical composition of ground water tends to re• ect the 
dissolution of minerals in the aquifer, this research was designed to assess the mineralogical content 
of the bedrock units for which geochemical analysis have already been performed. X-ray diff raction 
is currently being applied to the determination of mineralogical content, towards a goal of further 
constraining the composition of the bedrock bodies. 
 The Mineralogical content of the ultrama• c rocks from the work of Bright and Sullivan is 
dominated by antigorite and chlorite. These rocks have elevated arsenic, but the most-arsenic rich 
rocks (up to 1104 ppm), are dominated by talc and magnesite (MgCO3).  This indicates that the 
hypothesis that arsenic is primarily contained in serpentines is not wholly supported, as many samples 
containing elevated arsenic levels had negligible amounts of serpentine. It is likely that arsenic may 
also exist in the tetrahedral layer of talc, or perhaps in carbonate minerals. Samples are currently 
being analyzed by FTIR in hopes of helping to constrain As speciation. Further research will include 
development of reference standards and then quantitative analysis of mineralogical content, which 
will be compared to chemical data. Additional analyses may include high-resolution microprobe 
analyses to constrain the arsenic bearing phases. 
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Spatial Strategy Preference of Octopus bimaculoides in a T-maze Spatial Cognition 
Task

F. Alexa Warburton and Tom Root
Departments of Biology and Neuroscience, Middlebury College, Middlebury VT 05753

I researched the spatial cognition of the cephalopod Octopus bimaculoides in a discrimination 
task. Spatial learning is a rare for invertebrates but has been shown in the octopus’ relative, the 
cuttle• sh. Octopus bimaculoides was tested using a “T-maze,”  which aided in determining the spatial 
strategy preferentially used (right/left turn or visual cue). The maze had two dark chambers (goal 
compartments) • lled with sand and a terra cotta pot, which represented shelter - the positive stimulus. 
The negative stimulus included being unable to enter the dark chamber, being exposed to bright light 
bulbs and being prodded. Successful criterion was de• ned as a subject choosing the positive stimulus 
in 8 out of 10 trials. Each animal was then given a probe test in which visual cues were switched to 
determine if the octopus was preferentially using motor response or visual cues to spatially orient. 
The data thus far suggests that octopuses demonstrate a variety of spatial strategy preferences. 
Two animals used visual cues to spatial orient, three used motor response and two showed no 
preference. This study demonstrates that spatial preference varies from individual to individual and 
there is no overall trend for how this species orients. This is in contrast to the cuttle• sh which have 
different spatial strategy preferences based on age and sex, suggesting the varied strategies of spatial 
orientation in the cephalopods.

Web-Based Management of High-Resolution Seismic Pro• les

Molly West and Pat Manley
Department of Geology, Middlebury College, Middlebury VT 05753

The purpose of this project is to make a complete database of Lake Champlain’s sub-bottom pro• les 
available for public accessibility.  At this time the database consists of 672 CHIRP (Compressed High 
Intensity Radar Pulse) sonar re• ection pro• les that have been collected over the past six years.  This 
two-year project will result in producing a compilation of Lake Champlain’s sub-bottom pro• les, 
which will be available on the internet for public and research use.  
 Each seismic pro• le must go through various stages of post-processing, i.e. the seismic 
lines must be manipulated in order to be more clearly understood.  To do the post-processing, the 
• les are loaded into Sonar-Wiz Map; software produced by Chesapeake Technology.  Each • le is 
geographically located on the lake and then renamed to include the speci• c location with which it 
is associated.  To accurately display these • les they need to be bottom-tracked.  Bottom-tracking 
requires a manual process of placing points along the sediment-water interface of the seismic pro• le.  
By doing this, a de• ned border between the lake sediment and the water column is created which is 
necessary in order to continue with gaining the records.  As each pro• le was recorded with different 
gain settings, the seismic pro• les need to be altered in order that they all have the same amplitude 
applied to the sonar signal; this requires what is called gain control.  By increasing the gain of a 
particular • le, the shading of the bottom pro• le darkens, and reducing the gain of a particular • le 
lightens the pro• le. The ultimate objective is to have all seismic pro• les with similar gain. The • nal 
processing step is printing.   In order to do a • nal edit of the seismic pro• les’ recently manipulated 
forms, each • le needs to be printed out for careful examination.  Finally, the entire project will be 
published on the internet, and will be accessible by the public.  
 The public can use these pro• les for further research on Lake Champlain. Though not 
exclusive, some areas of research can include historical climatology of the region, • sh spawning 
grounds, and environmental impacts.  
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Scalar Field Oscillons in an Expanding Universe

Nate Woods, Catalina Mesias Rivera and Noah Graham
Department of Physics, Middlebury College, Middlebury VT 05753

Immediately after the Big Bang, the universe was hot, chaotic, and • lled with energetic, rapidly 
changing • elds—for example, electric and magnetic • elds, and an important but still theoretical • eld 
called the Higgs • eld.  The universe eventually expanded and cooled, losing energy to its expansion 
in the process, and left the • elds as we see them today.  It is likely, however, that the • elds were 
subjected to some unusual potential energies immediately after the Bang, which would have led to 
surprising, interesting non-linear solutions to their equations of motion.  One possible result of these 
nonlinearities is the presence of oscillons, stable, long-lived waving particles that do not disperse or 
spread out as time goes on.  Building on the work of previous Middlebury physics majors, we are 
creating computer models of scalar • elds in an expanding universe, coupling them to electromagnetic 
• elds, applying nonlinear potentials and random thermal initial conditions like those that may have 
been found in the real universe, and searching for oscillons.  If oscillons are found, it could suggest 
that the early universe was out of thermal equilibrium, a necessary condition for the formation of 
matter as we know it.  
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Understanding the Role of Rapport in Investigative Interviews: Associations between 
Nonverbal Behaviors and Retrieval Mnemonics in the Cognitive Interview

Nichole Wyndham, Matt D’Auria, Michelle McCauley and Adela Langrock
Department of Psychology, Middlebury College, Middlebury VT 05753

Rapport is crucial to conducting a successful interview; the more comfortable a child witness feels 
the more effort he is likely to expend answering questions.  Rapport has been associated with a 
variety of behaviors, including gaze aversion and engagement.  Rapport development may be 
particularly critical in Cognitive Interviews (CI) because the mnemonics used to facilitate recall 
require effortful retrieval.  The current project examines the relationship between rapport behaviors 
and recall as a product of different mnemonics in the CI in a sample of 29 children.  Analyses indicate 
that the different behaviors are expressed differently across the mnemonics and that the behaviors 
predict recall during free recall and that engagement level is the best predictor of recall for context 
reinstatement.
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