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CITY OF BOSTON ¢« MASSACHUSETTS

OFFICE OF THE MAYOR
THOMAS M. MENINO

April 11, 2009

Dear Friends:

On behalf of the City of Boston, I send you all a warm welcome as you gather for the
inaugural Boston Undergraduate Research Symposium.

Boston is proud to be the home of so many great colleges, universities, and research
institutions. Our city is known around the world for the groundbreaking research produced by
the faculty, students, and scientists who work and study here.

The theme of this symposium, “Bridging the Charles: Connecting Boston’s
Undergraduate Research Communities,” is not only symbolic, but also exceptionally pragmatic
and forward-thinking. This unprecedented experience will provide you with an important forum
for sharing today’s ideas and research; and it is also your first step to developing a professional
network that will benefit your work and the city of Boston well into the future.

This partnership across area colleges is yet another demonstration of the academic
leadership that makes the Boston area so unique. I am delighted that the undergraduate
community has taken the initiative to create this new, collaborative event, and I am committed to
supporting the young scientists and social theorists who are working to achieve a brighter future
for all of us.

[ wish you all a challenging, productive and successful conference!

_; Sincerely,

/ y Pt \\\ /\\ i
Thomas M. Menino =

Mayor of Boston

BOSTON CITY HALL  ONE CITY HALL PLAZA ¢ BOSTON ¢ MASSACHUSETTS 02201 * 617/635-4000
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HARVARD UNIVERSITY
Office of the Provost

Holyoke Center 880 £.617.495.9143
1350 Massachusetts Ave. £.617.495.7694
Cambridge, MA 02138

April 11, 2009

Dear BURS participants:

On behalf of Harvard University, it is my pleasure to welcome you to the inaugural Boston
Undergraduate Research Symposium (BURS). My colleagues and I are pleased that you are
with us today for this auspicious event celebrating the exciting and productive research
activities of undergraduates across the Boston region. I offer special thanks to the student
organizers of BURS for their tireless effort, not only in putting together the symposium and
compiling this Abstract Book, but also in reaching out to institutions across the Boston area to
join us.

You constitute the first generation of scientists to emerge in the 21% century, and this occasion to
collaborate and share your findings is inspiring. During BURS you will find posters and talks
that span disciplinary research broadly, from creative and thought-provoking projects in
discrete scientific areas to others that boldly cross disciplinary boundaries. I hope you take this
opportunity to begin building your own network of peers, staff, and faculty from all the
affiliated institutions, which no doubt you will find of value as you travel through
undergraduate life and subsequently pursue a vast range of professional trajectories.

Research, the combined acts of exploration, investigation, and discovery, is advanced
intellectually and practically through the kinds of conversations you will have today. I hope
you enjoy yourselves as you engage each others’ curiosities and findings. Congratulations and
best wishes for continued success in your academic and research endeavors!

Sincerely,

David Korm, M.D.
Vice Provost for Research
Harvard University




Harvard College Undergraduate Research Association
HCURA

Dear BURS Participants,

It is with great humility and happiness that we write this letter. The Boston Undergraduate Research Symposium has been
over two years in the making, and we are excited that it is finally taking place today. The story behind BURS mirrors the
story behind the Harvard College Undergraduate Research Association. Indeed, the idea to form HCURA arose at the
same time as that to hold a Boston-wide undergraduate research symposium. This is not surprising because both HCURA
and BURS fill the same niche of connecting undergraduate researchers and showcasing their work.

HCURA gained official status as a student organization in January 2007 and since then we have remained faithful to our
mission statement: To foster an undergraduate research community by (i) connecting students with research opportuni-
ties, (ii) promoting regular interactions between faculty and students through lively discussions and symposia, and (iii)
encouraging interdisciplinary exchange of ideas between students of different backgrounds. To this end, a few of HCURA’s
activities have included hosting monthly faculty talks, compiling and distributing an annual Guide to Summer Research
Opportunities, pairing underclassmen with veteran student researchers as part of the HCURA Advising Program, building
a website to connect student researchers looking for summer housing, and organizing the annual Harvard Undergraduate
Research Symposium, which is now in its fourth year. Even though we have dedicated ourselves to implementing these excit-
ing initiatives, HCURA has continued to view BURS as one of the most important ways of realizing our mission.

However, it is important to note that this is not HCURA’s symposium. This is your symposium. This is BC’s, BU’s, Emman-
uel’s, Harvard’s, MIT’s, Northeastern’s, Olin’s, and UMass Boston’s symposium. Though HCURA is the student organiza-
tion that envisioned and catalyzed BURS, you would not be holding this abstract book if it were not for the truly collabora-
tive efforts behind this symposium. Like HCURA, BURS was built upon ambitious ideas that would never have come to
fruition if not for the hard work of its dedicated staff and members.

Even though BURS is only one day, we hope that the spirit of this symposium does not end with it. We encourage you, as
our peers at other institutions, to form undergraduate research associations on your own campuses. These associations can
and have helped hundreds of incoming students find research labs, funding, and opportunities. With the new Adminis-
tration’s renewed interest in science and technology, as demonstrated by the increased funding allocated to research and
development, it is an exciting time to be an undergraduate researcher. There are many opportunities on the horizon, and we
hope to be there with you every step along the way. Looking forward, it is not inconceivable that many of us may choose to
reconvene, whether at future symposia, talks, or socials. As the day winds to a close, let us then keep in mind the connections
we have formed with our fellow students and hope to sustain the bridges we have built across our eight research communi-

ties.
Sincerely,
4% Conolicl.
Shiv Gaglani Lev Shaket Carol Suh
Founder and President President President
HCURA 07-08 HCURA 08-09 HCURA 09-Present
I
Student Organization Center at Hilles (SOCH), Box 374 www.hcura.org

59 Shepard Street, Cambridge, MA 02138 - www.hcs.harvard.edu/hurs






KEYNOTE SPEAKER

o Shi Rosnar Phalography

Dr. Robert Langer

Institute Professor, Massachusetts Institute of Technology

Robert S. Langer is one of 14 Institute Professors (the highest honor awarded to a faculty member)
at the Massachusetts Institute of Technology (MIT). Dr. Langer has written over 1,000 articles. He also
has more than 600 issued or pending patents worldwide. Dr. Langer’s patents have been licensed or subli-
censed to over 200 pharmaceutical, chemical, biotechnology and medical device companies. He is the most
cited engineer in history. Dr. Langer has received over 160 major awards including the 2006 United States
National Medal of Science; the Charles Stark Draper Prize, considered the equivalent of the Nobel Prize
for engineers and the 2008 Millenium Prize, the world’s largest technology prize. He is the also the only
engineer to receive the Gairdner Foundation International Award; 72 recipients of this award have subse-
quently received a Nobel Prize. In 1998, he received the Lemelson-MIT prize, the world’s largest prize for
invention for being “one of history’s most prolific inventors in medicine.” In 1989 Dr. Langer was elected to
the Institute of Medicine of the National Academy of Sciences, and in 1992 he was elected to both the Na-
tional Academy of Engineering and to the National Academy of Sciences. He is one of very few people ever
elected to all three United States National Academies and the youngest in history (at age 43) to ever receive
this distinction. He received his Bachelor’s Degree from Cornell University in 1970 and his Sc.D. from the
Massachusetts Institute of Technology in 1974, both in Chemical Engineering. (Courtesy of Langer Lab -
http://web.mit.edu/langerlab/langer.html)



KEYNOTE SPEAKER

Dr. Daniel Schrag

Professor of Environmental Science and Engineering, Harvard University

Professor Daniel Schrag studies climate and climate change over the broadest range of Earth’s history.
He has examined changes in ocean circulation over the last several decades, with particular attention to EI
Nino and the tropical Pacific. He has worked on theories for Pleistocene ice-age cycles including a better
determination of ocean temperatures during the Last Glacial Maximum, 20,000 years ago. Professor Schrag
also helped develop the Snowball Earth hypothesis, proposing that a series of global glaciations occurred
between 750 and 580 million years ago that may have led to the evolution of multicellular animals. Current-
ly he is working with economists and engineers on technological approaches to mitigating future climate
change. He has received a number of awards for his work, including the James B. Macelwane Medal from the
American Geophysical Union (2001), the MacArthur Fellowship (2000), and recognition by Technology
Review as one of the 100 young innovators of the 21st century. He received his Bachelor’s Degree in Geol-
ogy & Geophysics and Political Science from Yale University in 1988, and his Ph.D. in Geology from the
University of California-Berkeley in 1993. (Courtesy of Schrag Lab - http://www.eps.harvard.edu/people/
faculty/schrag/)



KEYNOTE SPEAKER

Dr. Bruce Walker
Professor of Medicine, Harvard Medical School

Dr. Bruce Walker is a Professor of Medicine at Harvard Medical School. He is internationally rec-
ognized for his efforts in finding new ways to fight human immunodeficiency virus (HIV). He has been
leading an international research effort to understand why certain people who are infected with HIV have
a greater inherent ability to fight the virus since 1988. It is hoped that this line of research will lead to a vac-
cine or new treatment. While working in Africa, he also realized the need to improve patient care in devel-
oping countries, so he has spearheaded the creation of advanced clinical and laboratory facilities in South
Africa - the front lines of the AIDS epidemic. In addition to being a Howard Hughes Medical Institute
investigator (HHMI), he directs the Partners AIDS Research Center at Massachusetts General Hospital,
which is a research, education, and training program that aims to enhance clinical care of HIV-infected
persons internationally and to develop new ways to fight HIV. Dr. Walker has been honored with many
prestigious awards, including the National Institutes of Health Merit Award, the Elizabeth Glaser Pediatrics
AIDS Foundation Commitment to Children Award, and the Doris Duke Distinguished Clinical Research
Scientist Award. He received his Bachelor’s Degree in Chemistry from University of Colorado-Boulder and
his MD from Case Western Reserve University. (Courtesy of HHMI - http://www.hhmi.org/research/
investigators/walkerbd_bio.html)



PLENARY SPEAKERS

Heather Carmichael is a senior at Harvard College fulfilling an honors degree in
Environmental Science and Public Policy. Her primary research interest is the interaction
between environmental quality and human health in the developing world, focusing on urban
areas of sub-Saharan Africa. She is also interested in incorporating high-quality data and
advanced analytical approaches to determine the most effective strategies for intervention
and sustainable development. She has done field research for the past two summers in Accra,
Ghana under the supervision of Professor Majid Ezzati of the Harvard School of Public
Health. She will be teaching in New Mexico for two years before pursuing a medical degree.

Sarah Gelman is currently a senior studying geoscience and planetary science at the
Massachusetts Institute of Technology. She is interested in a broad range of subjects, from
volcanology to structural geology to surface processes on solar system bodies. Her current
research interests focus on understanding the interior dynamics of Earth-like extrasolar
planets through the use of numerical modeling. In her future research, Sarah hopes to
continue to use numerics, but to combine those efforts with field studies to specifically look
at the interplay of geodynamics and geochemistry to try to understand some of Earth’s more
intricate igneous processes. Outside of research, Sarah has competed on MIT’s crew team
for three of her undergraduate years and also particularly enjoys 18th century English fiction.
Sarah is originally from Atlanta, Georgia where she graduated from The Weber School.

David House is a student of Computer Science at Boston University where he is a part of the
Image and Video Computing Research Group. He is the founding member of Boston
University’s chapter of the Association for Computing Machinery, and is an active and vocal
advocate for the open-source software movement. He conducts research in computer vision,
namely, the development of methods for the detection, segmentation, registration, and
tracking of microorganisms imaged in vitro. His microorganism analysis systems are currently
employed in migration studies at the Cellular and Subcellular Mechanics Laboratory at Boston
University for the purpose of modeling cell behaviors during the onset of certain types of heart

disease. He plans to enroll in a graduate program in computer vision upon graduation and
hopes to continue his research along the nexus where computer science and biology intersect.

Victoria Hsiao (2010) is currently a junior majoring in
Bioengineeringat Franklin W. Olin College of Engineering.
Doug Tischer (2009) attends Worchester Polytechnic
Institute, where he majors in Chemistry. He will be
attending graduate school next fall. Allen Lin (2011) is a
sophomore majoring in Chemical-Biological Engineering
and Electrical Engineering and Computer Science at
MIT.Both Victoria and Doug were Amgen Scholars last
summer at the California Institute of Technology, where
they were part of Caltech’s 2008 iGEM (International
Genetically  Engineering  Machine  Competition)
team, mentored by Prof. Christina Smolke. The team,

consisting of five undergraduates, also included Fei Chen
(2011, Caltech) and Robert Ovadia (2011, CCSF).
-6-



PLENARY SPEAKERS

Amy Qian is a sophomore in mechanical engineering at MIT. In September 2008 she joined
One Earth Designs (OED), a non-profitorganization thatleverages science, engineering, and
businesstodesignholisticand sustainablesolutions tocommunity-voiced problems. Herwork
with OED is the intersection between her interest in solar technologies and her passion for
mechanical design and fabrication. Amy plans to continue her development of SolSource and
herinvestigationofheatingsolutionsforrural Himalayancommunitiesthisupcomingsummer.

Scott Duke Kominers, Harvard 2009, studies mathematics, economics, and ethnomusicology.
He conducts research in a range of fields, including number theory, computational geometry,
market and mechanism design, economic theory, generalized matching, economic geography,
law and economics, and computational ethnomusicology. Recently, he has presented at the
AMS/MAA Joint Mathematics Meetings and at the Harvard SEAS Econ/CS Science Research
Workshop. He received the 2008 Robert Fletcher Rogers Prize and is a 2009 NDSEG
Fellowship selectee. Next year, he will begin doctoral studies in mathematical economics.

Monica Liu, a native of Southern California, is a freshman concentrating in Human
Developmental and Regenerative Biology at Harvard College. Since 2005, she has
worked in the laboratory of Dermatology Division Chief Michael S. Kolodney, M.D.,
Ph.D. at the Los Angeles Biomedical Institute at Harbor-UCLA Medical Center, where
she focuses on the development of molecular techniques to detect melanoma metastasis
and the characterization of signaling pathways implicated in melanoma cell metastasis.
She is co-author of a publication in The Journal of Investigative Dermatology (Nature
Publishing Group). At Harvard, she enjoys writing for The Crimson (Arts), and The
Harvard Science Review, serving as associate editor of The Harvard Undergraduate
Research Journal, dancing with The Asian American Dance Troupe, and playing piano.

Tamara is a native of Ann Arbor, Michigan of Iraqi descent. She is currently a senior at Harvard
University and submitted her undergraduate honors thesis on the origins of polarized sectarian
affiliations and conflict in post-2003 Iraq. In 2008, she interned at the UNHCR Branch Office in
Amman, Jordan in order to conduct field research and learn more about the condition of displaced
Iraqis. During her time at Harvard, Tamara has founded a non-profit called Rally for Iraq. RFI’s
missionisto createan endowmentfor Iraqistudents pursuing higher-level education. Heracademic
goals are to achieve a greater understanding of institution building in democratizing states.




FAcuLTY DISCUSSION TABLES

Prof. Adam J. Burgasser Ph.D. (MIT)

Dr. Burgasser is Assistant Professor at the Kavli Institute of Astrophysics and Space
Research. His work focuses on identifying the properties of the lowest mass stars and
brown dwarfs. He received his bachelors from UCSD and Ph.D. in physics from Caltech.

Prof. Mehmet Dokmeci Ph.D. (Northeastern)

Mehmet Dokmeci is an Assistant Professor in Electrical and Computer Engineering at
Northeastern University. His research interests include micro and nanofabrication and
their applications to biomedical and optical devices, hermetic and vacuum packaging,
humidity sensing and implantable biosensors. Prof. Dockmeci obtained his B.S. (with
distinction) and his M..S. degrees from the University of Minnesota, Minneapolis, and his
Ph.D. degree from the University of Michigan, Ann Arbor, all in electrical engineering.

Prof. Noam Elkies (Harvard University)

Winning the Putnam college mathematical competition at the age of 16, Professor Elkies
became one of the youngest Putnam Fellows in history. After graduating summa in
Mathematics and Music from Columbia University at the age of 18, Professor Elkies came
to Harvard to complete his PhD under the supervision of Benedict Gross and Barry Mazur.
One of his most significant achievements as a graduate student was disproving Euler’s

sum of powers conjecture for fourth powers, which won him considerable recognition
amongt the faculty. He later became an associate professor of mathematics and shortly after
was awarded tenure in 1990, becoming the youngest full professor in Harvard’s history.

Prof. Raymond Erikson (Harvard University)

As the John F. Drum American Cancer Society Professor of Molecular and Cellular
Biology at Harvard, Professor Erikson studies the role of reversible phosphorylation
in the regulation of cell proliferation. His lab investigates an enzyme called polo-like-
kinase, which is required for cell division and adds phosphate groups to substrates
at critical times during cell division. His findings have shown that the localization
of the polo-like-enzyme to specific sites in the cell is essential for cell division.

Prof. David Haig, Ph.D. (Harvard University)

Dr. David Haig is a George Putnam Professor of Biology in the department of
Organismic and Evolutionary Biology, as well as Curator of Invertebrates in the
Museum of Comparative Zoology. His research is largely theoretical and thus spans
a large breadth of topics ranging from the study of maternal-fetal conflict during
human pregnancy to the evolution of plant cycles. Born in Canberra, Austrailia,
Prof. Haig completed his undergraduate studies at Macquarie University in Sydney.
He obtained his Ph.D at Oxford University and entered Harvard University in 1992

-8-



FAcuLTY DISCUSSION TABLES

Prof. Kenneth Janes (Boston University)

Kenneth Janes is the director of undergraduate studies at Boston University and associate
chairman of the astronomy department. His research interests include observational
optical astronomy, galactic astronomy and stellar photometry, star clusters and planet
e searches. Prof. Janes obtained his bachelors from Harvard University, followed by his
T M masters from San Diego University and a MA, Mphil and Ph.D. from Yale University.

Dr. Quing Liu Ph.D. (Harvard University)

Dr. Qing Liu is on the Board of Tutors in Biochemical Sciences at Harvard
University. She works for the High Content Bioimaging Group of Sanofi-Aventis,
the world’s third largest pharmaceutical company. She is currently working
to develop an image-based assay for tumor angiogenesis as well as to identify
the target of Xaliproden, a proposed treatment for several neurodegenerative
conditions including amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease.

Gregory Llacer (Harvard University)

| Mr. Llacer is the Director of Postdoctoral Affairs at Harvard and is also the Director

of the Harvard College Program for Research in Science and Engineering (PRISE).
Y Before arriving at OCS in 2004, Mr. Llacer managed educational initiatives and academic
enrichment programs for the Harvard-MIT Division of Health Sciences and Technology
(HST) as institutional administrator. Prior to his work at HST, Mr. Llacer spent 16 years
on the staff of the Office of Graduate Studies and Research at the University of California,
San Diego, where he was the senior research analyst for the Vice Chancellor for Research.
Mr. Llacer’s undergraduate and master’s course work at UCSD and San Diego State

University specialized in the areas of cross-cultural education and language policy.

Prof. Richard Murray, Ph.D. (Boston University)

Richard W. Murray is a Professor of Earth Sciences and Director of the Boston
University of Marine Program (BUMP). His work focuses on understanding the
chemical signatures of various processes that determine the major and trace elements
presentinsedimentand sedimentary rocks. This will further the understanding of the
biogeochemistry of oceans. Prof. Murray completed hisbachelor’sdegree at Hamilton
College and then obtained his Ph.D. from University of California at Berkeley.

Prof Debra Peattie Ph.D., MBA (Harvard Univeresity)

With a PhD in Biochemistry and Molecular Biology from Harvard Universityand a MBA
from Harvard BusinessSchool,Dr.Peattieworksattheintersectionbetweenlifesciencesand
business.She co-founded ValeoMedicaland RCT BioVenturesNE. Additionally,shewasa
memberoftheteamthatraisedthefirstventurefundatMPM Capitalandafoundingscientist
of Vertex Pharmaceuticals. Currently, Dr. Peattie manages a consulting firm, Pleiades

Adpvisors, which she founded to work with early and mid-stage life science companies.

-9-
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ASTRONOMY AND ASTROPHYSICS

Daniella Bardalez Gaglinffi
MIT 2011

Astrophysics
daniella@mit.edu

Hubble Space Telescope Imaging and Spectral
Analysis of Brown Dwarf Multiples: Discovery

of a Brown Dwarf Triple System
The Burgasser laboratory, MIT Kavli Institute

for Astrophysics and Space Research
I present a detailed examination of the components of the 2MASS
J08503593+1057156 and 2MASS J17281150+3948593 multiple
brown dwarf systems based on resolved near-infrared photometry
from the Hubble Space Telescope (HST) and unresolved near-infrared
spectroscopy from IRTF/SpeX. To determine component spectral types,
spectra from other stellar and substellar objects of known spectral types
were used as templates and combined in pairs to match the spectra of the
binaries. The constraint for matching pairs was given by the difference
in relative magnitude between the components as measured with HST.
The results indicate that 2MASS 172843948 may be composed of
mid-type L and late-type L brown dwarf components while 2MASS
085041057, surprisingly, is likely to be a triple system with nearly
identical mid-type L components. The latter source joins a growing list
of compact, hierarchical, very low mass triple systems that may form
through fragmentation or dynamical processes in the carliest stages of
star formation.

Sarah Gelman
MIT 2009

Earth and Planetary Science
sgelman@mit.edu

Mantle Thermal Structure and Evolution

of Tidally-Locked Super-Earths
The Elkins-Tanton laboratory, MIT Earth,

Atmospheric, and Planetary Sciences
As of early 2009, over 340 extrasolar planets have been discovered, most
of which are massive (often many times the mass of Jupiter), orbiting
very close to their star, and therefore probably in tidal lock. However,
so far eleven of these exoplanets are less than 10 Earth masses, which
are of particular interest due to their potential for habitability. We
present a preliminary model of the internal temperature structure and
evolution of these tidally-locked ‘Super Earth’ exoplanets. The modeled
planets have a terrestrial, rocky composition, with a ‘hot’ side facing its
star at all times, and a ‘cold’ side facing away. Heat circulation through
an atmosphere is assumed to be negligible due to the planets’ proximity
to the star, which causes potential atmospheres to be evaporated.
Eccentricity and obliquity are assumed to be zero. The primary modes
of heat transfer withinthe planet are convection and conduction, with
stellar influx on the ‘hot’ side, and black-body radiation to space in
all directions. We modified the spherical axisymmetric finite element
code SSAXC (created to model the internal thermal evolution of
Earth’s mantle). The results give a thermal profile, with potentially
molten rock on one side and very cool rock on the other. A temperature
gradient connects the two extremes, and we are able to determine where
potentially habitable or completely molten regions might exist on the
planet. Finally, we use our results to begin to understand how convective
cells and plate tectonics might evolve under these interesting conditions.

Lauren Weiss
Harvard 2010

Astrophysics
weiss@fas.harvard.edn

Monitoring Spectral Variability of a Candidate

UXOR with Interference Filters
The Charbonneau laboratory, Maria Mitchell Observatory

We present the first results of interference filter monitoring of the
UXOR candidate V3798 Sgr. UXORs are Herbig AcBe stars exhibiting
deep irregular drops in continuum brightness, probably due to small cir-
cumstellar dust cloudlets occulting the star. Sparse spectral monitoring of
UXORs reveals an uncorrelated variability of their continuum and hydro-
gen emission lines (Rodgers B. et al. 2002), which suggests that the emis-
sion lines originate from a large circumstellar envelope whose emission is
unaffected by the smaller cloudlets responsible for the sporadic dimming.
Our method consists of comparing the fluxes in two 100 A wide interfer-
ence filters centered at 6563A (Hea) and 6450A (adjacent continuum).
Under the assumption that dust obscuration is responsible for star’s dim-
ming, this method enables the separation of the Ha emission line flux
from that of the photospheric continuum, and an investigation of the cor-
relation between them. We monitored V3798 Sgr closely in the summer
and fall of 2008. Despite the relative weakness of the He line in this star
and the resulting errors in the extracted values of the line emission flux,
our observations reveal a lack of correlation between the variations of the
He flux and the more pronounced variations of the continuum during
episodes of sporadic dimming. This, together with previously established
properties of the star (sporadic dimming; lack of periodicity; possible
“blueing” effect in the deep minima), supports its identification as a new
UXOR. We will also discuss possible intrinsic (i.e. not caused by the spo-
radic dust obscuration) variability of the star revealed in this monitoring.
This project was supported by the NSF/REU grant AST-0354056 and
the Nantucket Maria Mitchell Association.

-11-



CHEMISTRY AND BIOCHEMISTRY

Maryelise Cieslewicz
Massachusetts Institute of Technology 2010

Biochemistry
meciesle@mit.edu

Effective Strategy for Targeting Shed Cancer Antigen

The Wittrup laboratory, Koch Institute for Integrative Cancer Research

Carcinoembryonic antigen (CEA) is highly expressed on 50% of col-
orectal, stomach, liver, and pancreatic tumors making CEA a good target
for antibody mediated cancer therapy. However, CEA is also shed from
the cancer cells resulting in CEA specific antibodies binding soluble CEA
in the serum and inhibiting antibody binding at the tumor site. In 1994
PR1A3, a monoclonal antibody, was isolated from a CEA immunized
mouse, and characterization experiments reported that PR1A3 binds to
membrane bound but not shed antigen. Published research demonstrates
that radiolabeled PR1A3 is effective in tumor imaging. We present char-
acterization of the binding of hPR1A3 to membrane bound and soluble
CEA. hPR1A3 IgG demonstrates specific binding to the CEA-express-
ing LS174T cancer cells. However this binding is blocked by incubation
with high concentration of both tumor purified CEA as well as recom-
binant soluble CEA, indicating that hPR1A3 binds soluble CEA with
weak affinity. Published work cites a conformational change in soluble
CEA that hides the PR1A3 epitope as the reason for PR1A3’s specificity
for cell-bound over shed CEA. However, our data indicates that PR1A3
is a low affinity binder to CEA in all forms, relying on avidity to bind
with high apparent affinity to the cell-bound CEA. Low affinity binders
to shed antigens permit high apparent binding at the site of the tumor
due to avidity affects and weak monovalent binding in serum. Our data
presented here and the targeting effectiveness of PR1A3 demonstrated by
imaging experiments suggest the engineering of weak binders as an effec-
tive strategy for targeting shed antigens.

Vijay Jain
Harvard University 2011

Chemistry and Biochemistry
vjiain@fas.harvard.edn

High Performance Liquid Chromatography
Separations of Biological Molecules Using
Microfluidic Chips Packed with Silica

Particles and Porous Polymer Monoliths
The Svec laboratory, The Molecular Foundry,
Lawrence Berkeley National Laboratory

Micro biological technologies today require direct injection of an ana-
lyte, fast mass transfer, and real-time detection integrated into a single
device. Poly(styrene-co-divinylbenzene) monoliths were prepared in
situ in microfluidic polyimide HPLC chips and used as the stationary
phases for HPLC separation. The chips, featuring a 200 pm by 200 pm
cross-section, enable the minimizing of dead volumes and band broaden-
ing. Rapid baseline separations of proteins, peptides, and protein digests
were achieved with the monolithic stationary phases. Compared to chips
packed with porous shell silica particles, the monolith affords better for
larger molecules. These microfluidic chips can be used in proteomic anal-
yses and can thereafter be adapted for biosecurity devices.

Nathan Nakatsuka
Harvard College 2012

Chemistry and Biochemistry
08nanaka@gmail.com

Proteolytic Removal of Tandem Affinity Tags

for Absolute Protein Quantification
The Martin laboratory, Institute for Systems Biology

The Prostate Specific Antigen (PSA) test employs ELISA to quantify
PSA and is commonly used to assess a male’s risk for prostate cancer.
Early detection can improve outcomes if interventions are available. Un-
fortunately, the antibodies needed for ELISA are expensive and time-con-
suming to produce. Novel methods for absolute protein quantification
will undoubtedly create countless new diagnostics as biomarkers can be
more effectively analyzed. Here we introduce a mass spectrometry-based
method utilizing Stable-Isotope Labeling by Amino Acids in Cell Culture
(SILAC), a way to create heavy protein standards by metabolically incor-
porating heavy amino acids into proteins produced by auxotrophic yeast.
Protein construct plasmids were transfected into S. cerevisiae. The yeast
were grown in CSM-Leu-Ura, induced, and lysed. The protein constructs
were purified with tandem affinity tags, precipitated with trichloro acetic
acid and digested with Tobacco Etch Virus (TEV) to cleave off the tags.
Constructs with PSA and QCAT, a concatemeter of tryptic peptides spe-
cific for several proteins of interest, were successfully expressed and puri-
fied. The tandem affinity tags were successfully cleaved to achieve both
the same size and isoelectric point (pI) as the endogenous protein. 2-D gel
electrophoresis will further purify the heavy standards, which will then
be quantified with BCA assay, “spiked” into cell lines expressing the de-
sired endogenous protein, processed, and analyzed by Multiple Reaction
Monitoring Mass Spectrometer to quantify the endogenous protein. A
robust absolute protein quantification method is the first step in a systems
biology approach toward truly elucidating the role of proteins in disease

processes.
Jarrett Remsberg Chemistry and Biochemistry
MIT 2011 remsberg@mit.edn

Synthetic analogs of Smoothened intracellular
loop, as rationally designed nanomolar
inhibitors of Hedgehog pathway

The Tarasova laboratory, National Cancer Institute

Smoothened (SMO) is a critical component of Hedgehog (HH) path-
way that is essential for stem cell renewal and is dysregulated in many
cancer types. SMO is a seven transmembrane domain protein with three
intracellular loops. We have shown that synthetic analogs of the intra-
cellular loops are potent inhibitors of the HH pathway and cancer cell
growth (J. Med. Chem, 50: 4534, 2007). Targeted libraries of second
loop derivatives helped to identify the region of the loop critical for activ-
ity. Corresponding compounds inhibited the growth of melanoma cells
in vitro with GI50 in nanomolar range. The most potent of antagonists
obtained is the palmitoyl derivative of the N-terminal half of the loop.
It is ten residues long and has GI5S0 = 60 nM. Remarkably, retro-inverso
versions of the peptide are even more potent and have GI50 in subnano-
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molar range. Structure-activity studies have revealed that lipidation along
with Ser8 and Lys10 are critical for maintaining antiproliferative activity.
Circular dichroism (CD) studies proved that the palmitylation facilitates
folding of otherwise unfolded peptides both in aqueous solutions and in
the presence of membrane-mimicking lipid micelles. CD spectra suggest
that retro-inverso peptide secondary structure is not identical to that of
parent all-L peptide, which may contribute to differences in activity. The
new compounds are promising drug candidates and present convenient
tools for solving the mechanisms of HH signaling downstream of SMO
that are currently poorly understood.

Mariama Runcie
Undergraduate 2012

Chemistry and Biochemistry
meruncie@gmail.com

Free Radical Scavengers Arrest Yeast
Cells Prior to DNA Replication

The Kristjansdottir laboratory, Stephen Kron Laboratory
Center for Molecular Oncology University of Chicago

Reactive oxygen species (ROS) are free radicals that are byproducts
from redox reactions. Although excessive amounts of free radicals can
damage DNA, free radical production in the body is a normal and essen-
tial component of cellular metabolism. Recently, Dowdy and colleagues
reported that human cells treated with a radical scavenger, Tempol, arrest
prior to DNA replication. Additionally, preliminary studies indicated
that yeast cells may also be affected in a similar way. Indeed, when we
treated yeast cells with Tempol they arrested prior to DNA replication in
4 hours and resumed the cell cycle within one hour of removing Tempol.
In order to determine if the arrest was caused by a lack of radicals, we
added reagents that produce radicals to the arrested yeast and observed
their effect on the arrest. Our preliminary results indicate that addition of
Pyrogallol and Paraquat to Tempol arrested yeast slightly improved recov-
ery from arrest. Based on these results, we propose that there is a sensor
in yeast that detects the amount of radicals present. When the cell senses
low amounts of radicals it receives a signal to arrest, and therefore does
not replicate its DNA. We have identified several candidates that could
be involved in sensing of radicals such as ribonuclease reductase (RNR),
superoxide dismutase, and mitochondrial oxidative phosphorylation. We
are in the process of examining the effect of Tempol on mutant strains of
yeast lacking the possible radical sensor. Our results show that free radical
scavengers arrest yeast prior to DNA replication in a reversible manner.

Elizabeth Ryznar
Harvard College 2010

Chemistry and Biochemistry
eryznar@fas.harvard.edun

Discovery of New Antibiotics in

Photorhabdus Luminescens
The Clardy laboratory, Harvard Medical School, BCMP Department

Recently, the discovery of new antibiotic compounds has tapered,
despite new advances in combinatorial chemistry and high-throughput
screening. At the same time, antibiotic resistance has increased, thereby
making the discovery of new antibiotic compounds all the more crucial.
Genomic sequencing of bacteria and fungi—traditional sources of new
small molecules—has revealed the presence of many putative natural
product gene clusters whose products have not yet been discovered, indi-
cating a still untapped source of potential antibiotics even in well-studied
microorganisms. Photorhabdus luminescens, a worm endosymbiont and
insect parasite, is one such bacterium and the focus of our studies. A two-

pronged approach was taken to uncover novel antibiotics produced by
this organism. The first involves creating a P. luminescens gene library in
Escherichia coli and screening those clones for antibiotic activity. The sec-
ond involves culturing P. luminescens under a variety of conditions and
analyzing UV spectra of the extracts on a Liquid Chromatography-Mass
Spectrometer. The genomic approach yielded one potential active clone
out of 4200. The second approach yielded three potentially novel com-
pounds produced under iron-rich or iron-limiting conditions. Further
structural determination remains to be performed on these compounds
before any definitive conclusions may be drawn.

Peyton Shieh
Harvard University 2010

Chemistry and Biochemistry
shiehpey@fas.harvard.edn

Studies toward the synthesis of phorbol.
The Evans laboratory, Department of Chemistry and Chemical Biology

Phorbol is a tetracyclic diterpene and a potent protein kinase C (PKC)
agonist. Its fused 5-7-6-3 ring system and its array of stereogenic centers
make phorbol both architectually interesting and synthetically challeng-
ing. In our synthetic strategy to phorbol, we opted to use two transan-
nular aldol reactions from a macrocyclic intermediate to construct the
5-7-6 ring system of phorbol. This macrocycle was prepared in a conver-
gent fashion from two linear precursors. Our synthetic efforts towards
the synthesis of phorbol, including the outcomes of the key transannular
reactions, will be presented.

Ye Tao
Harvard University 2009

Chemistry and Biochemistry
yetao@fas.harvard.edn

Multiple stabilizing interactions in asymmetric

strong acid/urea co-catalysis
The Jacobsen laboratory, Department of
Chemistry and Chemical Biology

Catalytic, asymmetric transformations using super Bronsted acids
hold great promise for green synthetic chemistry, expanding the scope
Our
laboratory has recently identified a highly enantioselective cycloaddi-

of organocatalysis and decreasing the need for transition metals.

tion reaction that is catalyzed by an achiral Brensted acid together with
a bifunctional, urea-derived chiral co-catalyst. The mechanism of this
asymmetric Povarov reaction between substituted benzylideneanilines
and different nucleophiles was studied using a combination of experi-
mental and computational techniques. A range of NMR experiments
and kinetic analyses is consistent with strong and specific binding of the
sulfinamide chiral urea to the activated iminium sulfonate salt to form a
urea-acid-imine eletrophile ternary complex. Notably, density functional
theory calculations, supported by NMR data, reveal a novel sulfinamide-
aldimine proton hydrogen bond among the five hydrogen bonds that
impart stability and organization to the ternary complexes. Computa-
tions, kinetic isotope competition experiments, and theoretical analysis
of product ee-dr relationships revealed the existence of multiple stable
urea-acid-imine hydrogen-bonded complexes. Rate-determining and
concerted [4+2] cycloaddition to one of these results in enantioselective
and diastereoselective product formation. Mechanistic understanding
gleaned from the reaction led to its rational optimization and the design
of new asymmetric reactions. The methodology was further applied to
the enantioselective total synthesis of the natural product (+)-Martinel-
line and its analogues.
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Computer Science

ellen.chisa@gmail.com

Genetic Algorithms to enhance

Constrained Designer Creativity
The Kelly laboratory, Optimal Design Laboratory

Though creativity is often regarded as the pursuit of new ideas, con-
strained creativity is also possible. This creativity occurs when one tries
to locate as much variety within a given, parameterized, design space.
Genetic algorithms have been proposed as a tool to enhance constrained
creativity for designers. Constrained creativity can be defined as locating
as much variety as possible within a space while still obtaining valuable re-
sults, close to an expected value. The use of a genetic algorithm allows for
a an exploration of the design space very similar to an approach a human
researcher might take. The parent generation is seeded through selecting
the most fit individuals defined by a Euclidean distance for four different
samples, and taking the top four in each sample generation to combine
and form the parent generation. From this parent generation, a divergent
genetic algorithm is used to explore as much of the design space as pos-
sible. Combining this divergence with mutation and crossing over leads
to a wide sampling of the space. The algorithm may find local optima’s
that would not be instinctive to a human designer, or would typically be
ignored. This divergence is key for enhancing the values available in the
generations. Once all of these possible values are found, convergent algo-
rithms and used to locate the more precise locations of the various local
maxima. These values can all possibly be locations for viable designs. Ge-
netic algorithms show promise for improving constrained creativity with
small numbers of variables, few generations, and quick results.

David House
Boston University 2010

Computer Science

house@bu.edu

Image Analysis of Microorganisms: Developing
a System for the Detection, Segmentation, and

Tracking of Cells and Cell Populations
The Betke laboratory, Image & Video Computing
Group, Boston University

Biomedical engineers typically capture large swaths of time-lapse mi-
croscopy images during the course of cellular research. Measurements of
cell characteristics and observations about migrational behavior are drawn
directly from the visual analysis of these images. At the Cellular and Sub-
cellular Mechanics Laboratory (CSML) of Boston University, studies
in cell migration are dependent upon the rapid visual analysis of images
collected via phase-contrast microscopy. Researchers have traditionally
analyzed cells within these images manually; however, the associated cost
and time expenditures make this manual approach unfeasible for suffi-
ciently large data sets. Measurement accuracy is likewise affected by the
subjective nature of manual visual analysis, which requires researchers to
hand-mark cell trajectories -- often resulting in imprecise or conflicting
evaluations of cellular behavior.

-14-

We address the issues associated with manual visual analysis by in-
troducing an automated approach for tracking and analyzing migrating
cells. Our automated approach alleviates the burden of extensive visual
data processing, allowing researchers to quickly interpret the character-
istics and behaviors of cells within an imaged population. Our method
also precludes human subjectivity from affecting cellular analysis, ensur-
ing that quantitative measurements of cell characteristics and qualitative
judgements of migrational behavior are consistent across all data sets. By
applying computer vision techniques to the biomedical field we realize a
robust, reliable, and high-throughput system that supersedes human ac-
curacy in analyzing and modeling the interactions of thousands of cells

at a time.
Sara Itani Computer Science
Massachusetts Institute of Technology 2012 itani@mit.edu

Automatic Deployment of Autonomous Cars

in a Robotic Urban-Like Environment
The Belta laboratory, Boston University

Unmanned autonomous robots can be utilized for numerous appli-
cations, including rescue operations, space explorations and patrolling
police cars. However, it is often difficult to plan and control a group of
robots and navigate them around obstacles found in a city-like environ-
ment using comprehensible commands resembling our natural language.
Our research focuses on reducing a complex set of specifications, given in
a natural language, into a control strategy that automatically and simul-
tancously deploys robotic cars in an urban-like environment. The “city”
consists of a platform with roads, buildings, intersections, traffic lights,
parking garages, and overhead cameras that generate a topological map.
The “cars” are Khepera miniature robots with built-in sensors and Wi-Fi
cards that allow it to interact with the environment. The robot’s motion
and sensing capabilities, as well as the environment’s topology are mod-
eled by a state transition system. When combined, our system reveals all
acceptable actions for the robot, while avoiding collisions and obeying all
traffic laws. The user provides robots with rich specifications using natu-
ral language, such as “survey road 1 and road 9 infinitely often (always).
If road 8 is ever visited, then road 3 must never be reached.” From that,
control strategies are generated using tools resembling model-checking.
The research also includes synchronization between robots, allowing the
user to provide specifications for multiple robots, such as “Park in two ad-
jacent parking spots at the same time,” in which case a coordinated control
strategy for both robots is generated. This research will not only have im-
plications in the coordinated autonomous deployment of robots, but also
in the wider use of robotic vehicles in a non-technical environment where
natural language is optimal. In future work, we plan to accommodate a
changing and an unexpected failure/malfunction in the environment.
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Olga Zverovich Computer Science
Harvard University 2010 ozverov@fas.harvard.edu

Partial Assignments for Boolean Polynomials
Independent Research

The Satisfiability Problem, or simply SAT, is the central problem in
complexity theory. Traditionally it is considered for conjunctive normal
forms. In the case of disjunctive normal forms, the problem is trivial, but
the twin problem - unsatisfiability or tautology - is interesting. Both prob-
lems make sense for all types of formulas. Here we consider Boolean poly-
nomials P(x_1,x_2,...,x_n)=T_1+T_2+..+ T_m, where each term
is the product of some variables from {x_1, x_2, ..., x_n} and + denotes
mod 2 addition. Due to uniqueness of Boolean polynomials, both satisfi-
ability and unsatisfiability problems are simple. We introduce their gen-
eralizations - the Partial True Assignment Problem and the Partial False
Assignment Problem for polynomials. In fact, we continue our previous
research on the Minimum Assignment Problem for CNFs, a generaliza-
tion of the Satisfiability Problem. ('That research was conducted for the
2005-2006 Intel Science Talent Search Competition and promoted to
the semifinalist level.) We prove that the both problems are NP-complete
even for special quadratic polynomials, polynomials of degree at most
two. However, the problems are easy for linear polynomials, polynomials
of degree at most one. Comparing the two mentioned results, we see that
it is interesting to investigate an intermediate class of bilinear polynomi-
als. They are quadratic polynomials that can be represented as product of
two linear polynomials. Our main result is that both the Partial True As-
signment Problem and the Partial False Assignment Problem for bilinear
polynomials can be solved efficiently. An unexpected fact is that the two
problems are not similar within bilinear polynomials. It means that the al-
gorithm for the Partial False Assignment Problem contained in the proof
of Theorem 2 is more complicated than that of for the Partial True As-
signment Problem. As a byproduct, we solve the recognition problem for
bilinear polynomials, and we describe all possible bilinear representations
of an arbitrary quadratic polynomial. Another feature of the report is that
we give solutions to the search versions of the decision problems. The dif-
ference is essential: we answer on an existential question in a constructive
way, that is we produce a solution rather than “yes” answer. Moreover,
the algorithms for the Minimum True/False Assignment Problems for bi-
linear Boolean polynomials efficiently recognize correctness of the input
polynomial. Finally, the report is self-contained, and all new results are
given with detailed proofs.
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Response of Ant Communities to Increased Visitation

and Development on the Boston Harbor Islands
The Farrell laboratory, Harvard Museum of Comparative
Zoology Entomology Department

The Boston Harbor Islands National Recreation Area is a collection of
34 islands and peninsulas located offshore of downtown Boston. Con-
ditions on the islands vary greatly: in visitation (dozens to thousands of
visitors a year), habitat (coastal planes to forests to tidal flats), and level
of development (essentially undeveloped to visitor centers to industrial
facilities). As such, they offer a great opportunity for examining “natural
experiments” in how human land use affects conservation on different is-
land habitats. Over the past three semesters, ant samples from the islands
were identified and entered into a Geographic Information System for
statistical analysis. Samples were obtained from old collections at the Mu-
seum of Comparative Zoology, four years of collections from the Boston
Harbor Islands All Taxa Biodiversity Inventory (an ongoing collaborative
effort between Harvard and the National Park Service), and field research
conducted during the summer. The species richness for each island was
then recorded and normalized. Using a power-based species-area model
to adjust for island size, “expected” species richness was calculated for
each island. While the model values were within 10% of actual species
richness for most islands, it greatly under predicted that of the least devel-
oped islands by as much as a factor of twenty. Specific variations between
diverse and marginalized islands are finally discussed. Visitation and de-
velopment data from the National Park Service will be compared with
species richness in an effort to pinpoint management strategies that aid
diversity on the islands. Ultimately, this data will be used to build conser-
vation plans that best fit the needs of individual islands in the system.

Samantha Coben
MIT 2011

Earth and Planetary Science
esco@mit.edu

Wetland Construction for Carbon and Nutrient

Sequestration Through Biomass
The Delong laboratory, Parsons Laboratory

Geoengineering is the intended manipulation of Earth systems in or-
der to counteract and permanently alter certain ecological effects due
to anthropogenic forces, such as global warming or eutrophication—
which is the destruction of hydrological systems due to excess levels of
nutrients and depletion of oxygen. Artificially constructed marshes when
fed with anthropogenically altered water, such as storm drain runoff,
highway runoff; agriculture runoff; or secondary treated human wastes,
can withdraw large amounts of nutrients and pollutants from the water
system by fixation of these elements into biomass, and can also capture
carbon dioxide from the atmosphere through photosynthesis leading to
increased levels of vegetative growth. Earth is composed of a variety of
complex, interconnected ecosystems that scientists have tried to analyze
and understand, but the reality of mankind’s absolute knowledge of the
Earth is extremely limited. The only way geoengineering schemes should
be implemented is by thorough research that analyzes a diverse set of ex-
periments. In order to test whether artificially constructed wetlands using
polluted waters would work, tests must be conducted on biomass makeup
to determine the removal of nutrients, pollutants, and heavy metals in the

hydrological systems. The content of carbon in biomass, and the removal
of nitrogen, nitrogen oxides, phosphorous, lead, zinc, cadmium, copper,
chromium, platinum, vanadium, molybdenum, palladium and nickel in
marshes should be measured to test the efficacy of marshes as a solution
to global warming and eutrophication. Side effects must also be assessed,
such as methane emissions and alteration of animal and plant communi-
ties. Once these tests have been conducted over a significant period of
time, it can be determined wetlands, when implemented on a worldwide
scale, have the potential to offset 22 gigatons of carbon dioxide emitted
through anthropogenic fossil fuels a year, preventing global warming, as
well as counteracting eutrophication.

Caitlin Curtis Earth and Environmental Science

Boston University 2009 deurt@gmail.com
Margaret Sneeringer Earth and Environmental Science

Boston University 2009 msneeringer@gmail.com

Technology and Archaeology: Exploring Landscapes in
Western Turkey
The Luke laboratory, Central Lydia Archacological Survey

Since 2005, the Central Lydia Archacological Survey (CLAS) has
worked around the Gygaean Lake in Western Turkey. This project repre-
sents a collaborative effort to link two spheres of archacological research:
discovering past landscapes and preserving the present landscape for fu-
ture generations. The survey area encompasses approximately 350 square
kilometers and includes Bin Tepe, Turkey’s largest burial ground, in addi-
tion to a wealth of ancient fortified settlements. Other than the expansive
central lake, the area also includes the Gediz River to the south, agricul-
tural fields, and rolling hills with interspersed villages, all surrounded by
mountainous terrain. This variety of features has shaped human use of
the landscape, and that landscape has equally been shaped by people over
time and through today. CLAS uses a range of state-of-the-art technology
to access and manage the remote human past, including satellite imagery,
ground-based GPS, and Geographic Information Systems (GIS) software.
GIS is used to create a predictive model for site location based on known
sites and their relationships with each other. This will guide future survey,
especially during the CLAS 2009 summer field season. Also central is the
recent history of the landscape, including threats to the burial mounds of
Bin Tepe due to illicit looting as well as urban and agricultural expansion.
Focus has been on recent satellite imagery and past aerial photos of the
landscape to monitor its changes over time. GIS software is used to assist
in the development of a sustainable plan for the protection of archaco-
logical and ecological zones.
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First season soil conditions at the Boston

Area Climate Experiment
The Dukes laboratory, University of Massachusetts, Boston

The Boston Area Climate Experiment (BACE) was constructed to in-
vestigate the effects of climate change on an old-field ecosystem. Previ-
ous experimental climate change studies have focused on precipitation or
heat effects, but rarely both, and heating studies have almost always had
a single pair of heat levels to compare. The BACE includes four levels of
heating combined with three levels of precipitation, enabling the testing
of the hypothesis that ecosystem responses to heat and precipitation are
not linear, and that precipitation particularly has a strong effect on these
responses. Precipitation treatments were achieved using partial rainout
shelters that collect half of the precipitation over the drought treatments
and immediately deliver it to a sprinkler system over the wet treatments.
Infrared heaters controlled by an infrared radiometer feedback system de-
livered the heat treatment. These precipitation and warming treatments
both affected soil moisture, with much drier soils in drought plots and
somewhat drier soils in heated plots. Soil temperature was also affected,
with warmer soils in warmed plots, and a warming effect felt at least 10
cm down during the growing season. In winter this trend was reversed
and the heated plots had cooler soils than the unheated plots, due most
likely to the melting away of their insulating layer of snow. The environ-
mental variables of soil moisture and soil temperature are fundamental
components of the ecosystem’s response to the imposed treatments, and
are relevant to the more complex responses of soil microbes and plants.

Marine Science

rdf@bu.edu

Raphael Fennimore
Boston University 2009

Sand Lance Trophic Ecology in the Stellwagen

Bank National Marine Sanctuary
The Kaufman Laboratory, Boston University

Ammodytes dubius, or the Northern Sand Lance, is a small, slender,
schooling bottom-fish which, though not highly commercially impor-
tan, is an integral piece of the Gulf of Maine marine food web. As food
for many types of birds, whales, fish, dolphins, and other marine organ-
isms, A. dubius plays an integral role in regulating the ecosystem’s compo-
sition through bottom-up control mechanisms. Through these processes,
sand lance population fluctuations are fully able to, and often do, alter the
structure of the entire Gulf of Maine food web. In order to try to deter-
mine the feeding ecology of sand lance on Stellwagen Bank, stable isotope
and stomach content analyses were run on fish collected in 2006, 2007
and 2008. Stomach content analyses for these samples were inconclusive;
it appears that the fish collected had not been recently foraging, and thus
stomach contents were well-digested and unrecognizable. Stable isotope
analyses, however, revealed several interesting trends. From 2006 to 2008,
fish steadily increased in size, and a direct relationship between their size
and 813C values became apparent. Per bioaccumulation, fish which are
feeding on a higher trophic level have less negative 813C values. Results
of 813C in relation to length show that larger fish are feeding on a higher
trophic level than their smaller counterparts. My conclusion from this
result is that sand lance are feeding on zooplankton opportunistically;
smaller fish are physically limited by mouth size, and thus prevented from
takingadvantage of the more diverse, trophically advanced prey consumed
by the larger fish. Through understanding this intraspecific trophic diver-
sity, many ecosystem services such as commercial fishing, whale watching
and even bird watching could perhaps be bettered in efficiency, produc-
tivity and environmental awareness.

Anastasia Roda
Harvard 2012

Earth and Planetary Science
aroda@fas.harvard.edu

The impact of a boiling water nuclear reactor on
the water quality and the benthic, plankton,
biofouling and microbial communities in the

reactor’s intake and discharge crecks
The Kittappa laboratory

New Jersey’s Oyster Creck Nuclear Generating Station, the nation’s
oldest operating commercial nuclear power plant, pulls water from Barne-
gat Bay through an intake creek into the reactor and releases heated water
into a discharge creck. During the summer and fall of 2006 and 2007,
research was conducted to study the reactor’s effect on benthic, plank-
ton, biofouling and microbial communities and on water quality in the
reactor’s intake and discharge creeks, compared to a nearby control creck.
The temperature of the water in the discharge creck is consistently many
degrees higher than either the intake or the control creck. The pH and
turbidity of the water in the intake and discharge creek is significantly
higher than that of the control creek. The velocity of the water both re-
actor creeks is several times faster than the control creek, and the intake
creck flows opposite to its original flow. The number of bacteria in the
discharge creek correlates to distance from the plant: there are very few
bacteria at the head of that creek, but many more in the other discharge
creek sites than in the other two creeks. The plankton in both the intake
and discharge creck were far less abundant than in the control creck. The
benthic community was less abundant and less diverse in the discharge
creek, but far more abundant and diverse in the intake creek. The biofoul-
ing community was less diverse in the discharge creck, and the mouth of
the intake creek was completely different from all other sites studied. The
ecosystem at the mouth of the intake creek has been changed so much
that it now appears more similar to the environment of Barnegat Bay.

Benjamin Salinas
Olin College of Engineering 2010

Engineering and Bioengineering
benjamin.salinas@students.olin.edu

Life Cycle Assessment of Coffee Production
The Linder laboratory, Sustainable Design Lab

A Life Cycle Assessment(LCA) was performed of green coffee produc-
tion at Finca Vista Hermosa, a sustainable minded farm in Guatemala.
The analysis of these results, generated using the Eco-Indicator 99 LCA
tool, showed that the majority of the impact in production of coffee oc-
curred during transportation. When compared to the impact due to other
coffee processes such as roasting and brewing coffee as espresso, it was
determined that the farming of coffee is a small percentage of the overall
impact. Recommendations were then made about how the overall impact
could be reduced in the various stages of production and consumption.
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WatMap — Worldwide Water Quality and

Treatment Mapping for Citizen Science
The Murcott laboratory, Department of Civil

Environmental Engineering / Computer Science
scot@mit.edu

and Environmental Enginecring

The methods to measure and map global drinking water quality have,
until now, required technical training and sophisticated infrastructure,
which millions lack. WatMap is a new, potentially revolutionary tool
built on open source technologies. Leveraging GIS technologies coupled
with data visualization and user-entered field data, it presents site-specific
global water quality and treatment information while allowing users to
input new data. It is a fast and comprehensive visual tool for distinguish-
ing between safe and contaminated drinking water. WatMap combines a
web interface, cell phone platform, and innovations in simple, state-of-
the-art water quality field testing (i.e. the “WatMap Portable Water Qual-
ity Lab” with 3M™ Petrifilm™, the Colilert Defined Substrate Technology
(DST®) test, turbidity tube and waist-belt body heat incubator). WatMap
data collection, input and display has engaged public health, science, en-
gineering and medical students who have conducted water quality tests,
taken photos and provided background on water supplies and treatment
at site-specific locations from every continent. Just as John Snow revo-
lutionized public health by his brilliant epidemiological mapping of the
1854 London cholera epidemic, WatMap has the potential to change the
paradigm of how professionals and citizens communicate and respond
to drinking water safety. Major results include the ability to identify safe
drinking water at an individual and community level, to plot drinking
water treatment solutions, to connect with others concerned about water
quality, and to monitor vulnerable populations in order to provide safe
water for all.

Samantha Gifford
BU student 2011

Earth and Planetary Science
sgifford@bu.edu

Using Nitrogen and Carbon Isotopes to Compare
Wild and Captive Penguin Colonies

The Fulweiler laboratory, BU stable isotope lab, new england aquarium

The New England Aquarium (NEAq) penguin exhibit contains three
different species of penguins: Rockhopper (Eudyptes chrysocome chryso-
come, Eudyptes chrysocome filholi), African (Spheniscus demersus), and
Little Blue (Eudyptula minor). Between them, variations in natural habi-
tat and diet exist. However, at the NEAq all species are combined into a
single habitat and fed a slightly altered diet of smelt and capelin. We have
collected samples of food, molting feathers, and guano for N and C isoto-
pic analysis since the fall of 2008. These data will be compared to isotopic
literature values of N and C from penguins in their natural environment.
Such a comparison will help us to understand how closely the NEAq
aquarium mimics the natural environment and how captivity affects the
penguin colonies. In addition, these NEAq samples will be compared to
natural samples from two Adélie penguin colonies in the Antarctic. The
first colony is located next to Palmer station (an NSF funded laboratory
with continual occupants) and the second colony is located on Peterman
Island, a non-anthropogenically impacted site some miles away. The iso-
topic analysis should allow us to distinguish between the site impacted by
human nitrogen and the site from a more pristine environment.

Amy Qian
MIT 2011

Sustainable Development
amyqian@mit.edu

Solar Cooking, Heating, and Electricity

in the Rural Himalayas
The Wilson laboratory, MIT Department of Mechanical Engineering

The rural population of the Himalayan region relies heavily on dungand
wood for fuel. Problems surrounding the collection of these fuels include
gender inequality, the transmission of pathogens, income depression, en-
vironmental degradation, and land conflict. Problems surrounding the
combustion of these fuels include high levels of indoor air pollution and
greenhouse gas emissions. Residents of our six partner villages in the east-
ern Himalayas have asked for improved energy options to address these
problems. In response, we have designed the SolSource, a 3-in-1 solar
device that harnesses the sun’s energy for portable cooking, heating, and
low-cost thermoelectricity generation. The SolSource, recipient of the
Yunus Innovation Award for indoor air pollution mitigation, the MIT
IDEAS 2008 Competition for innovative design, and the Clinton Global
Initiative Competition for outstanding commitment, directly improves
indoor air quality, reduces regional climate change impact, and increases
women’s access to education. Indirectly, its manufacture from traditional
knowledge and materials has the potential to facilitate sustainable income
generation and promote community self-efficacy in rural communities of
the Himalayan region.

Amy Qian
MIT 2011

Sustainable Development
amyqian@mit.edu

Solar Thermal Energy Storage in the Rural Himalayas
The Wilson laboratory, MIT Department of Mechanical Engineering

Biomass consumption for the purpose of cooking and heating by rural
communities has had a profound impact on climate change. In addition
to carbon dioxide and methane, dung and wood combustion generates
black carbon which deposits on the Himalayan glaciers, reducing their
albedo and thus contributing to global warming. Rapid desertification
of grasslands and forests have also pushed governments to impose strict
bans on collecting biofuels, forcing families to spend already limited in-
come on equally harmful fuels like coal. Working with rural villagers in
the Indian and Chinese Himalayas, we have designed HeatSource, a clean
point-heating solution that stores readily available solar energy as heat to
be used on demand, virtually eliminating fuel use for heating which ac-
counts for 75% of total fuel use. In addition to reducing pollution, Heat-
Source frees villagers from having to perform labor intensive fuel gather-
ing chores and contributes to healthier, more sustainable communities.
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MIT Nuclear Fuel Cycle Study - Update

on the Cost of Nuclear Power
The Parsons laboratory, Center for Energy and

Economics

yangbodu@mit.edu

Environmental Policy Research

We update the cost of nuclear power as calculated in the MIT (2003)
Future of Nuclear Power study. Our main focus is on the changing cost of
construction of new plants. The MIT (2003) study provided useful data
on the cost of then recent builds in Japan and the Republic of Korea. We
provide similar data on later builds in Japan and the Republic of Korea as
well as a careful analysis of the forecasted costs on some recently proposed
plants in the US. We also update the cost of construction of new coal- and
gas-fired power plants and compare the levelized cost for nuclear against
similar calculations for coal and gas plants. The results show that the cost
of constructing a nuclear plant have approximately doubled. While the
cost of constructing foal-fired plants has also increased, as has the cost of
fuel, the total cost of nuclear power is markedly higher than the cost of
coal-fired power unless a substantial carbon price is charged.

Economics

kominers@fas.harvard.edu

Scott Kominers
Harvard University 2009

Dynamic Position Auctions with Consumer Search
Prof. Susan Athey, Harvard Department of Economics

Position auctions--the auctions search engines use to allocate spon-
sored links--are now one of the biggest and most profitable commercial
applications of auctions. Early models of position auctions have assumed
positions” click-through rates to be entirely exogenous. This assump-
tion appears, for example, in the foundational position auction model
of Edelman, Ostrovsky, and Schwarz (2007). New approaches, such as
that of Athey and Ellison (2008), have endogenized click-through rates
through models of consumer search behavior. Building upon the frame-
work of Athey and Ellison (2008), we study dynamic position auctions
in the presence of consumer search. In particular, we demonstrate the ef-
ficient convergence of this dynamic position auction to the equilibrium
of the associated static model. Our methods extend those used by Cary
et al. (2008) to show a similar result under the assumption of exogenous
click-through rates. The applicability of these methods in the presence of
consumer search indicates the robustness of the approach and suggests
that convergence of dynamic position auction models is demonstrable
whenever the associated static equilibrium strategies are sufficiently well-

behaved.
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Scott Kominers
Harvard University 2009

Using Matching with Preferences over Colleagues

to Solve Classical Matching Problems
Prof. Alvin Roth, Harvard Business School

The literature on two-sided matching markets has grown substan-
tially in recent years, following high-profile applications of matching in
labor markets and school choice programs. Most practical applications
of matching mechanisms require “stable matchings,” matchings for which
no set of agents (strictly) prefers to match among itself than to be matched
to its assigned set of partners. Although they are essential for applications
of matching mechanism, stable matchings are often hard to compute in
practice. In this work, we demonstrate that the problem of “many-to-one
matching with preferences over colleagues,” a nonclassical many-to-one
matching model in which colleges are matched to students who care both
about their assigned colleges and about their student colleagues is actually
more complex than the classical many-to-one matching problem. We give
an explicit reduction of any problem of the latter type to a problem of the
former type. This construction leads to an algorithm which computes all
stable matchings in the classical matching setting, for any set of preferenc-
es. Our construction directly extends to generalized matching settings.

Madeline Lissner
Harvard 2009

Economics

mlissner@fas.harvard.edu

Prices In Retrospect: Effects of Museum Retrospective
Exhibitions on Painting Prices at Auction.

This paper provides one of the first empirical analyses of the relation
between auction prices and another critical component of the art mar-
ket—museums. I use a repeat-sales regression (RSR) methodology for
the first sale and resale prices of identical paintings to examine whether
the occurrence of a single-artist museum retrospective exhibition has an
impact on the auction prices for that artist’s paintings. The growth of
large “blockbuster exhibitions” garnering frequent media attention and
large attendance figures over the past 30 years have fueled the belief that
these museum shows should increase an artist’s prices. I look at retrospec-
tives between 1986 and 2006 and auction data between 1983 and 2008
to estimate this relationship. I find that the occurrence of a retrospec-
tive is associated with a slight decline to no effect on the paintings resale
price following the retrospective. I also find that retrospectives increase
the dispersion among individual artists’ effects on their prices following
the show.
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Does Having an Accent Hold You Back?
Sara F. Ellison, MIT Dept of Economics

An individual’s accent “speaks” volumes about them — where they are
from, their race, profession and socio-economic status. Yet, we generally
refer to accents to indicate a “difference from some unstated norm of non-
accent, as though only some foreign few have accents.” Employers have
used claims of ‘unintelligible English’ to refuse jobs to accented, but other-
wise qualified applicants. My research project aimed to see if it is the case
that accented speakers are perceived to have less leadership ability than
those with a standard American accent. Using econometric analyses and
regression models, my partner and I concluded that there does exist a bias
against those with non-standard accents. Furthermore, we found that the
races of the participant and speaker interact such that an accented speaker
has higher ratings when being evaluated by a minority participant.
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Engineering diffusive 3D cardiac microvasculature

in hyaluronic acid hydrogels
The Khademhosseini laboratory, Harvard Medical School: HST

Culturing cells in a vascularized three-dimensional (3D) hydrogel
scaffold has significant applications ranging from tissue engineering to
drug discovery. In extant large 3D scaffolds, limits on mass transport
and nutrient exchange leads to cell necrosis, reducing functionality. Here
we present a technique for fabricating microfluidic channels in cell-lad-
en methacrylated hyaluronic acid (MeHA) hydrogels. Using standard
soft lithographic techniques, MeHA pre-polymer was molded against
a PDMS master and cross-linked using UV light. A second UV cross-
linking step generated sealed channels. Channels of different dimensions
and geometric complexity demonstrated that MeHA, though highly po-
rous, is a suitable material for microfluidics. HL-1 cardiomyocyte cells
embedded within the microfluidic molds were well distributed and me-
dia pumped through the channels allowed the exchange of nutrients and
waste products. Through repeated stacking and crosslinking steps, we
were able to form multiple layers of 3D MeHA channels to form a highly
perfuse microchannel network. Quantifying the diffusivity of the MeHA
channels enabled optimization of channel spacing leading to a large tis-
sue construct that was completely perused. Incorporating collagen into
the MeHA to form a semi-interpenetrating network enabled endothelial
cell attachment to the interior of the channels resulting in biomimetic
synthetic vasculature. Further development of this technique in animal
models may lead to the generation of fully functional cardiac tissue suit-
able for tissue regeneration following myocardial infarctions.

Sarah Brown
Northeastern University 2011

Engineering and Bioengineering
brown.sarah.marie@gmail.com

Optimizationof Antenna Excitation for High Feild MRI
Carey Rappaport, Northeastern University/ Gordon
Center for Subsurface Sensing and Imaging Systems

A modeling routine for converting photographic data of human anat-
omy from the Visible Human Project into a geometry matrix suitable for
use in Finite Difference Frequency Domain simulation is developed. The
routine uses permittivity and conductivity values for various tissue types
at the specified frequency to calculate the wave number for each part of
the axial slice of the subject. A 10-tissue anatomically detailed axial chest
model created with this routine is then simulated with 12 RF antennas.
The total field values from the FDFD simulation are then used to explore
more efficient radio frequency antenna excitation patterns for High Field
Magnetic Resonance Imaging, by achieving a gradient electric field. This
work has a direct technology transfer to improving the achievable resolu-
tion in High Field MRI systems. The proposed process allows for the ma-
chine to be calibrated to each unique individual for consistently optimum
image quality.

Alexina Fredman
Boston University 2010
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Role of Structural Heterogeneity on Vertebral

Strength and Failure Behavior
The Morgan laboratory, Boston University
Department of Mechanical Engineering

Current estimates of vertebral fracture risk are based on average mea-
sure of bone mineral density. However, it is shown that density and ar-
chitecture of vertebral trabecular bone vary as a function of position in
the centrum (Hussein et al., SBC 2008). The objective of this study was
to test the dependence of vertebral strength on the intra-vertebral varia-
tion in density. Twelve thoracic vertebrae were scanned at a resolution of
37 um/voxel. Average apparent density and volume fraction were calcu-
lated for the largest elliptical cylinder that fit inside the vertebral centrum
(Hussein et al., SBC 2008). For quantitative measures of intra-vertebral
heterogeneity, the inter-quartile ranges of apparent density and volume
fraction were calculated by dividing each vertebra into 5x5xSmm cubes.
Linear regression analysis was used to calculate the dependence of the
measured ultimate force (maximum force sustained by the vertebra when
loaded to failure (Hussein et al., ORS 2009)) on: 1) VF*CSA, 2) VFf*CSA,
IQR, 3) papp*CSA, and 4) papp*CSA, IQR. Accounting for the intra-
vertebral variation in density in addition to mean density significantly im-
proved predictions of vertebral strength. For example, including IQRapp
in addition to papp*CSA in the regression model improved the coefficient
of determination (r2) from 0.25 to 0.79. Similarly, including IQRVf in
addition to Vf*CSA improved the coefficient of determination from 0.30
t0 0.79. Including measures of the distribution of bone tissue throughout
the vertebra provided improved predictions of vertebral strength as com-
pared to predictions based only on mean density measures.

Shiv Gaglani
Harvard 2010
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Fabrication of Single Atom Nanowires for

Applications towards Quantum Computation
Itoh Laboratory, Department of Applied Physics,
Keio University, Tokyo, Japan

Developments in nanotechnology over the last two decades have
opened up the possibility of unparalleled computing power, such as the
theoretical development of a quantum computer. The realization of quan-
tum computers depends on our ability to specifically place quantum bits
(qubits) in positions where they can be initialized and measured. In our
all-silicon model of a quantum computer, we utilize silicon 29 isotopes as
our qubits due to their inherent nuclear spin. Phosphorous 31 must be de-
posited at regular intervals between 29Si atoms so that its spin-polarized
valence electron can initialize the silicon atoms’ nuclear spin states via
spin diffusion. In this study we aimed to fabricate single atom-wide 29Si
nanowires with regular spaced 31P atoms using molecular beam epitaxy
(MBE). It is clear that a bottom-up approach is the most feasible and effi-
cient way to fabricate single atom nanowires. In this method we use MBE
to deposit 29Si and 31P atoms on a surface upon which the atoms self
assemble into nanowire structures. Silicon(111) wafers were polished and
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heated to form the relatively stable 7x7 DAS Reconstructed surface in
either U- or F-step conformations. Intentional kinks were made at regular
intervals along the steps so that there were high energy corners with many
dangling bonds. Low concentrations of 31P were first deposited on the
surface and migrated to the high-energy corners. Silicon 29 was depos-
ited next to form neat rows along the step edges. Proper fabrication of
29Si nanowires with regularly spaced 31P atoms was assessed using scan-
ning tunneling microscopy (STM) and spectroscopy (STS). Fabrication
of qubit arrays represents the first step towards realization of a quantum
computer.
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Engineering multi-functional probiotic bacteria
Christina Smolke, The Smolke Laboratory

The human gut houses a diverse collection of microorganisms, with
important implications for the health and welfare of the host. We aimed
to engineer a member of this microbial community to provide innova-
tive medical treatments. As a team of five undergraduates working over
the span of 10 weeks, our work focused on four main areas: (1) patho-
gen defense either by expression of pathogen-specific bacteriophage or by
targeted bursts of reactive oxygen species; (2) prevention of birth defects
by folate over-expression and delivery; (3) treatment of lactose intoler-
ance by cleaving lactose to allow absorption in the large intestine; and
(4) regulation of these three treatment functions to produce renewable
subpopulations specialized for each function. Our research demonstrates
that synthetic biology techniques can be used to modify naturally occur-
ring microbial communities for applications in biomedicine and biotech-
nology. We presented this work at the 2008 iGEM Jamboree as the team
from the California Institute of Technology.
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Relative Motion of Robots as a Means

for Signaling in Formations
The Baillieul laboratory, Boston University Intelligent Mechatronics Lab

Motion based communication, commonly known as gesturing, is a
widely used mode of transmitting information. It can be seen in bee hives,
used by worker bees to communicate the location of food to the rest of
the hive, and at traffic stops, where visual signaling represents the most
viable means for an officer (or signal light) to communicate commands
to motorists. The proposed project approaches this form of communica-
tion from an engineering perspective. The goal of the project is to have
two wheeled robots communicate by modulating the relative distance by
which they are separated. Our implementation of motion-based signal-
ing overlays a communication module on top of a leader-follower forma-
tion control algorithm. The communication alphabet involves structured
modulations of the relative distance between two robots. The transmit-
ting robot deviates in a prescribed way from a nominal path, and this de-
viation is detected by the receiving robot. In one recent communication
experiment, we used such a protocol to have one robot signal another
of its intent to change direction as the two robots traversed a curve in
a planar workspace. The transmitting vehicle gestured by moving left or

right to indicate an upcoming turn. The receiver would then interpret
this message, and after a set period of time, both vehicles would make a
coordinated left or right turn remaining in parallel formation. The stud-
ies are being conducted using Khepera IIT mobile robots in the Boston
University Intelligent Mechantronics Laboratory (IML). In addition
to implementing communications between pairs of robots, the research
is focused on engineering hand-held user interfaces by means of which
human operators can communicate with robots moving in formation.
Future work will be aimed at motion-based signaling in formations with
more than two robots. Among the challenges posed by this research is the
need to create reliable communication links while ensuring the integrity
of the formation geometries.

Swetha Kambhampati
MIT 2010

Engineering and Bioengineering

Adhesive Polymer for Local Delivery of Therapeutics
The Langer Laboratory, MIT Department of Biology

Delivering therapeutic agents locally is an important problem in the
medical sciences. There are many limitations to the current delivery tech-
niques, however. Molecular targeting requires a suitable receptor with a
high selectivity for the target as well as the ability to be coupled to other
agents. Implantable devices are often not compatible with the complex
environment of the vasculature. This study proposes a technique to over-
come these limitations by incorporating the therapeutic agent into an
adhesive or “sticky” polymer that can injected and formed in situ. This
polymer is a four-arm polyethyleneglycol (PEG) molecule coupled to
four 3,4-dihydroxy-L-phenylalanine (DOPA) moieties which renders the
polymer “sticky.” This DOPA conjugated polymer mimics the polymers
secreted by marine mussels which stick to a wide range of wet materials.
The polymerization of this adhesive polymer occurs in a pH dependent
manner and hence can be tightly controlled. Monomers are soluble un-
der slightly acidic conditions, but when injected into the body at physi-
ological pH, polymerization will occur rapidly. The biocompatibility of
this polymer was investigated via a variety of techniques. The toxicity of
the polymer coated on HeLa and the human umbilical vein endothelial
cells (HUVEC) was examined using the WST-1 Proliferation Assay and
live/dead staining with fluorescent probes. The adhesive polymer was de-
livered to the walls of micro fluidic devices coated with HUVEC, and
the effect of different shear rates on the accumulation, stable deposition,
and localization of the polymer was assessed. Results indicate the promis-
ing nature of this technique for local delivery of therapeutic agents via
adhesive hydrogels to localized targets in a highly controllable and non-
invasive fashion.
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A Treatment for Myopia, Hyperopia, and Keratoconus:

Collagen Crosslinking in the Cornea
The Kornfield laboratory, Caltech Chemical Engineering Department

Over 50% of the population in the United States currently wear a form
of corrective eyewear, such as glasses or contact lenses to treat refractive
errors that result from myopia, hyperopia, and keratoconus. About 5%
of the US population have had Laser-Assisted in Situ Keratomileusis
(LASIK), as an alternative to corrective eyewear. However, the inconve-
nience of corrective eyewear along with the invasiveness of LASIK has
led to the exploration of new methods to correct for common refractive
errors. A novel treatment presently being developed involves applying a
force to alter the cornea’s shape followed by crosslinking to fix the desired
shape. The tested crosslinking reagent is Glyceraldehyde, which if lower
than 2% is considered safe for application onto the eye. However, results
indicate that this treatment fails to offer a viable, permanent solution to
holding the shape of the eyes. Additional treatments, which utilize either
a hard contact lens or a corneal mold are being explored.

Yao Luo
MIT 2010
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Estimating Strength of Distal Radius

with Finite Element Analysis
The Wierzbicki laboratory, MIT Department
of Mechanical Engineering

Distal Forearm (Colles’) fracture is the most common fracture for peo-
ple with brittle bones and available surgical therapy causes considerable
pain and requires hospitalization. It has been shown that an understand-
ing of the bone microarchitecture can improve fracture risk prediction
and allow early treatment with nutrition supplements. In this report,
we proposed a three-step approach to estimate the stiffness and failure
strength of Smm thick segments of the distal radius. Step 1 is construct-
ing a 3D model of the bone segment (cortical and trabecular structure)
from 150 um resolution CT scans obtained from an Ultra high-resolu-
tion Digital Flat-panel based Volume CT (fpVCT). Step 2 is meshing the
model and simulating a compression test to generate the stress and strain
distribution in the material. Step 3 is to determine the failure load when
2% of the bone elements exceed the critical strain. The method has pre-
dicted the force required to induce a 0.1% strain on a healthy distal radius
was an average of 2.3 kN. The average failure load was 8.2 kN. Using this
method, we have shown that the failure load for a morphologically abnor-
mal bone segment is lower compared to that of a morphologically sound
one, demonstrating the potential for our model to predict those bones
that are more at risk of fracture. The method can be expanded to other
types of fractures such as hip and vertebral fractures which have higher
morbidity.

Carla Perez Martinez Engineering and Bioengineering
Massachusetts Institute of Technology 2011 carlita@mit.edn

Optimization in situ of Ionic Liquid Ion Sources
The Lozano laboratory, MIT Space Propulsion Laboratory

My research consists on the development and testing of electrospray
thrusters intended for space propulsion. These devices consist of a sharp
tungsten needle covered in an organic ionic liquid, which is connected to
a metallic washer. An electric potential is applied between the needle and
the washer, and the resulting electric field will attract the liquid particles
towards the washer. By applying more voltage differences we can create
successive electric fields to control the path of the particles. To give im-
pulse to a spacecraft, we would place high numbers of needles in a grid;
the liquid particles they expel should provide thrust. I have become ac-
quainted with the fabrication of needles, which should be treated electro-
chemically in order to obtain best performance. The needle is mounted on
a special stage that allows the movement of the needle with nanometric
precision. The entire setup is tested in a vacuum chamber, and the emit-
ted beam of particles is analyzed with special imaging software. So far, we
have been able to install the whole setup, and have obtained some images.
However, we are still working on questions like how to accurately center
the needle with respect to the washer. The main objective of my research
is to analyze different geometries of the electrospray thruster, and to find
the optimal position of the needle with respect to the washer to obtain
beams useful for space propulsion.
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Heterogeneous Integration of Single-Walled

Carbon Nanotubes with CMOS Circuitry
The Dokmeci laboratory, NEU Materials Science Group

In this paper, we demonstrate the integration of Single-Walled Carbon
Nanotubes (SWNTs) with CMOS circuitry as a first step toward realiz-
ing highly sensitive nanosystems. The proliferation of technologies to cre-
ate nanoscale materials coupled with the funding from the government
and industry is yielding a plethora of fascinating nanomaterials which are
increasingly being used in high performance novel devices. For instance,
SWNT based molecular wires have been utilized as chemical sensors with
a fast response. The nanotube or nanowire based sensors have very high
sensitivity yet are also prone to noise, hence require the electronics to be
near. Accordingly, the implementation of nanostructures directly on a
CMOS electronic chip not only improves the signal to noise ratio, but
also provides an opportunity for signal conditioning and storage leading
to highly sensitive single chip nanomaterial based systems. The SWNT
assembly technology utilized dielectrophoresis which is low temperature,
versatile and wafer scale and is applicable for post-CMOS integration of
numerous nanostructures. The CMOS chip containing assembly micro-
electrodes and the interface circuitry is designed and fabricated using the
AMI 0.5um CMOS process, provided by MOSIS. After receiving the
fabricated chips, we first etched the oxide layer (Al203) on top of the
Al metal electrodes and then coated them with a Zn layer using an elec-
troless plating process. Next, we deposit a 2-3 ul droplet of an aqueous
solution containing the nanotubes on to the microelectrodes. An AC
voltage of 5Vpp with a frequency of 10 MHz was utilized during the DEP
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assembly. A high gain op-amp circuitry was designed to demonstrate the
integration of nanotubes with CMOS electronics. The SWNTs are into
the feedback resistor of the op-amp. The small signal gain of the op-amp
with CNT feedback resistors was measured as ~-1.95. The thermal re-
sponse of SWNTs have been measured and has a negative temperature
coefficient of resistance (TCR) ~ -0.4%. In summary, we have success-
fully integrated SWN'Ts on to functional CMOS circuitry utilizing a low
temperature wafer scale process. The technique is simple, versatile and
high yield with potential applications for the realization of nanotube and
nanowire based bio and chemical sensors.
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Background Measurements for Piling

Detection Borehole Radar
The Rappaport laboratory, Gordon CenSSIS

A method for determining the depth of the tops of wooden pilings, as
used in many historic buildings, is in development. An antenna is oper-
ated in a vertical borehole 15mm in diameter, using a PVC pipe casing.
The antenna used is a specially designed physically small wideband an-
tenna that has been constructed to take frequency domain measurements
sequentially in depth. Current Research focuses on establishing average
background readings in soil free of foreign objects. Once a background
has been determined, measurements of a piling surrogate will be taken
and compared to the background measurements. These tests are being
carried out in the Northeastern University Center for Subsurface Imag-
ing and Sensing Systems (Gordon CenSSIS) SoilBED facility. The Soil-
BED is a controlled indoor facility for small scale ground penetrating
and in-ground radar experiments. This method has the possibility of be-
ing further developed into a complete system for diagnosing foundation
problems in historic buildings, without the need for the disruptive heavy
equipment currently used.
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Highly Density SWNT Networks Assembled

on a Flexible Parylene-C Substrate
The Dokmeci laboratory, NEU Materials Science Group

Kevin Money
NEU 2010

Single-walled carbon nanotubes (SWN'Ts) may serve as potential
building blocks for the next generation of devices. The integration of or-
dered arrays of carbon nanotubes onto rigid as well as flexible substrates
offers many opportunities for fabricating novel functional devices of high
performance and small size. Here, we present the realization of direct
patterning of SWNTs architectures on to flexible Parylene-C substrates
by utilizing surface controlled microfluidic assembly technique. The fab-
rication process starts by depositing a 10um thick parylene-C on top of
a 15mmx15mm Si chip. Next, O2 plasma treatment is utilized to ren-
der the surface properties of the as-deposited Parylene-C from hydro-
phobic to hydrophilic. Contact angle measurements of the O2 plasma
treated Parylene-C substrate shows that after the O2 plasma treatment,
Parylene-C surface became hydrophilic with contact angle of about 6°
and stayed hydrophilic for at least 2 hours. Next, we created photoresist
patterns (down to 4um) utilizing photolithography. Due to the hydro-

phobic nature of the photoresist surface, surface controlled microfluidic
assembly technique is utilized to assemble SWNTs inside the patterned
hydrophilic trenches. The patterned substrate was then vertically sub-
merged into an aqueous solution containing SWNTs using a dip-coater.
The highly organized nanotube lateral structures were formed directly on
the flexible substrate without utilizing any printing, transfer or chemical
functionalization techniques. This lithography based chemical free pat-
terning technology is versatile and has direct applications in the realiza-
tion of nanotube based sensors, field effect transistors (FETs) and inter-
connects for flexible electronics.
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SERS-Coded Gold Nanorods as a Multifunctional
Platform for Densely-Multiplexed Near-Infrared

Imaging and Photothermal Heating
The Bhatia laboraotry, Laboratory for Multiscale
Regenerative Technologies

The development of biocompatible materials for in vivo imaging and
targeted therapy is an area of growing interest in the fields of engineer-
ing and biomedical sciences. Nanoparticles, in particular, exhibit struc-
tural and functional properties that can be conducive to targeting tumors
with high specificity and high affinity. My research centers on developing
a class of polymer-coated gold nanorods that can strongly absorb near-
infrared light and carry molecules that may be remotely detected via their
surface-enhanced Raman scattering (SERS). Recent work in the Bhatia
lab has shown that polyethylene glycol-modified (PEGylated) gold nano-
rods have low toxicity and may efficiently target tumors in vivo. These
nanorods are able to enter tumor tissues by escaping through pores in their
angiogenic blood vessels. After clearance from the systemic circulation,
near-infrared irradiation of tumors leads to local tissue heating via nano-
rod absorption, which our lab has used to eradicate malignant lesions in
vivo. My work aims to provide an integrated means of detecting and treat-
ing tumors using SERS-coded nanorods. Particularly, applications such as
tumor margin detection during surgery could significantly benefit from
nanomaterials that could close the loop between tumor tissue detection
and therapy. Recently, SERS particles have been shown to be useful for
optical imaging under in vivo conditions. A recent paper in the litera-
ture by Qian et al showed that their PEGylated SERS nanoparticles were
>200 times brighter then near-infrared-emitting quantum dots. Inspired
by this work, our research this fall involves the synthesis and testing of
SERS-coded, PEGylated gold nanorods both in vitro and in vivo. Specifi-
cally, we will focus on developing nanorods that show efficacy for both
imaging and photo-thermal therapy.. We started by conjugating various
Raman reporters to PEGylated nanorods and studying the spectroscopic
signatures of particle conjugates. We then took the Raman reporters that
showed the strongest signals and conducted an in vivo study that investi-
gated the in vivo utility of SERS enhancement effects. We tested suitable
molecules for in vitro toxicity over human cell cultures, their capacity to
be multiplexed under a single illumination wavelength, and their utility as
multimodal agents for integrated imaging and therapy.
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Measurement kits and reference standards
for characterizing BioBrick promoters

and ribosome binding sites
The Endy laboratory, MIT - Department of Biological Engineering

The BioBrick Parts Registry consists of biological parts which adhere to
a technical standard that facilitates reliable physical assembly of parts into
multi-component engineered biological systems, however the behavior of
these systems remains difficult to predict a priori. Researchers could bet-
ter predict the behavior of systems composed of standard biological parts
if the individual parts were well characterized. Standard tools, techniques,
and units of measure will be needed to support the characterization of
parts by independent researchers across many laboratories. We designed,
built, and tested measurement kits for characterizing the in vivo activity
of BioBrick promoters and ribosome binding sites (RBS). The kits con-
tain measurement tools for determining promoter and RBS activity based
on expression of green fluorescent protein. The kits also include a specific
promoter and RBS selected as reference standards. By reporting the ac-
tivity of a user-specified promoter or RBS relative to the activity of the
reference promoter or RBS, independent researchers can calibrate their
measurements and report them in newly defined, comparable units: stan-
dard promoter units (SPUs) and standard RBS units (SRUs). We demon-
strated the utility of the kits by measuring the activities of a collection of
promoters and RBSs across a range of conditions and procedures. Finally,
we distributed four promoters to six independent laboratories for char-
acterization using the promoter measurement kit. The low level of vari-
ability in measured promoter activity (coefficient of variation ~ 0.113)
across laboratories demonstrates that the kits provide a first mechanism
for independent laboratories to report comparable measurements of the
functioning of standard biological parts.
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Unreinforced Masonry Vaults and Dome Structures
Prof. John Ochsendorf, Masonry Group -
Building Technology Lab, MIT

The research focuses on contributing to a more sustainable built en-
vironment through 1) the preservation of existing buildings and 2) the
design of optimized new structures from local materials. To enable an
evaluation of existing buildings it is necessary to develop reliable masonry
theory. To date, theoretical models have difficulty predicting the dynam-
ics and failure mechanisms of masonry structures. Research has focused
on static solutions and has neglected the effect of deformation, ground
movement and acceleration on stability. We aim to extend the theory of
unreinforced masonry and develop methods to determine the structural
safety of historic buildings. Masonry buildings include some of the old-
est, most valuable heritage of mankind. An accurate evaluation of their
current stability can contribute to preserve existing buildings for future
generations. As one of the oldest building materials, masonry has long
durability, local availability, natural beauty and high thermal mass. On-
going research of the Masonry Group at MIT rediscovers masonry as a
convincing load-bearing material. Built with minimal steel and concrete,
these projects are promising sustainable alternatives with low-carbon
footprints. Optimal shapes to minimize the material use are determined
using interactive design methods developed within the group (Block et
al. 2006). It is worthwhile to reevaluate the priorities of contemporary
design philosophy and focus on designing buildings with a long-term per-
spective.

BURS Abstract Book 2009
Krishna Settaluri Engineering and Bioengineering
MIT 2012 ktset@mit.edu
PC Board Analysis

The Ram laboratory, Research Lab of Electronics

I plan on assisting the Research Laboratory of Electronics through
proper fabrication of Printed Circuit Boards. With assistance received
from Kevin Lee and Reja Amatya, I will optimally design, populate, test,
and modify these PC Boards. I will also be studying the theoretical aspects
behind the many components used in this process. Additionally, I plan on
furthering my skills in designing and testing circuits based on schematics
as well as becoming acquainted with the various lab tools that are essen-
tial for this process. Printed Circuit Boards (PC Boards) were originally
implemented in devices in the 1940s and since then, they have gained
widespread popularity due to their reliability and sturdy, inexpensive
design. A typical, unpopulated PC Board contains pre-planned areas to
place specific components. These components range from capacitors and
resistors to sensors and operational amplifiers. Once populated by these
devices, the PC Boards will be integrated into larger devices in order to
perform their specific tasks. I came to MIT with the dream of becoming
a Course 6 major. The knowledge, experience, and interest that I gained
from my first semester here guided me in deciding that hands-on electri-
cal engineering is the field that I plan on further pursuing. With the help
of this research, I plan on fulfilling my goal of advancing in Electrical En-
gineering. The foundational skills that I gain from this research with RLE
will create a basis for future opportunities in this field. The resources and
tools that I will be equipped with will provide me with the confidence and
understanding that are pivotal in succeeding in Electrical Engineering.

Lev Shaket
Harvard 2010

Engineering and Bioengineering

LShaket@fas.harvard.edu

In vivo selection of adeno-associated

viral vectors for brain tropism
The Sena-Esteves laboratory, Neuroscience Center,
Massachusetts General Hospital

In this study, we examine the possibility of targeting intravenously (i.v.)
administered viral vectors to the brain with the aim of developing a non-
invasive and effective therapy for several neurological diseases. Gene ther-
apy utilizes vectors, including viruses, to insert therapeutic genes into cells
and tissues of a discased patient. The blood-brain barrier prevents most
gene therapy vectors from entering the brain after iv. injection, including
adeno-associated virus (AAV) vectors, which are the most effective ve-
hicles for in vivo gene delivery. The ability of these vectors to enter specific
tissues in vivo is determined by their protein shell (capsid). Up to ~100
different AAV capsids have been cloned mostly from humans and ma-
caques, but thus far none seems to target the brain effectively after iv. in-
jection. Here we have generated a novel AAV capsid library by genetically
engineering capsid genes from different AAV variants, effectively mixing
the different genes to create unique capsids. We hypothesize that in vivo
selection of this library may yield novel brain-targeted AAV capsids. We
have performed two rounds of in vivo selection in mice, each time inject-
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ing a capsid library intravenously, isolating genomic DNA from the brain
and amplifying AAV capsid genes from the genome by PCR. Sequence
analysis of ten and seven randomly chosen in vivo-selected capsids from
both Round 1- and Round 2-selected libraries, respectively, indicated
that both libraries are not only extremely homologous at the nucleotide
and amino acid level but are extremely homologous to each other and are
comprised of several AAV variants. This suggests the isolation of brain-
targeted AAV capsids. We are currently determining the transduction
efficiency of these selected vectors. Then we will ascertain if the novel
capsids can efficiently deliver therapeutic genes to the mouse brain.
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Heidi Hirschl History and Literature
Harvard 2010 bhirschl@fas.harvard.edu

Barrie and Nietzsche
Maria Tatar, Harvard University

J-M. Barric’s tale of Peter Pan remains, nearly a century after its publica-
tion, one of our most important cultural stories about what it means to
grow up. Providing a contact zone for multiple generations, it enables
children to enter a fully realized fantasy world even as it allows adults
to repair their own damaged sense of wonder. As I worked with Profes-
sor Tatar to broaden my understanding of the work’s cultural importance,
I also explored the deep connections between J.M. Barrie and Friedrich
Nietzsche. Although Nietzsche was among J.M. Barrie’s contemporaries,
the impact of his ideas has never been explored in a text that draws in
a number of obvious and not-so-obvious ways on his claims. Peter Pan
is a work deeply present in our culture but also truly rooted in one of
the most prominent thinkers of the past that has not been written about
extensively. Barrie’s work is profoundly symptomatic of cultural anxieties
in his time. It presents a real opportunity for a Nietzschean genealogical
examination. Barrie cleverly constructs a children’s story laden with per-
spectivalism that depicts the elusive, complex and extremely significant
topic of the passing of time. The elapsing time in Peter Pan is inextricably
linked to growth. Ultimately, the reader realizes that maturation enables
one to engage in fantasies about eternal youth while also accepting the
reality of life. Time is not simply linear or nonexistent, but rather cycli-
cal and dynamic. This is consistent with the Nietzschean view of cycli-
cal time, perspectivalism and the eternal return of the same. The dynamic
variety of works subsequently produced following Barrie’s masterpiece as
well as the mass audience it appeals to also dovetails contemporary obses-
sion with eternal youth and anxieties about growing up. J.M. Barrie gives
us a story about wonder, beauty and enchantment, yet one that is also
permeated with morbidity and mortality. This unlikely pairing of similar
minded writers develops a theoretical apparatus that sheds light on im-
portant thematic concerns embedded in the canon of childhood reading.
Barrie’s portrait of Peter Pan as the polymorphously perverse child who
will not grow up follows the structure, ideology and morality of Nietz-
sche’s hermeneutics of suspicion involving perspectivalism, aestheticism
and the eternal return of the same. My research goals from this summer
and fall included synthesizing and exploring these connections between
J.-M. Barrie and Nietzsche and translating my findings in a document that
was able to contribute something new to the realm of children’s literature
and academia.
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Ala Harelik and Jana Yamani
Northeastern University 200

Congestion Control Algorithms

The King laboratory, Northeastern University

Our research is dedicated to the analysis and design of congestion
control algorithms in communication networks. This field is critical
nowadays given how limited bandwidth is currently available to today’s
demanding internet applications that require gigabit speed connectivity
and involve heterogeneous traffic and resources like rich video conferenc-
ing. The algorithms that we analyze are variants of the Additive Increase
Multiplicative Decrease (AIMD) algorithm which lies at the heart of the
TCP protocol used for traffic control on the Internet. We are building
mathematical models which simulate the behavior of AIMD algorithms
in a single bottleneck link serving multiple unsynchronized users. We
model the network as a positive linear system, driven by the unpredict-
able congestion events that occur when demand exceeds capacity. We ana-
lyze the efficiency and fairness of the bandwidth allocation in our model,
using MATLAB to compute the long-term distribution of bandwidth
among the users. There are several parameters in the model; we plan to
explore how changing these parameters can affect the efficiency of the al-
gorithm. Optimization of congestion control algorithms does not follow
a one-size-fits-all approach. Certain optimization techniques work best
for different network topologies and communication dynamics. We are
building probabilistic models that can help identify the best technique for
asingle congestion link, with the longer term goal of extending our results
to networks of links. Finding the algorithm which will yield the highest
gain in the level of congestion control and fairness in the network is an
important long term goal.

Mathematics
kominers@fas.harvard.edu

Scott Kominers
Harvard University 2009

Configurations of Extremal Even Unimodular Lattices
The Elkies laboratory, Harvard Department of Mathematics

Even unimodular lattices have been studied extensively because of their
important applications to the theory of sphere packing. Using generat-
ing functions called “weighted theta series,” which encode the norms and
distributions of lattice vectors, Ozeki showed a series of “configuration”
results for extremal even unimodular lattices of ranks 32, 40, and 48. We
extend these configuration results. In particular, we show: If L is an extre-
mal even unimodular lattice of rank 56, 72, or 96, then L is generated by
its minimal-norm vectors and if L is such a lattice of rank 40r (r=1,2,3),
then L is generated by its vectors of lengths 4r and 4r+2. We also obtain
similar results for extremal doubly-even self dual codes.

Mathematics
kominers@fas.harvard.edn

Scott Kominers
Harvard University 2009

Harmonic Weight Enumerators and

Type II Codes of Length 24
The Elkies laboratory, Harvard Department of Mathematics

Type I (i.e. doubly even self-dual) codes have been studied extensively
because of their important applications to the theory of sphere pack-
ing. In 1987, Koch presented a criterion on the tetrad systems of Type
IT codes of length 24. Koch’s proof of this criterion relied heavily upon
results from the theory of lattices. We give a new, purely coding-theoretic
proof of Koch’s criterion using the theory of harmonic weight enumera-
tors. This approach is inspired by Venkov’s approach to the classification
of the root systems of Type II lattices in dimension 24, and gives a new
instance of the analogy between lattices and codes. [This is joint work

with Prof. Noam D. Elkies.]

Mathematics
kominers@fas.harvard.edu

Scott Kominers
Harvard University 2009

Uniqueness of Universality Criteria for Quadratic Forms
The Elkies laboratory, Harvard Department of Mathematics

The celebrated Conway-Schneeberger “Fifteen Theorem” states that a
postive-definite (classically) integral quadratic form represents all positive
integers if and only if it represents the integers in the set ${1,...,15}$. This
surprising result has led to the study of “universality criteria,” sets $S_0$
of quadratic forms sufficient to characterize when a quadratic form repre-
sents all elements of a larger set of quadratic forms $S\supset S_0$. Such
criteria have been identified in a few important cases, including those
when $S$ is the set of rank-$n$ quadratic forms and $n=1,2,8$. (The
case $n=1$ is equivalent to the Fifteen Theorem.) We give general results
which partially characterize such criteria for any choice of $S$. These are
the first criterion characterization results for arbitrary sets of quadratic
forms $S$. As an application, we prove the uniqueness of the criteria in
the cases that $S$ is cither the set of rank-$2$ quadratic forms or the set
of rank-$8$ quadratic forms. We also discuss the limitations of these re-
sults, especially as applied to the case in which $S$ is the set of rank-$3$

quadratic forms.
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Yiyang Li Mathematics
Olin College of Engineering 2011 yiyangli@students.olin.edu

Nonlinear Dynamics of a Simple Microvascular Network
The Geddes laboratory

Blood flow through microvascular networks has been shown to
change, oscillate, and even reverse direction without biological control;
understanding such phenomenon could enhance understanding of a va-
riety of topics such as angiogenesis or drug delivery. In order to study this
phenomenon, we investigated a model of blood flow through small ves-
sels. Blood flowing through small vessels exhibits rheological properties
such as the F\aa hr\ae us-Lindqvist effect, which describes the viscosity
of blood, and the plasma skimming effect, which governs the separation
of red blood cells at diverging nodes. We define a node to be the intersec-
tion of exactly three blood vessels, and a network to be the union of two
or more nodes. To help understand large complex networks consisting
of hundreds of vessels, we begun by studying a simple three node net-
work. Using a variety of analytical and computational tools, we developed
methods to find the equilibrium solutions that a given configuration of
the three node network can support and the stability of each of these solu-
tions. We devised a novel method of finding and visualizing equilibrium
solutions. We plan to use our results to conduct \textit{in vitro} experi-
ments and generalize our analysis to other networks. This research is sup-
ported by the National Science Foundation, Longterm Undergraduate
Research Experience Grant.

Sana Raoof Mathematics
Harvard College 2012 sraoof@fas.harvard.edn

Computation of the Alexander-Conway Polynomial

on the Chord Diagrams of Singular Knots
The Jordan laboratory, MIT Math Department

The inherent complexity of ambient isotopies, as outlined by the
Reidemeister moves, necessitate the use of knot invariants to discrimi-
nate among planar representations of mathematical knots. The concept of
finite-type invariants reduces the computation of the Alexander- Conway
polynomial to the level of combinatorial objects called chord diagrams.
In this paper, we prove some relations for the delta invariant, which is the
formal logarithm of the Alexander-Conway polynomial. A specific fam-
ily of chord diagrams, denoted Sk,m, contains two disjoint sets of chords
arranged in a lattice pattern. Sk,m chord diagrams are characterized by
complete bipartite intersection graphs. This paper shows that delta(Sk,m)
= 0 forknotequalto = m!(m — 1)! for k = m The theorems presented
in this paper increase our knowledge of the Alexander-Conwayinvariant
for chord diagrams, as well as prove when the invariant can be used to
uniquely characterize singular knots. These findings pertain to the iden-
tification of tangled organic molecules such as DNA and RNA, and are
applicable to the Protein Folding Problem. Generalizations of the delta
invariant on complete bipartite chord diagrams offer a method to com-
pletely and uniquely characterize tangled organic molecules on a purely
sturctural basis.
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Harvard College 2012

Microbiology
jsekman@fas.harvard.edu

A Novel Approach to the Detection of Pathogenic

Bacteria from the Classroom to the Clinic
The Harber laboratory, Oxnard and Ventura Colleges with CCBC

Currently, illnesses caused by rampant bacterial infections of Methi-
cillin-Resistant Staphylococcus Aureus (MRSA), Bacillus Anthracis (An-
thrax), and E. coli, among others, are extremely difficult to diagnose and
treat due to the current reliance on outdated biochemical tests and cul-
turing procedures taking days to weeks for identification. In the midst of
reports of tomatoes, jalapenos, and spinach tainted with unknown E coli
strands, the world needs systems and protocols in place that can detect
strains of bacteria within minutes that depend on cutting-edge genetic
identification, not staining and culturing methods that are grounded in
technology from the 1800’.. With this problem in mind, our lab set out
to bring cost effective and convenient protocols involving the Polymerase
Chain Reaction method to the general public through optimizing a Ce-
pheid Real-Time PCR system to successfully gauge the ability to detect
bacteria in 15 minutes using a lyophilized primer set. From there, our goal
was to discover an alternate (and lower cost route) to achieve the same
goal so that students or any clinician could simply and rapidly duplicate
this experiment using PCR equipment. Using a degenerate PCR primer
set (targeting the gene for the 16s ribosomal subunit) whose sequence
had had been previously published, our lab optimized another protocol
to amplify the DNA of 32 different genera of bacteria using this single
primer set. After running the DNA on an agarose gel, we verified how
each sample would produce its own uniquely identifiable banding pat-
tern, allowing anyone to discern one bacterium from another in a matter
of hours and for pennies per reaction.

Kevin Lin
Harvard College 2012

Microbiology
kevinlinl2@college.harvard.edu

Evolution of Marine Cyanobacteria in the Red Sea
The Post laboratory, Marine Biological Laboratory

The cyanobacteria Prochlorococcus and Synechococcus are the small-
est photosynthetic organisms on Earth yet account for two-thirds of the
oceans’ photosynthetic reactions. Their abilities to survive in diverse en-
vironments make them ideal for studies of genetic diversity. This research
investigated the genetic compositions of multiple Prochlorococcus and
Synechococcus species isolated from the Red Sea to determine how the
organisms have evolved to nitrogen stress conditions and therefore differ
from cyanobacteria found in other bodies of water. PCR-based sequenc-
ing of cyanobacterial DNA was followed by computer-based analyses to
determine the functions of sequenced genes. A phylogenetic analysis
compared the sequences of Prochlorococcus marinus strains 8390-C9
and 13A3 to Synechococcus species 4320-C2 and 4320-C3. The align-
ments were used to observe genotypic adaptations to nitrogen stress,
causing sequences to differ from P. marinus strain HOTOM-8F9, isolated
from the Pacific Ocean.One hundred ninety-two open reading frames,
corresponding to possible genes, were identified through sequencing and

assembly. Of these, 95 - 100% had highest-significance matches to other
cyanobacterial genes, indicating that the geographic boundaries separat-
ing species do not cause extreme evolutionary divergence. Twenty-six
nitrogen assimilating and metabolizing genes were identified in the two
Synechococcus sequences. Only one such gene was found in Prochloro-
coccus DNA. This lack of nitrogen related genes was surprising due to
high levels of nitrogen stress found in the Red Sea.The ability of Prochlo-
rococcus to survive in nitrogen—stressed environments despite an appar-
ent lack of necessary genes for nitrogen metabolism should be further

investigated.
Charles Liu Microbiology
Harvard University 2011 linl8@fas.harvard.edu

Investigating periplasmic transit of lipopolysaccharide
during bacterial outer membrane biogenesis

The Kahne laboratory, FAS Department of Chemistry
and Chemical Biology, HMS Department of Biological
Chemistry and Molecular Pharmacology

The cell envelope of gram-negative bacteria consists of an inner (IM)
and an outer membrane (OM) separated by an aqueous space, the
periplasm, containing the peptidoglycan cell wall. The OM is asymmet-
ric, with phospholipids in its inner leaflet and lipopolysaccharide (LPS)
in its outer leaflet. LPS plays a crucial role in the OM’s barrier function
and is essential for survival in most gram-negative bacteria, but until re-
cently little was known about its transport to the OM. Our lab studies the
LPS transport pathway, providing insight into the unique process of OM
biogenesis and uncovering potential targets for novel antibiotics, which
are urgently needed to address the burgeoning global health threat posed
by antibiotic-resistant bacterial infections. To better understand periplas-
mic transit of LPS, we cloned, overexpressed, and purified the periplas-
mic portion of LptC, an essential IM protein that has been implicated
in LPS transport. Currently, this purified fragment is being used to de-
velop LptC-specific antibodies that will allow us to identify the presence
of LptC in protein complexes in vitro. We also tested the ability of this
LptC fragment to bind LPS. Results to date suggest that LptC alone does
not bind LPS; it may be that LptC-LPS interactions require the presence
of other proteins in the LPS transport pathway. Future directions include
crystallographic analysis of the periplasmic portion of LptC and further
studies of its interactions with other proteins and LPS.
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A chemical suppressor screen of melanoma

progenitors in the zebrafish
The Zon laboratory, Children’s Hospital
Boston; Harvard Medical School

Neural crest development and melanocyte biology influence human
diseases like melanoma. In zebrafish, mutations in the BRAF oncogene
lead to abnormal striping patterns, and when crossed with a knockdown
of the p53 tumor suppressor gene, cause these double mutant adults to
develop highly aggressive melanoma cancer within the course of a year.
Previous studies in the lab using in situ hybridization reveal a strong over-
expression of crestin in BRAF;p53 zebrafish embryos. Crestin is a pan-
neural crest marker that is a relevant marker used to investigate this field
of melanocyte biology. Because the gene is also overexpressed in adult
tumors, this leads to the notion that crestin progenitors appear during
embryogenesis in BRAF;p53 zebrafish embryos and eventually differenti-
ate or develop into entities that contribute to pigmentation abnormalities
and tumor formation in adults. My project will evaluate the hypothesis
thatabnormal crestin gene expression duringembryogenesisin BRAF;p53
zebrafish are related to tumorigenesis and pigmentation defects in adult
zebrafish. This work will lead into future studies to determine whether
the chemical hits also correct pigmentation defects and melanoma devel-
opment in adult BRAF;p53 zebrafish utilizing a chemoprevention assay,
while gauging tumor engraftment with a transplant assay. This research
project wields important implications because it investigates the relation-
ship between embryogenesis and tumorigenesis. Its particular signifi-
cance with respect to cancer biology will help investigate the mechanistic
events that transform neural crest progenitors through the BRAF onco-
gene. The small molecules that result from the screen may also have thera-
peutic potential to affect human melanoma development.

Alan Chou
Harvard College 2010

Molecular and Cellular Biology
alanchou@fas.harvard.edu

Dynamic regulation of p57 by Bmil in murine lungs
The Kim laboratory, Children’s Hospital Boston

Lung cancer, a leading cause of death worldwide, is the most common
epithelial tumor. Previous studies have shown that Polycomb group fami-
ly member Bmil is overexpressed in numerous epithelial tumors. It is sug-
gested that Bmil deficiency suppresses tumorigenesis by limiting the pro-
liferation of putative bronchiolalveolar stem cells (BASCs), the apparent
lung cancer cells of origin, in response to oncogenic K-ras stimulus. Subse-
quent microarray analyses have identified genes that are highly upregulat-
ed in Bmil deficient cells. One strong candidate, p57, isa CDK inhibitor
and known tumor suppressor. This study investigated the pattern of p57
expression within wildtype and Bmil deficient murine lungs. Wildtype
lungs normally express p57 in nuclei of bronchiolar cells, whereas p57 de-
ficient lungs have dysregulated p57 expression in cells within the alveolar
and bronchiolar spaces. Notably, p57 levels are dynamically regulated in
wildtype lungs under conditions of high stem/progenitor cell demand.

Expression of p57 increased in early postnatal stages of active prolifera-
tion in wildtype lungs, and diminished as development proceeded toward
adulthood. Similarly, expression of p57 was upregulated on the second
day following injury by naphthalene, but decreased by the fifth day. Since
these dynamic changes in p57 expression were lost in Bmil deficient
lungs, these data implies that Bmil is an important regulator of p57. The
data also suggests that p57 may play a key role in the expansion potential
of BASCs as well as lung tumorigenesis. Understanding the roles of Bmil
and p57 can clucidate mechanisms of epithelial carcinogenesis and ulti-
mately lead to effective treatments.

Michael Ding
Harvard 2011

Molecular and Cellular Biology
mqding@fas.harvard.edu

Functional Characterization of Mammalian

Homologues of the Yeast Longevity Factor Sir2
The Alt laboratory, Children’s Hospital, HHMI

Sirtuins are mammalian homologs of the yeast Sir2 protein that regulate
lifespan in a large variety of organisms, including humans. Unfortunately,
the mechanisms through which they function are not well understood.
Of the seven mammalian sirtuins, two are of particular interest: SIRT3
and SIRT6. SIRT3 is a mitochondrial protein and mitochondria purified
from SIRT3-deficient mice contain large amounts of heavily acetylated
proteins, suggesting that SIRT3 plays a role as a deacetylase. However,
the effects of mitochondrial acetylation are unclear because SIRT3 mice
are phenotypically normal. We attempt to determine the effects of mito-
chondrial acetylation by using SIRT?3 to deacetylate key mitochondrial
proteins. These include CPS1, a uric acid cycle protein that may be re-
sponsible for mediating the beneficial effects of calorie restriction rang-
ing from increased lifespan to lower cancer incidence. Unlike SIRT?3 de-
ficiency, SIRT6 deficiency results in a severe phenotype of progeria, or
premature aging. Mice lacking SIRT6 are physically smaller and develop
slower than wild-type mice. In addition, all of them die before reaching
one month of age. SIRT6 deficient cells have been found to contain high
levels of reactive oxygen species that may contribute to DNA instability
and the aging phenotype. This suggests that SIRT6 may be important in
antioxidant defense. We test whether or not SIRT6 is truly involved in an-
tioxidant defense. Preliminary survival assays reveal that SIRT6 deficient
cells exhibit increased sensitivity to oxidizing agents such as methyl meth-
anosulfate and hydrogen peroxide. The next step is to determine whether
or not antioxidants such as N-acetylcysteine can rescue such sensitivity.
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Jennifer Geldart Molecular and Cellular Biology
University of Massachusetts Boston 2010 jennifer.geldart001 @umb.edu

SPO71 is required for proper spore

morphogenesis in S. cerevisiae
The Huang laboratory, Huang Lab Department of Biology, University of
Massachusetts Boston, 100 Morrisey Boulevard, Boston, MA 02125

I am interested in understanding how morphogenesis is controlled and
have been working in the Huang lab, which uses sporulation in Saccha-
romyces cerevisiae as a model system for studying this question. During
sporulation, cells undergo meiosis and package the meiotic products dur-
ing spore morphogenesis, leading to the formation of four spores within
an ascus. Spore morphogenesis begins as meiosis is completed, starting
with the growth of a prospore membrane that surrounds each of the
meiotic products. The prospore membrane is used as a template for the
proper deposition of the four spore wall layers. We are interested under-
standing how these events are properly regulated, and have focused our
studies on the SPO71 gene. Cells lacking SPO71 go through meiosis;
however no spores are produced and the first three layers of the spore wall
are deposited incorrectly. We know SPO71 is required for spore morpho-
genesis, but its specific function within sporulation remains unknown.
Through the use of fluorescent markers, we are examining development
of the spore wall and the prospore membrane. Additionally, we are car-
rying out structure function studies, to determine which domains within
Spo71p are necessary and or sufficient for proper spore formation.

Johnny Hu Molecular and Cellular Biology
Harvard University 2011 jhu@fas.harvard.edu

Structural and Biochemical Study of the Bacillus Cereus

Mini-Chromososme Maintenance Protein Complex
The Jeruzalmi laboratory, Department of
Molecular and Cellular Biology

Mini-Chromosome Maintenance (MCM) protein complexes are es-
sential to DNA replication in eukaryotes and archaea and are believed
to act as the replicative DNA helicase. However, the exact mechanism by
which MCM proteins unwind DNA is unknown, and a number of mys-
teries and paradoxes remain unsolved. The Basillus cereus MCM gene,
found during a database search for homologs of the eukaryotic MCM
complex, provides a novel system to study this gene, and T have been inves-
tigating the biochemical and structural properties of the protein. Thus far,
I have successfully cloned the gene, transformed it into E. coli, expressed
and purified the protein, and have identified a potential crystallization
condition. The crystal obtained of the N-terminus region of B-cMCM
successfully diffracted, and we are currently optimizing the crystallization
conditions as well as planning a number of biochemical studies. Success-
fully solving the structure of the protein could help us understand the
mechanism by which eukaryotic DNA is unwound at the beginning of
every replication cycle.

Alexia Hwang
Harvard 2011

Molecular and Cellular Biology
abwang@fas.harvard.edu

An Investigation into the Use of an Antisense Drug
Genasense, G3139, to Enhance Chemosensitivity in D3
Bak-/Bax- Double Knockout Mouse Embryonic Kidney

Cells to the Chemotherapeutic Drug Gemcitabine
The Stein laboratory, Montefiore Medical Center

Purpose: G3139, or Genasense, is an 18-mer phosphorothioate oli-
gonucleotide that is complementary to the first six codons of the bcl-2
mRNA. G3139 inhibits the production and hence the function of the
bel-2 protein, an anti-apoptotic protein. Therefore, it was thought that
G3139 would enhance the chemosensitivity of D3 (Bak-/Bax-) Double-
Knockout Mouse Embryonic Kidney (MEK) cells. Experimental Design:
Proliferation of D3 MEK cells was observed over a 2-, 4-, 6- day period
by MTT. Cells were treated either with Gemcitabine (Gemzar®), a che-
motherapeutic drug, or with both G3139 and gemcitabine. At the end
of each incubation period, cells were read by a micro-plate reader as de-
scribed in the Material and Methods. In addition, cellular apoptosis was
measured by Annexin V using a flow cytometer. Results: The data showed
no substantial difference in chemosensitization or apoptosis in the cells
treated with both drugs as opposed to the cells treated with gemcitabine
alone. Conclusions: Contrary to the hypothesis, the combination of
G3139 and gemcitabine did not significantly increase apoptosis in D3
MEK cells. This may have occurred because gemcitabine’s potency is not
wholly dependent on bel-2 protein level. Another reason why the two
therapies did not synergize may be because the D3 Double-Knockout
MEK cell line lacked Bax protein expression, a protein which has been
shown to improve response to Gemcitabine therapy.

David Kopelman
Harvard 2009

Molecular and Cellular Biology
kopelman@fas.harvard.edn

Y-Box Binding Protein 1 is a Novel Target of Granzyme A
The Lieberman laboratory, Inmune Disease
Institute, Harvard Medical School

Granzymes are serine proteases in the granules of cytotoxic T lympho-
cytes (CTL) and natural killer (NK) cells that induce cell death during
an immune response. In particular, Granzyme A (GzmA) is unique in its
ability to initiate caspase-independent cell death that is morphologically
indistinguishable from apoptosis. Once endocytosed by an infected cell
that has been targeted for elimination, GzmA cleaves a number of pro-
teins inside the cell, including multiple components of the SET complex.
The Lieberman lab performed a series of yeast two-hybrid screens that
identified Y-box binding protein 1 (YB-1) as a protein that specifically
interacts with two SET complex proteins, SET and pp32. We investigated
the possibility that YB-1 is also a substrate of GzmA. Treatment of lysates
from HeLa cells over-expressing YB-1 with GzmA demonstrated a time-
and dose-dependent response. Cell loading experiments, in which live
K562 cells were treated with GzmA and perforin (PFN), a pore-forming
protein essential for granzyme-entry into target cells, produced similar
results, confirming the in vivo relevance of our findings. Having deter-
mined that YB-1 is a substrate of GzmA, we then sought to characterize
the cleavage site. To this end we purified recombinant YB-1 protein us-
ing a GST fusion protein system expressed in E. coli. Purified YB-1 was
cleaved by GzmA in order to isolate the cleavage fragments, which were
submitted for terminal end sequencing. This work presents our efforts to
further understand the unique function of GzmA in the immune system.
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Dayan Li
Harvard College 2011

The Sonic Hedgehog Relay: Clarifying

Cdo and Boc receptor function in the

Molecular and Cellular Biology
dli@fas.harvard.edu

sonic hedgehog signaling pathway
The McMahon laboratory, Harvard Department
of Molecular and Cellular Biology

The Sonic Hedgehog (Shh) protein plays a significant role in direct-
ing the formation of tissues and organs in the development of the em-
bryo. By establishing a concentration gradient across tissues, Shh influ-
ences the fate of progenitor cells in developmental processes such as digit
specification and neural cell differentiation. Therefore, investigating the
cellular response to Shh levels reveals how Shh regulates such develop-
mental processes and how they go awry in birth defects and cancer. To
this end, it is important to explore the interactions between cell surface
receptor proteins and the Shh protein. In this project, we focus on two
of the various Shh receptors — Cdo and Boc. Efforts are needed to clarify
their mechanism of function, their relative contribution to signaling, and
their interactions with Shh. Through transfections, receptor expression is
knocked down and/or overexpressed in cells, whose response is quantified
by the luminescence of a reporter gene. So far, knockdown results have
confirmed the inductive functions of both receptors; overexpression ex-
periments have suggested the possibility of Cdo and Boc as having addi-
tive rather than redundant roles. In future experiments, live imagery will
be used to observe changes in cell surface distributions of the receptors as

they bind to Shh.

Patrick Li
Harvard 2012

The Effect of Rat Fibroblast Necrosis on

Periodontal Bone Resorption
The Kawai laboratory, The Forsyth Dental Institute

Molecular and Cellular Biology
li16@fas.harvard.edu

I experienced alveolar bone loss after damage caused by tooth trauma
and sought to understand the molecular mechanism and possible therapy
for the prevention of the bone resorption. The aim of the present study in-
cluded two parts. In the first part, the rat gingival fibroblasts were subject-
ed to mechanical pressure. Confocal microscopy was used to examine the
pressure-induced fibroblast necrosis. The ELISA (Enzyme-Linked Immu-
nosorbent Assay) was performed to test for the release of a bone resorp-
tive cytokine RANK-L (Receptor Activator of NF-xB Ligand) from the
mechanically perturbed fibroblasts. The TRAP (Tartrate Resistant Acid
Phosphatase) staining assay was employed to detect and quantify differ-
entiated osteoclasts, the cells responsible for bone loss. In the second part
of the study, a new technology called RNA interference (RNAi) was used
to knockdown RANK-L expression. A small interfering RNA (siRNA)
was synthesized based on the RANK-L mRNA sequence and transfected
into the fibroblasts. RT-PCR (Reverse Transcriptase-Polymerase Chain
Reaction) and ELISA were performed to detect RANK-L in the presence
or absence of RANK-L siRNA. Although further experiments are ongo-
ing to complete the study, I have demonstrated that 1) an in-vitro model
of fibroblast trauma was successfully established and can be used for the
analysis of molecular mechanisms of tooth trauma-induced bone resorp-
tion; 2) gingival fibroblasts injury caused by mechanical pressure released
RANK-L from the cells; 3) the released RANK-L appeared to stimulate
osteoclast maturation; 4) The siRNA targeting of RANK-L inhibited
RANK-L expression.

BURS Abstract Book 2009
Jiajie Lu Molecular and Cellular Biology
Harvard 2011 Jiajieln@fas.harvard.edu

Nonpathogenic New World Arenaviruses Utilize

Variants of Human Transferrin Receptor 1
The Choe laboratory, Children’s Hospital, HMS

The New World (NW) arenaviruses are RNA viruses that can cause
severe disease in humans. They spread to humans from their natural res-
ervoirs, which are typically small rodents in South America. Four NW
arenaviruses are pathogenic to humans. The Amapari (AMAV) and Tac-
aribe (TCRV) viruses are closely related to the four pathogenic NW are-
naviruses, but AMAV and TCRV do not cause disease in humans. The
pathogenic NW arenaviruses use human transferrin receptor 1 (RTfR1),
and this correlates with their ability to cause hemorrhagic fevers. Recent
studies have shown that although AMAV and TCRV cannot use hTfR1
to infect cells, they can use animal forms of TfR1. Here, we used mu-
tational studies to show that variants of hTfR1 can support the infec-
tion of viruses bearing the surface proteins of AMAV and TACV (called
‘pseudoviruses’). Exchanging only two amino acids in hTfR1 for amino
acids found in the same position in animal TfR1 converted hfR1 into an
efficient receptor for TCRV pseudoviruses. Altering four residues in this
region of hTfR1 converted it into an efficient receptor for both AMAV
and TCRYV pseudoviruses. Our studies shed light on arenavirus evolution
and the potential for two nonpathogenic arenaviruses to emerge as hu-
man pathogens.

Mandana Manzari Molecular and Cellular Biology
Massachusetts Institute of Technology 2010 manzari@mit.edy

Analysis of Epidermal Growth Factor Receptor
Signaling Following Combination Treatment with

Monoclonal Antibody-based Therapeutics
The Wittrup laboratory, MIT Chemical Engineering

The development of effective anti-EGFR (epidermal growth factor re-
ceptor) therapeutics is a major focus of current pharmocology research
and may have profound implications in the lives of cancer patients. Two
types of therapeutics have been established to target EGFR: antibody-
based drugs and tyrosine kinase inhibitors. While current antibody ther-
apies rely on competition with growth factor ligands or immune effector
function, our study hopes to exploit cells’ inherent endocytic machinery
to reduce the amount of EGFR that is expressed on the surface of cancer
cells. The study of the downstream effects of combination antibody treat-
ments in vitro will determine whether the reduction of surface EGFR cor-
relates with a change in associated signaling cascades. This will be done
through the use of quantitative immunoblotting experiments that will as-
sess EGFR and signaling protein phosphorylation levels following treat-
ment with combinations of monoclonal antibodies, and later with bispe-
cific antibodies developed by the Wittrup lab. According to our data,
protein phosphorylation, a read-out of signal activation, decreases over
time as the amount of surface-bound EGFR decreases in cells treated with
combinations of antibody-based therapeutics. The findings from this
work will enhance our understanding of the effects of combination anti-
body treatments and provide further mechanistic validation for the use of
combination therapy, and inform the design of novel bispecific antibody
constructs that we hope would demonstrate improved clinical efficacy.
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A genome-wide survey of miRNA stability
The Lu laboratory, The Broad Institute

MicroRNAs (miRNAs) are a class of small non-coding RNAs that are
post-transcriptional regulators of gene expression. The importance of mi-
croRNAs have been demonstrated across various cellular processes and
in diseases, such as cancer. However, little is known about the stability of
miRNAs in cells. In this study, we use genome-wide microRNA profiling
to study miRNA half-life in multiple cancer cell lines. Surprisingly, we
find that miRNAs have long half-lives, with most of them showing mini-
mal degradation over a course of 24 hours. Moreover, there is no miRNA
that displays a short half-life. In contrast, some protein-coding cellular
regulators, such as transcription factors c-myc and c-myb, show a fast de-
grading kinetics, with a half-life of less than 2 hours. Our study demon-
strates that miRNAs in general have high stability in cells and highlights
the difference in regulatory mechanisms on miRNAs and transcription

factors.
Whitney Mublestein Molecular and Cellular Biology
Harvard 2010 wmublest@fas.harvard.edu

Reprogramming Mouse Embryonic
Fibroblasts into Pancreatic Progenitors

Through the Use of Defined Factors
The Melton laboratory, The Stem Cell and Regenerative
Biology Department of Harvard University

Embryonic stem cells are the precursors of every cell in the human
body. The ability of these cells to differentiate into any cell type, com-
bined with the ability to grow indefinitely while maintaining this pluri-
potency, makes a stem cell-base therapy a prime target for the treatment of
conditions like Alzheimer’s disease, spinal chord injury, or diabetes. The
goal of the Melton lab is to use stem cells to make beta cells, the insulin-
secreting cells of the pancreas that are non-functional in patients with
Type I diabetes. It has been shown that human and mouse fibroblasts
can be reprogrammed to a stem-cell like state through the viral introduc-
tion of several transcription factors that are highly upregulated in human
and mouse stem cells. Theoretically, a diabetic patient’s fibroblast can be
reprogrammed into a stem cell, differentiated into a functioning beta cell,
and then implanted in the patient. We propose that these same principles
can allow us to bypass the stem cell step, allowing us to reprogram direct-
ly between terminally differentiated cell types. By introducing various
transcription factors that are important in pancreatic development into
mouse embryonic fibroblasts, we hope to be able to reprogram fibroblasts
directly into mouse pancreatic precursor cells.

Molecular and Cellular Biology
nguyenthao86us@yahoo.com

ThaoNguyen Nguyen
University of Massachusetts Boston 2009

The role of inositol phospholipids in regulating the

signaling functions of non-visual arrestin in Drosophila
The Veraksa laboratory, University of Massachusett Boston

Non-visual arrestins have been characterized as adaptors that internal-
ize and regulate the signaling and trafficking of G protein coupled recep-
tors (GPCRs) and several other classes of receptors in mammals. Regu-
lation of GPCR signaling by non-visual arrestins requires interactions
with certain phosphoinositides. In Drosophila, non-visual arrestins are
represented by a single protein, Kurtz (Krz). Interactions between Krz
and phosphoinositides have not been previously reported. In the present
study, we hypothesized that Krz will interact with inositol phospholip-
ids and set out to determine which phosphoinositides Krz preferentially
binds. A fusion of Krz with GST has been made and transformed into
E. coli to produce GST-Krz protein. The GST-Krz protein was purified
and used for in vitro protein/lipid interaction assays to determine which
inositol phospholipids Krz prefers to bind. We are using commercially
available panels of inositol phospholipids immobilized on a nitrocellulose
membrane. These membranes are probed with a GST-Krz fusion protein.
The strength of the interaction is quantified from the signal developed as
a standard Western blot. Preliminary results show that Krz preferentially
binds to single inositol phospholipids, with weaker binding of multiply
phosphorylated isoforms. We have also generated several mutant forms of
Krz that are predicted to lower the affinity of the Krz protein for inositol
phospholipids. Our result showed that mutant forms of Krz reduced the
binding of Krz protein to inositol phospholipids. Expression constructs
of the Krz mutant forms were created and would be used to make trans-
genic Drosophila. These transgenic lines will be used to determine wheth-
er they are capable of rescuing krz mutant phenotypes, as well as in other
functional studies. We anticipate that the results of this study will advance
our understanding of the involvement of phosphoinositol phospholipids
in regulating signaling functions of non-visual arrestins.

Chiamaka Nwakeze
Harvard College 2010

Molecular and Cellular Biology
cnwakeze@gmail.com

Examination of potential inflammatory
mechanisms involved in angiotensin-II-

dependent neurogenic hypertension
The Davisson laboratory, Cornell University
and Weill Cornell Medical College

Abstract: Angiotensin II (Ang-II) affects cardiovascular function by
activating CNS neurons located in specialized regions termed circum-
ventricular organs (CVOs). While it is well-established that Ang-IT de-
pendent hypertension involves the subfornical organ (SFO), a prominent
forebrain CVO, the precise molecular mechanisms involved are un-
known. Recent studies have suggested a role for cyclooxygenase (COX)-
derived prostaglandins in Ang-II signaling in peripheral cardiovascular
sites. COX enzymes (COX-1 and COX-2) catalyze the first step of the
conversion of arachidonic acid into various prostaglandins that each act
on one or more receptors. Evidence in our lab has suggested that COX-
1-derived PGE2acting on EPIR is involved in the actions of Ang-II in
SFO neurons. In this study, we tested if COX-1 in the SFO is important
for the development of chronic Ang-II hypertension. First, immunohis-
tochemistry studies revealed robust COX-1 expression in the SFO. Next,
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after determining the optimum parameters for measuring blood pressure
in mice using radiotelemetry, we monitored mean arterial pressure in
COX-1-/- and wild-type controls before, during, and after chronic slow-
pressor infusion of Ang-II, known to be an excellent model of human es-
sential hypertension. Our data during the first week of Ang-II infusion
demonstrates that Ang-II-induced increases in pressure are inhibited in
COX-1-/- mice at these early time points. These studies suggest that
COX-1-derived prostaglandins might play an important role in the
pathogenesis of Ang-II-dependent hypertension, and will be important

for understanding the mechanisms of neurogenic hypertension.

Zachary Piccioli
Boston College 2009

Molecular and Cellular Biology
zpiccioli@gmail.com

Studies on the nuclear localization of E7 oncoprotein

of low-risk human papillomavirus type 11
The Moroianu laboratory, Boston College

E7 is the major transforming protein of human papillomaviruses
(HPVs). We have previously discovered that high risk HPV16 E7 enters
the nucleus via a novel Ran-dependent pathway independent of nuclear
import receptors (Angeline et al., 2003) and has two nuclear localization
signals (NLSs) (Knapp et al., 2008).Here we investigated the nuclear lo-
calization of low risk HPV11 E7 protein using both 1) transfection assays
in HeLa cells with EGFP fusion plasmids containing 11E7 full length
and its domains and 2) nuclear import assays in digitonin-permeabilized
HeLa cells with GST fusion proteins containing 11E7 and its domains.
The data showed that EGFP-11E7, EGFP-11nE7 and EGFP-11cE7 lo-
calize mostly to the nucleus in HeLa cells after transient transfection, sug-
gesting that 11E7 may have two NLSs. Both the GST-11E7 and GST-
11cE7 were imported into the nucleus in digitonin-permeabilized HeLa
cells in the presence of cytosol. Surprisingly, the GST-11cE7 was not
imported into the nucleus in the presence of cytosol. Interestingly, both
the GST-11E7 and GST-11cE7 entered the nuclei of digitonin-perme-
abilized cells in the presence of Ran-GDP and in the absence of nuclear
import receptors. Moreover, RanG19V-GTP could substitute for Ran-
GDP in nuclear import of 11E7 and 11cE7 further suggesting that the
mechanism of nuclear entry is independent of import receptors. Indeed,
preliminary data show that 11E7 and its C domain interact with Phenyl-
Sepharose in a similar manner as the nuclear import receptors. Ongoing
studies focus on the role of Ran in 11E7 nuclear import and characteriza-
tion of the two novel NLSs of 11E7 protein.

BURS Abstract Book 2009
Sarah Shareef Molecular and Cellular Biology
Harvard College 2012 sshareef@fas.harvard.edu

A Novel Pathway Potentially Contributory to

the Pathophysiology of Prostate Cancer
The Strahlendorf laboratory, Texas Tech Health Sciences Center

As prostate cancer claims the highest incidence of cancer amongst men
in 2007, the need for better cancer treatments grows. Differentiation
therapy has provided an alternative solution to current low efficacy, high
side-effect inducing chemotherapeutic treatments. However, mechanisms
involved in prostate cancer cell differentiation are not fully understood.
Caspase-3 has been shown to be essential for cell differentiation in cells
such as Bergmann glia astrocytes in the cerebellum. Our objective was to
investigate the role of capase-3 in prostate cancer cell (PC3) differentia-
tion. Cell differentiation was induced with combinations of vitamin D3,
retinoic acid, sodium phenylacetate, and sodium butyrate. Treatment of
PC3 with vitamin D3 and retinoic acid induced intermediate stages of
differentiation, while sodium phenylacetate induced a late stage of dif-
ferentiation. Stimulating PC3 differentiation was associated with in-
creased level of caspase-3 expression. Incubation with FK025, a caspase-3
inhibitor, led to a decrease in caspase-3 expression and to a reduction in
keratin 8 and 19 differentiation markers. The anti-differentiating effects
of FK025 were apparent as judged by cell morphology, cell count, and an-
tigenicity of the PC3 cells. An increase in the percentage of proliferative
cells by treatment with FK025 suggests caspase-3 may aid cells in exiting
cell cycle. The discovery of this novel function of caspase-3 demonstrates
great potential for improvement of differentiation therapy for all cancer
patients.

Carol Sub
Harvard 2011

Molecular and Cellular Biology
carolsub@fas.harvard.edu

Regulation of Stem Cell Fate by the

Ubiquitin-Proteasome System
The Scadden laboratory, Harvard Stem Cell Institute
, Massachusetts General Hospital

During development, differentiation of cells into separate lineages is
controlled by tissue-specific gene expression patterns that are regulated
by a combination of transcriptional, epigenetic, and translational events.
However, the regulation of protein degradation, controlled by the ubig-
uitin-proteasome system (UPS), is now suspected to play an important
role in controlling transcription and differentiation. In order to under-
stand the role of ubiquitination in regulating stem cell differentiation, hu-
man embryonic stem cell derived mesenchymal stem cells (hES-MSCs)
were used as a model system. MSCs have great therapeutic potential and
can differentiate into osteoblasts, chondrocytes, adipocytes, and neu-
rons. By using a set of genetic and pharmacological tools, we will develop
a novel system to identify nuclear protein degradation sites. Initially we
will focus on analyzing protein degradation in the vicinity of loci encod-
ing for transcription factors that are required for MSC maintenance and
differentiation. Western blots and immunohistochemical analyses were
conducted to validate our system. Later we want to employ chromatin
immuno-precipitation (ChIP)-chip assays to identify nuclear degrada-
tion sites on a whole genome level. Understanding the role of ubiquitina-
tion in MSC development may uncover new genetic sites for inducing
differentiation and controlling cellular maintenance.
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ABCBS Expression in Neurofibromatosis1-

Associated Tumors
The Frank laboratory, Children’s Hospital Boston

Neurofibromatosis1 (NF1) is one of the most common genetic discases
with a prevalence of 1 in 3,500 people. It is caused by germline muta-
tions in the neurofibromin (Nf1), a tumor suppressor gene, and is in-
herited in an autosomal dominant fashion. When a second inactivating
Nfl mutation occurs in somatic cells they give rise to multiple tumors,
which include dermal and plexiform neurofibromas 4-13% of plexiform
neurofibromas undergo malignant transformation and develop into ma-
lignant peripheral nerve sheath tumors (MPNST). MPNST are known
to originate from Schwann cells within plexiform neurofibromas, how-
ever the important question regarding the potential role of stem cells as
a driving force of tumor progression and resistance in this malignancy
remains to be elucidated. This project aims to determine whether a novel
melanoma stem cell marker ABCBS, which belongs to the family of mul-
tidrug resistance transporters, identifies a similar stem-like cell population
within MPNST. As the first step, we analyzed ABCBS expression in hu-
man MPNST cell lines, CRL-2884, CRL-2885, and CRL-2886, derived
from patients affected with NF1. Using FACS analysis we identified that
ABCBS is expressed on average by 8-18% of cells. Reverse-Transcriptase
PCR confirmed ABCBS expression on the mRNA level. In the future
we are planning to further dissect the functional role of ABCBS5-positive
cells within MPNST with rapamycin, which is known to inhibit growth
of these tumors in vitro and in vivo as well as examine the role of ABCBS5-
positive MPNST cells in tumor progression and resistance in vivo. We
hope that specific targeting of these cells will help to develop effective
therapies against NF1 associated tumors.

Christina Tartaglia
Harvard 2009

Molecular and Cellular Biology
ctartagl@fas.harvard.edu

Potential mechanism for the role of adjuvants using

a murine mouse model of multiple sclerosis.
The Strominger laboratory, Harrvard

The role of adjuvants is to stimulate the immune system to increase the
response to a vaccine. My research goals are investigate the efficiency of
cach adjuvant as a potential carrier for poly(FYAK)n or FYAK, which
may have implications for improving therapy of the disease. More broad-
ly, a study of the mechanistic role of these adjuvants in stimulating the im-
mune system has valuable implications for the development of vaccines,
which have been recently highlighted for their therapeutic as well as pre-
ventative capabilities in diseases including HIV, malaria, and cancer. In
this study it was found that novel copolymer FYAK, when administered
in conjunction with alum, resulted in a delayed onset of disease. These
results suggest that Imject Alum® effectively aided the copolymer, FYAK,
in suppression and delayed onset of EAE in SJL/J mice. This suggests that
an adjuvant may be necessary in order to see the effects of the copolymer.

Maureen Tong
UMass Boston 2009

Molecular and Cellular Biology
Maureen.Tong001 @umb.edu

Isolating Notch Protein Complexes Using SBP-

tag and Recombineering Technique
The Veraksa laboratory, Veraksa Lab

In Drosophila development, Notch signaling has an essential role in
neurogenesis, bristle and wing margin development. Notch function is
dependent on the neighboring cell context and is highly sensitive to gene
dosage. The activity of Notch is controlled at multiple levels by many reg-
ulatory proteins. Despite the importance of these regulatory factors, the
protein interactions of the endogenous Notch receptor have remained a
largely unexplored area in Notch signaling. We are using protein tagging
and affinity chromatography to isolate and characterize protein complex-
es containing Notch and associated components. The new recombineer-
ing and DNA integration techniques make it possible to manipulate large
genomic fragments and to introduce affinity tags into the 40 kb Notch
genomic locus. By this approach, Notch is modified by electroporation
of a recombineering cassette, which contains the tagand two flanking ho-
mology regions, into bacterial cells. In this project, we are using a small
but specific streptavidin binding peptide (SBP) to tag the Notch gene in
its native genomic context and to study the endogenous protein-protein
interactions that involve Notch.

Molecular and Cellular Biology
ktsanov@fas.harvard.edn

Kaloyan Tsanov
Harvard University 2009

An ES cell based system for rapid analysis of

developmentally regulated enhancer elements
The McMahon laboratory, Department of Molecular
and Cellular Biology, Harvard University

Metazoan development requires the tightly orchestrated spatial and
temporal regulation of gene expression. To a large extent, this exquisite
control is exerted through the interaction between transcription factors
(TFs) and specific DNA sequences known as cis-regulatory modules
(CRMs). With the recent availability of whole-genome sequences for
several model organisms, it is now possible to computationally predict
and experimentally map regions in the genome that may perform gene
regulatory function. Such large-scale identification of putative CRMs
has highlighted the need for experimental systems that allow for fast and
cost-effective characterization of predicted CRM:s in a specific develop-
mental context. Here we describe a novel embryonic stem (ES) cell based
system for rapid analysis of potential CRMs in the mouse. W utilize ES-
cell engineering to introduce putative enhancers into a defined genomic
locus with high efficiency. Properly targeted ES cells can subsequently be
assayed for enhancer activity using an in vitro differentiation system. As
a proof-of-principle, we analyzed a previously described developmentally
regulated enhancer located at the locus of the neuronal fate determinant
Nkx2.2. Consistent with previous in vivo studies, we demonstrate cor-
relation between endogenous and reporter gene expression for the wild-
type enhancer, as well as loss of reporter expression upon deletion of a
critical TF binding site for Gli proteins. In addition, further characteriza-
tion of the Nkx2.2 enhancer was performed through a series of mutations
and truncations based upon comparative sequence analysis. Our results
support the use of ES cells as a platform for testing putative regulatory ele-
ments in the mouse. In addition to being scalable and cost-effective, this
ES cell based approach has several advantages over current methodologies
in that it interrogates putative CRMs at a defined genomic locus and al-
lows for quick perturbation analysis via DNA mutagenesis and pharma-

-36-cological modulation of specific signaling pathways.



Molecular and Cellular Biology BURS Abstract Book 2009
Chiedozie Uwandn Molecular and Cellular Biology ~ Roshini Zachariah Molecular and Cellular Biology
University of Massachusetts Boston 2010 edozie007@yahoo.com  MIT 2009 roshini@mit.edu

An orphan kinesin in regulating cell division

and growth in Arabidopsis thaliana.
The Col6n-Carmona laboratory, Dana Farber

Kinesins are mechanochemical proteins that utilize the free energy of
ATP hydrolysis to power their movement across microtubules. Kinesins
are important for cell division because they facilitate spindle orientation
and chromosome separation. The plant model system Arabidopsis thali-
ana has 61 kinesin genes, as compared to 45 in humans, 6 in Saccharomy-
ces cerevisiae and 24 in Drosophila melanogaster. A possible reason for
why Arabidopsis thaliana has such a high number of kinesin genes could
be due to the vast array of plant-specific microtubule-associated processes
that may require additional kinesins, such as in the formation of the pre-
prophase band or the phragmoplast. Here, the kinesin, AT5G66310, a
N-terminal motor kinesin, was studied. To begin to dissect functions for
AT5G66310, specifically its role in cell division and growth, transfer-
DNA (T-DNA) insertional mutants were identified and characterized.
Five different alleles of are being characterized. Due to the antibiotic re-
sistance conferred by the T-DNA insertions, it is possible to select for
plants homozygous for the inserts and characterize their phenotypic and
genotypic expressions. If AT5G66310 is important in cell division and
growth, certain phenotypes such as deformed organs as well as improp-
erly oriented microtubules, improperly formed cells and decreased cell
numbers are expected. Upon examination of these expected phenotypic
variations in the mutant alleles, it will be possible to conclude if kinesin
AT5G66310 is important in regulating cell growth and division.

Caterina Yuan
Harvard College 2011

Molecular and Cellular Biology
cyvan@fas.harvard.edu

Regulation of the cell wall hydrolase, RipA,

in Mycobacterium tuberculosis.
The Rubin laboratory, HSPH

Tuberculosis, the world’s deadliest bacterial disease, kills 2 million
people annually, and is caused by the bacterium Mycobacterium tuber-
culosis. To combat widespread drug resistance, new antibiotics are des-
perately needed. One potential target is RipA, an essential cell wall hy-
drolase. RipA degrades a cell wall component called peptidoglycan, and
is required for division and growth of M. tuberculosis. Recent work has
demonstrated that RipA binds to two cell wall remodeling enzymes, the
lysozyme RpfB and peptidoglycan synthase Pbp1. While the RipA-RpfB
complex synergistically degrades the cell wall, this synergy is blocked by
the presence of Pbpl. We hypothesize that the RpfB-RipA and Pbpl-
RipA interactions are mutually exclusive, and that such a relationship
may represent a model for post-translational regulation of RipA activity
during growth. To test this hypothesis, we employed in vitro biochemical
and in vivo genetic approaches. In the biochemical approach, we utilized
purified RipA, RpfB, and Pbp1. By titrating in increasing concentrations
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Peroxiredoxin and Sulfiredoxin: Interaction

and Expression in Selected Cell Lines
The Thilly laboratory, Irvine Lab

Peroxiredoxins are a family of anti-oxidant enzymes found in mam-
malian cells that control cellular levels of peroxides, thus affecting signal
transduction as well as mediating levels of peroxides. Peroxiredoxins re-
duce the peroxide substrate by converting a redox-active cystein residue
into a sulfenic acid. Thioredoxin and sulfiredoxin are two known enzymes
that interact with peroxiredoxins to reduce the catalytic cysteine residue
from its oxidized state, although sulfiredoxin is only known to interact
with 2-Cys peroxiredoxins. Since peroxiredoxins reduce levels of reactive
oxygen species (ROS), they play an important part in cell metabolism.
However, peroxides are also used in signal transduction, thus peroxire-
doxins (and by extension, thioredoxin and sulfiredoxin) may have roles
in signal transduction as well. Peroxiredoxin enzyme activity can be con
trolled by changes to its redox state and phosphorylation state. We com-
pared the endogenous expression of different peroxiredoxins through
RT-PCR in both 293T and A549 cell lines. Co-immunoprecipitation
was performed to confirm interaction of Prdx I and II with sulfiredoxin.
We also used ColIP to pulldown Prdx I to identify protein-protein inter-
action through silver staining. Endogenous mRNA levels of peroxiredox-
ins differed between 293T and A549 cells. Co-immunoprecipitation of
sulfiredoxin and silver staining of Prdx I confirmed interaction of sulfire-
doxin and Prdx I and II, and Prdx I and thioredoxin and sulfiredoxin. We
plan to look at protein-protein interactions with Prdx II through silver
staining and compare endogenous peroxiredoxin levels with endogenous

mRNA levels.

Yuemei (Amy) Zhang
Harvard 2012
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Sequencing of Artemia Franciscana mRNA for Ribosomal

Protein $15a and Ubiquitin-Conjugating Enzyme E2
The Brick laboratory, Waksman Student Scholars
Program of Rutgers University

Brine shrimp have many unique traits such as small size, a long dor-
mancy period, and the ability to survive under extreme conditions such
as high salinity and low oxygen concentrations. The goal of this project
was to sequence and analyze the mRNA, and by extension the exons, of
Artemia franciscana (brine shrimp) in order to enlarge the DNA database
for other scientists to compare their DNA sequences against, and to po-
tentially help determine the genetic mechanisms of brine shrimp, deter-
mine the genes (and proteins) that brine shrimp possess, and improve our
understanding of the evolutionary relationships of brine shrimp. A cDNA
library had previously been generated through reverse transcription of A.
franciscana mRNA and subsequent cloning of cDNA fragments into E.
coli hosts with the plasmid vector pIriplEx2. Plasmid DNA was then
isolated and amplified from selected E. coli colonies. DNA sequencing
and Blast were used to analyze specific cDNA sequences. The nucleotide
sequences identified coded for ribosomal protein S15a, a structural con-
stituent of the ribosome, and ubiquitin-conjugating protein E2, which
marks cellular proteins for degradation in ubiquitination.
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Rodent Somatosensory System as a

Model for Selective Attention
The Moore laboratory, The McGovern Institute

Many researchers of selective attention have used primate models to do
their investigations. However, there are several other animal models that
could be used. In particular, the rodent vibrissa sensory system demon-
strates a high-acuity across a variety of perceptual dimensions that makes
it ideal for attention studies. Here, we establish that a rodent model is an
attractive alternative to the primate model in selective attention experi-
ments. We designed a behavioral experiment whereby water-restricted
Sprague Dawley rats receive stimulation to two of their whiskers, one be-
ing the reward whisker and the other being neither risk nor reward. To get
the reward, the rats had to lick a water spout immediately reward whisker
stimulation. We found that the rats could learn the task very quickly and
consistently perform with high accuracy. Furthermore, we discovered that
the rats performed at the same level regardless of which whiskers were
chosen for the task. These results seem to suggest that Sprague Dawley
rats can discriminate between individual whiskers. If so, these findings are
very interesting because they open up the possibility of studying selective
attention with techniques that can easily be used in rodent but not pri-
mate studies, like two-photon microscopy or optogenetics.

Hannah Bedard
MIT 2011

Neuroscience

hlbedard@mit.edu

The Sensory System of Mice with Fragile X Syndrome

The Moore laboratory, The McGovern Institute for Brain Research

There has been a great deal of research surrounding the sensory system
of rodents, the whiskers. Yet, there has not been research studying the
whisker system of rodents with the FMR1 knockout disease. A rodent
with FMR1 knockout disease shows the behavioral symptoms of a human
with Fragile X syndrome. Some of the signs exhibited include deficits in
learning and memory, and behaviors similar to people with Autism and
mental retardation. People with Autism tend to avoid contact and are
extremely sensitive to touch. Since the whiskers are such a critical system
to rodents, Jason Ritt and his team of researchers have organized a project
to see how the disease affects the sensory system of these FMR1 knockout
rodents. I am working directly with Jason Ritt at the McGovern Institute
for Brain Research to study the whisker system of the rodents with the
FMRI knockout disease. In the trials I am conducting, the rodents are
observed while in a closed area. I am usinga high-speed recording device
to monitor the movement of these rodents during the trials. Due to the
knockout disease, it is hypothesized that these rodents will not touch the
walls as often as the wild type rodents. Another prediction is that the
velocity of the whiskers of the FMR knockout rodents will be slower than
the velocity of the wild type’s whiskers. In analyzing the data collected
in these trials, we will be able to confirm or change our hypothesis and
continue further in research.

Rachel Dabek
Emmanuel College 2009

Neuroscience
dabekra@emmanuel.edu

Learning to read by learning to sing — Evaluating

neural correlates of developmental dyslexia
The Kwiatkowski laboratory, Ph. D, Children’s Hospital

Introduction: Understanding language is a complex process. Children
with developmental dyslexia (DD) experience particular difficulties with
reading and appear to have weak representations of the sounds of lan-
guage, which makes it difficult to relate them to written language (Shay-
witz, 2001). Slowing-down and reproducing speech sounds can lead to
an improvement in auditory attentiveness and overall language percep-
tion (Tallal et al.,, 1996). The same complex mechanism (e.g. manipula-
tion of sounds) is a process fundamental to singing, suggesting a possible
method of improving the mechanisms underlying language and its defi-
cits. Research has shown that musicianship correlates positively with lan-
guage skills such as reading ability and phonological awareness (Gardiner,
Fox, Knowles, & Jeffrey, 1996; Lamb & Gregory, 1993). Tune In™ To
Reading (TIR) is a reading fluency software program that capitalizes on
this relationship, using singing to improve phonemic awareness, phonics,
vocabulary and comprehension in song choices matched to instructional
reading levels. The goal of this study is to examine the influence of TIR
on brain networks in struggling readers. It is hypothesized that singing
may activate those brain regions responsible for complex sound manipu-
lations, thus simultaneously improving reading-related skills and altering
functional activity in language and reading-related brain regions. Meth-
ods: Participants (ages 9 to 17) either with or without developmental
dyslexia are being invited to complete Tune In™ To Reading course. Par-
ticipants are characterized pre- and post-intervention using standardized
tests of reading, language, general cognitive as well as musical abilities.
Whole brain functional magnetic resonance imaging (fMRI) is employed
to compare the underlying neural networks in subjects pre- and post-in-
tervention. We are aiming to identify networks that account for deficits
of thythm and timing as seen in struggling readers. A better understand-
ing of the underlying mechanisms may help to build up early and / or new
intervention methods for children struggling to read.

Krum Dimitrov Neuroscience

UMASS Boston

krum_dimitrov@yahoo.com

Prior caffeine administration sensitizes D2 dopamine-

mediated behavior in 6-hydroxydopamine lesioned rats
The Pollack laboratory, Ph.D, UMASS Boston

Caffeine is a nonselective antagonist at adenosine receptors. In turn,
adenosine receptors interact with dopamine receptors in the brain to
regulate voluntary motor behavior — with adenosine antagonists and do-
pamine agonists stimulating motor activity. In unilaterally 6-hydroxydo-
pamine (6-OHDA) lesioned rats (a rodent model of Parkinson’s disease),
repeated treatment with dopamine agonists leads to behavioral sensitiza-
tion, such that animals demonstrate enhanced contralateral (away from
the lesioned side) rotational behavior when challenged with a low dose of
a D2 dopamine agonist. Since A2a adenosine receptors are co-localized
in the brain with D2 dopamine receptors, it was hypothesized that repeat-
ed treatment with the adenosine antagonist caffeine could sensitize D2
receptor-mediated behaviors in 6-OHDA rats. Male Sprague-Dawley
rats (275-325g) were lesioned with a stereotaxic injection of 6-OHDA.
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Three weeks later these animals were sensitized (primed) with three injec-
tions of caffeine (10 or 50 mg/kg, i.p.), spaced 4-5 days apart. One week
after third caffeine injection, 6-OHDA rats were challenged with the D2
agonist quinpirole (0.25 mg/kg), and contralateral rotational behavior
was measured for 110 minutes using an automated rotometer. 6-OH-
DA rats primed with high dose caffeine (50 mg/kg) showed significant
contralateral rotational behavior following challenge with low dose quin-
pirole - an effect that was not observed in 6-OHDA rats primed with low
dose caffeine (10 mg/kg) or water. These results suggest that blockade of
adenosine receptors alone can sensitize D2-mediated rotational behavior
in dopamine-depleted rats.

Allison Dobry
MIT 2012

Neuroengineering

dobrya@mit.edu

Multi-color and Genetically-targeted

Optical Neural Silencing
The Boyden laboratory, The MIT Media Lab

With most of our brain activity happening within the space of a few
milliseconds, it is difficult to accurately understand our ongoing neural
processes. As recording techniques are limited either spatially or tem-
porally and only reveal correlations in brain firing patterns, many scien-
tists have turned to direct activation and inactivation of neural circuits
to determine cause and effect relationships in the brain. Additionally,
direct control of neurons allows for treatment of neurological disorders
and discases that result from abnormal brain waves. Currently, there are
a few methods for neuronal control, but none are perfect. Ideally, the
best technique would allow ultrafast neuronal stimulation in the milli-
second timescale, and be noninvasive and spatially precise. This has been
the main goal of my lab, and as a result we have devised a way to optically
control neurons. This process is mediated by two rhodopsins, channel-
rhodopsin-2 (ChR2) and halorhodopsin (Halo). ChR2 is a light-gated
cation channel from Chlamydomonas reinhardtii, and halorhodopsin
is a light-driven chloride pump from the archaebacterium Natronomas
pharaonis. We inserted both the yellow light-driven Halo and blue light-
driven Chr2 into mammalian neurons, creating a Halo/ChR2 system in
which the neuron is reliably activated by blue light and inactivated by
yellow light in the millisecond timescale. In my work, I have extended
this system by screening for novel molecules that mediate light-induced
silencing of neurons, in response to multiple distinct colors of light. This
work will greatly expand our toolbox for cell-specific optical neural con-
trol, allowing for more precise yet flexible control of neural circuits, thus
opening up new vistas on neuroscience and pointing the way towards new
medical treatments for neurological and psychiatric disorders.

Ana Galeas
University of Massachusetts 2009

Neuroscience

ana.galeas@gmail.com

NMDA Glutamate Receptors Stimulation is
Required for the Development of D2- Dopamine

Mediated Behavioral Sensitization
The Pollack laboratory, Ronald McNair Program

We investigated the pharmacology underlying behavioral sensitiza-
tion in rats with unilateral 6-hydroxydopamine (6-OHDA) lesions, a rat
model of Parkinson’s disease. 6-OHDA rats exhibit enhanced contralat-
eral rotational behavior when treated repeatedly with dopamine agonists,
a phenomenon called “priming”. We investigated the role of N-methyl-
D-aspartate (NMDA) glutamate receptors in the development of D2 do-
pamine receptor-mediated behavioral sensitization. NMDA and D2 re-
ceptors are often co-localized in the brain, and their interaction may play
a role in behavioral sensitization. Three week post lesion, 6-OHDA rats
were treated with three injections, spaced 3-6 days apart, with water, D2
agonist quinpirole (Quin; 1 mg/kg) or NMDA antagonist MK801 (0.5,
0.1, 0.05 or 0.01 mg/kg)/(Quin 1 mg/kg). Seven days after the third
injection, animal were challenged with low dose Quin (0.25 mg/kg), and
contralateral and ipsilateral rotations were recorded using an automated
rotometer. In addition, abnormal involuntary movements (AIMs) were
scored by an observer every 5 minutes for 90 mins, using a rating scale 0-4,
for axial, locomotive, grooming, orolingual and limb AIMs. 6-OHDA
rats primed with Quin (1 mg/kg) and challenged with Quin (0.25 mg/
kg) displayed robust contralateral rotational behavior, with high scores
for axial and locomotive AIMs. In contrast, 6-OHDA rats primed with
water or MK801 (0.5-0.05 mg/kg)/Quin showed no or little contralat-
eral rotational behavior or contralateral AIMs. However, MK801-treated
animals displayed ipsilateral rotational behavior and ipsilateral locomo-
tive, axial, and limb AIMs. These results suggest that blocking NMDA
glutamate receptors prior to treatment with a D2 agonist inhibits the de-
velopment of D2-mediated behavioral sensitization.

Deborah Hanus
MIT 2011

Neuroscience

dbanus@mit.edu

Measuring spatial uncertainty and lateral

masking in perceptual crowding.
The Kanwisher laboratory, McGovern Institute for Brain Research

Perceptual crowding refers to the inability to correctly report a target
stimulus when it is surrounded by other irrelevant visual stimuli. Two
dominant theories explaining this perceptual deficit are integration fields,
in which surrounding irrelevant stimuli are fused and perceived instead
of the target (Pelli, 2007), and inadequate attentional resolution, in
which a surrounding stimuli is selected instead of the target (He, et al,,
1997). Here we assess which of these explanations accounts for crowding
by employing a visual selection task, in which are circular array of letters
is presented around the subjects peripheral vision. First, by varying the
distance between the target letter and the distractors, we find that both
integration fields and limited spatial resolution contribute to crowding.
We then manipulate the degree to which each component contributes
to the perceptual deficit by manipulating factors, such as the amount of
pre-cueing of the letter array and the eccentricity at which the letters are
presented.
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Visual Word Form Selectivity Is Influenced

by Attention and Reading Skill
The Gabrieli laboratory, Gabrieli Lab at MIT

The visual word form area (VWFA) is an area of the left fusiform cortex
that is consistently responsive to visual words in comparison to collec-
tions of individual letters or other images, but the mechanism by which
the VWFA is selective has not been conclusively established. This project
explored whether VWFA selectivity is moderated by attention and/or
reading skill. To localize the VWFA in a population of normally reading
adults, we selected left fusiform voxel clusters — the regions of interest
(ROIs)- in which there was greater activation for words than photo-
graphs of faces or houses. To test the effects of attention, subjects partici-
pated in a spatial cueing task that oriented their attention toward or away
from three types of stimuli (words, pseudowords, and consonant strings).
Subjects were separated into a higher and lower reading group based
on standardized reading tests. The lower-reading group did not exhibit
any significant differences in the VWFA activation to different types of
stimuli, with or without attention cueing. The higher-reading group had
significant interaction between the type of stimuli and attention cueing:
the better readers had more VWFA activation for words than consonants
when attention was directed away from the stimuli, but not when direct-
ed toward it. These results suggest that VWFA selectivity is influenced by
individual reading skills and attention.

Neuroscience

gsykim@mit.edu

Grace Kim
MIT 2009

Effect of MyoVa on Morphology of Retinal Ganglion Cells

The Constantine-Paton laboratory, McGovern Institute

During postnatal development of synaptic circuitry in the retina, reti-
nal ganglion cell dendrites, which are initially ramified throughout the in-
ner plexiform layer, become confined to sublaminae a and b, in an age and
experience-dependent manner. Some bistratified RGCs, which respond
to both onset and offset of light stimulation, further prune their dendrites
to become monostratified, sublamina-specific RGCs by P30. A potential
mechanism of visual experience-dependent refinement of RGC circuitry
requires PSD-95, a postsynaptic scaffolding molecule involved in regula-
tion of glutamatergic signaling during development. Myosin SA (MyoVa)
is thought to be involved in transport of PSD-95 among other synaptic
signaling molecules into dendritic spines for regulation of AMPA recep-
tor development. We hypothesize that the absence of MyoVa prevents
AMPA from entering the dendritic spines in an activity dependent man-
ner, thus retarding development of synaptic structure and function. The
flailer mouse model, a dominant negative mutant strain, was used to ex-
plore the validity of this developmental model of glutamatergic signaling
regulation, as well as the effect of MyoVa deficiency on the developmental
stratification of RGC dendritic arbor to ON or OFF sublaminae in the
IPL. Our data show that the MyoVa deficient flailer has retarded devel-
opment of RGC dendrite morphology as demonstrated by a greater per-
centage of bistratified and diffuse arborization.

Predicting and Detecting Seizures through

Automated Analysis of Facial Movements
The el Kaliouby laboratory, MIT Media Laboratory

People frequently describe seizures as “a bolt from the blue,” emphasiz-
ing the sudden way in which seizures strike. Episodes of staring, loss of
muscle control, or loss of consciousness can be life-threatening if symp-
toms occur while the individual is performing activities of daily living
such as driving a car, swimming, or climbing stairs. A method capable of
non-invasively forecasting seizures could significantly improve quality of
life for at-risk persons. The goal of this research is to establish and refine
a seizure prediction and detection algorithm by means of automated col-
lection and analysis of semiological video and autonomic features.Our
two-part hypothesis is as follows: 1) peri-ictal head and facial movements
as well as autonomic changes in pediatric epilepsy patients will predict
seizure onset; 2) automatically detected facial movements in children
with epileptic seizures will provide additional diagnostic and localizing
information. Preliminary video analysis suggests a number of indicators
related to head movement patterns in video that can be reliably linked to
seizure onset. We are collecting video data of patients at Children’s Hospi-
tal and Brigham & Women’s Hospital before and during seizure onset. We
will use this data to evaluate the use of tools developed at MIT’s Media
Laboratory for measuring facial expressions prior to and during epileptic
seizures. The results of the video analysis will then be used to help charac-
terize the ictal onset zone for the presurgical workup of epilepsy patients.

Neuroscience

Jaspreetsingh@live.ca

Jaspreet Singh Mangat
Harvard Summer 2010

Lineage Selection in Neural Subtypes Derived

from Human Embryonic Stem Cells
Dr. Ann Gcorgi, Life & Brain Center, Bonn: Germany

Neural stem cells (NSCs) have immense potential to differentiate into
various neuronal subtypes of the brain. A particular neuronal subtype of
great importance in disease modeling is the dopaminergic neuron of the
midbrain (mDA). A novel technique in the identification of neural stem
cell differentiation into immature mDA neurons is the incorporation of
Bacteria Artificial Chromosomes (BACs) into NSCs to identify check-
points along lineage differentiation. In this study, a SOX-1 GFP BAC was
used as a model system for the nucleofection of BACs into NSCs. SOX-1
GFP was effectively isolated and nucleofected into NSCs resulting in flu-
orescent green expression of SOX-1. As a result, BACs can be successfully
nucleofected into neural stem cells, opening a vast field for identifying
neuronal subtypes through the incorporation of cell specific BAC plas-
mids. As a second part of this study, immature dopaminergic neurons of
the midbrain (immature mDA neurons) were tested for cell survival post
fluorescent activated cell sorting (FACS) and cryopreservation. Inmuno-
histochemistry involving TH positive stainings indicate survival of mDA
neurons post FACS and upon thawing from cryopreservation. Thus, the
application of BACs into NSC:s for the identification of specific lincage
differentiation mechanisms serves as a fundamental stepping stone to-
wards disease modeling of the human brain.
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Investigating the role of 5-HT1B serotonin

receptors on aggression in Drosophila
The Kravitz laboratory, Harvard Medical School

From the Serengeti plains where survival motivates animals to attack
one another, to the streets of Broadway where rush hour road rage is as
common as the Starbucks on every corner, aggression is an unavoidable
phenomenon. Aggression, as with other behaviors, is intricately tied to
the nervous system. By studying this behavior in Drosophila melano-
gaster, we are able to examine the complex neural circuitry that controls
this behavior. The relationship between brain serotonin (5-HT) and ag-
gressive behavior has been well studied in mammals, but little is known
about this relationship in Drosophila. In previous studies, the manipula-
tion of the entire serotonin circuitry has yielded a mild phenotype. Thus,
studying the effects of one specific type of serotonin receptor seems to
be a valuable approach. The closest ortholog of the mammalian receptor
shown to be correlated to some psychological disorders is the d5-HT1B
serotonin receptor in Drosophila. To assess the role of 5-HT receptors in
the modulation of aggression, the GAL4/UAS system, a common genetic
tool, was used to over-express the 5-HT 1B serotonin receptors specifically
in the 5-HT1B-positive neurons. When an aggression assay was conduct-
ed, the two feuding male experimental flies displayed abnormal courtship
behavior (singing, mounting), but then proceeded to aggressive behavior.
Preliminary analysis of classical courtship and locomotion assays have not
shown many phenotypic differences between experimental and control
males. A more detailed analysis of the experiments conducted will con-
firm these initial conclusions and guide future studies.

Neuroscience

rengaraj@fas.harvard.edu

Sophie Rengarajan
Harvard 2010

Characterizing the Neuronal Basis of Habituation

to Electric Shocks in Zebrafish Larvae
The Engert laboratory, Harvard Department of MCB

Habituation, a form of non-associative learning, occurs when the
behavioral response of an organism to a repeated stimulus decreases or
ceases completely. Here, habituation to electric shocks is explored at the
behavioral and neuronal level in 5-7 day post-fertilization larval zebrafish
in order to establish a potential neural mechanism for habituation. Pre-
sentation of an electric shock results in the escape response: a robust and
stereotypical behavioral response where both freely swimming and head
embedded fish dramatically bend their tail to swim away from any aversive
stimulus. The behavior of head embedded larval zebrafish was monitored
during presentation of electric shocks of different intensities at several fre-
quencies to study the onset of habituation. In a different set of experiments
designed to seck and study a neuronal correlate for this habituation, fish
injected spinally with a calcium green dextran dye, which retroactively
labeled reticulo-spinal neurons, were imaged under an epifluorescence
microscope. Activity from the Mauthner cell, a reticulo-spinal neuron
known to play an important role during the escape response, and other
neurons was recorded during shocking. Through analysis of habituation
at the behavioral and neuronal level, my research seeks to understand how
neural processing after presentation of a stimulus affects how an organism
responds to its environment.

Testing New Ischemia Protocols on Synaptic

Transmission in Hippocampal Slices
The Maclver laboratory, Stanford University School of Medicine

Stroke remains a leading cause of morbidity and mortality in the
United States and currently available treatments are only palliative. A
lack of effective treatment is due partly to our limited understanding of
the mechanisms that producing neuronal damage associated with brain
ischemia. The present study used electrophysiological recording in brain
slices from the rat hippocampal CA1 region, a region known to be impor-
tant for learning and memory, and which has been shown to be strongly
impacted by ischemia. We investigated the short-term physiological ef-
fects of traditional oxygen glucose deprivation (OGD), and newer, more
physiologically relevant ODG solutions with altered ionic compositions
that reflect changes seen in vivo during stroke (ODG + low sodium and
high potassium; OGD+HiK), or high potassium alone (90 mM; HiK);
cither in the presence or absence of calcium (low Ca + high Mg; CaMg).
We also investigated electrophysiologically the findings that isoflurane
decreases cell death and stress post-ischemia. A five minute exposure to
OGD solution produced a complete depression of synaptic transmission,
measured using Schaffer-collateral to CA1 neuron evoked population
spike (PS) amplitudes. Full recovery from this depression occurred with-
in 10 min following reperfusion with normal solution. OGD+HiK solu-
tion exposure also completely depressed PS amplitudes, and only partial
recover of response amplitudes were seen on rcpcrfusion. HiK solution
completely mimicked the OGD+HIK effect, indicating that the elevated
potassium alone was sufficient to produce irreversible damage. Removing
Ca from the reperfusion solution improved the speed of recovery from
HiK exposure, but did not improve the degree of recovery. Moreover, ap-
plication of isoflurane either during ischemia or post-ischemia worsened
electrophysiological recovery. These results indicate that the increase in
potassium concentrations during ischemia appears to be the major con-
tributing factor to neuronal damage. The lack of a protective effect of
CaMg solution during reperfusion suggests that the flow of calcium into
cells during ischemia, including excitotoxic entry via NMDA receptor
activation, does not contribute substantially to neuronal damage. This is
consistent with the lack of protection seen in clinical trials of NMDA and
calcium antagonists. The results also suggest that while isoflurane may be
neuroprotective in the long term, it worsens cellular response in the short
term post-ischemia.
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Using mesenchymal stromal cells as

a therapy for glioblastoma
The Carroll laboratory, Brigham and Women’s Hospital

Glioblastoma multiforme (GBM) is a devastating brain tumor, and
current therapies do not provide sufficient treatment, as the tumors are
inevitably lethal. The major issue is the recurrence and invasiveness of the
tumor due to the migration and scattering of tumor cells into the brain.
A promising therapeutic solution is the direct targeting and eradication
of these tumor cells by genetically modified cellular vectors. Human bone
marrow-derived mesenchymal stromal cells (hMSC) possess the unique
and remarkable ability to do this, as they target and migrate towards tu-
mor cells. In this study, we use genetically modified hMSC as therapeutic
delivery vehicles to produce biological agents at the GBM tumor site. The
hMSC were transduced with a lentiviral vector to express PEX (hMSC-
PEX), a protein that acts as an inhibitor of tumor angiogenesis, prolif-
eration, and migration. Cytotoxicity assays and co-cultures of GBM cells
with the A(MSC-PEX resulted in the inhibition of tumor cell growth. Mi-
gration assays in vitro confirmed that hMSC-PEX cells retain their tumor
tropism. In vivo experiments in mice are currently being conducted to
evaluate the migration of A(MSC-PEX cells and their therapeutic efficacy.
Labeling of hAMSC with Feridex, a superparamagnetic iron oxide contrast
agent, allows for monitoring and tracking of these cells in real time by
MRI. Future directions include translation of this approach for use in a
clinical trial in GBM patients. This rescarch provides promise for an effec-
tive treatment that can improve patients’ survival and quality of life.

Nirupama Yechoor Neuroscience and Psychology
MIT 2010 nyechoor@mit.edu

The Role of the Dopamine 5 Receptor in
Hippocampal Dependent Learning and Memory

The Tonegawa laboratory, The Picower Institute
for Learning and Memory

The neurotransmitter, dopamine, is implicated in hippocampal depen-
dent memory consolidation. When the brain cannot properly utilize dop-
amine, diseases such as Parkinson’s and Schizophrenia develop. Although
much is known about the development of these diseases, less is known
about dopamine’s role in learning and memory. The dopamine 1 (D1)
and dopamine 5 (D5) receptors are considered important in mediating
memory consolidation, but due to a high-degree of sequence homology,
existing pharmacological agents cannot differentiate between the recep-
tors. To examine the specific contributions, our lab created mice with a
genetic deletion of the D5 receptor in the hippocampus. We performed
two behavioral studies to observe how transgenic mice differ from con-
trol mice. The first experiment tests associative learning using context fear
conditioning. Results show that knockout mice acquire the association
faster than controls, but their extinction for the memory is attenuated. In
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order to test spatial learning we performed the Morris Water Maze, and
observed that during the first probe trial, knockouts spend significantly
more time in the target quadrant. Eventually, control mice acquire the
spatial memory, and no difference was observed between either group
of mice by the third probe. Finally, we studied neuronal plasticity by ex-
amining the physiology of hippocampal slices. Although no presynaptic
differences were detected, knockout mice showed lowered postsynaptic
basal activity. Our data suggest that while the loss of the Dopamine 5 re-
ceptor does not alter carly forms of synaptic plasticity, the acquisition of
hippocampal dependent learning and memory seems to be enhanced.
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The roles of age and experience in the development

of nursing in the ant Pheidole dentata
The Traniello laboratory, Boston University

Temporal polyethism, or age-related task performance, plays an impor-
tant role in the organization of labor for many social insects. In most ant
species, young workers perform tasks within the nest and progress to per-
forming tasks outside of the nest as they age. One such task is the tending
of brood. This study examines the relative roles of age and experience in
the development of brood-tending efficiency in Pheidole dentata minor
workers. While studies show that minor worker age is correlated with in-
creased nursing efficiency, the importance of age and brood-care experi-
ence, which may covary with maturation, is not well known. Most ants
learn, communicate, and recognize kin primarily through odor recogni-
tion; part of gaining brood care experience may involve receiving olfac-
tory cues from brood. I examined temporal polyethism in P. dentata by
directly examining brood-tending efficiency in 10-day-old workers lack-
ing prior experience. Brood-tending abilities were significantly limited
without experience previously gained. P. dentata minor workers’” nursing
abilities may be influenced by prior experience and development of task
proficiencies gained during age-related repertoire expansion.

William Jones
Undergraduate 2009

Organismic and Evolutionary Biology
wjones@fas.harvard.edu

Prey resource use by perch, pumpkinseed, and bluegill

in the littoral zone of the lower Charles River
The McCarthy laboratory and The Woollacott laboratory, MCZ Labs

Human activities associated with residential, commercial, and indus-
trial land use have resulted in the reduction of water flow and quality,
the introduction of non-native flora and fauna, the elimination of fish
species, and the alteration of wildlife communities and habitats in the
Charles River. This biological study focuses on fish communities in the
lower Charles River to better understand the river as a degraded ecosys-
tem impacted heavily by human activities. In order to assess the fish com-
munity structure of the lower Charles River littoral zone, 339 fish were
collected by seining from June to October of 2008. It was observed that
non-native species accounted approximately 40% all species surveyed and
nearly 20% of the total fish catch. Results also indicate that the river is
dominated by species typically found in lakes known as macrohabitat gen-
eralists. Through stomach content examinations, the second part of this
study focuses on the use of food resources by pumpkinseed, yellow perch,
and non-native bluegill in the lower Charles River. Subtle differences in
functional morphology appear to allow adult pumpkinseed and bluegills
in lakes where they naturally coexist to exploit alternate prey types ef-

ficiently; adult pumpkinseed often feed heavily on gastropods, whereas
bluegill feed extensively on a variety of insects and zooplankton. In the
littoral zone of the lower Charles River, however, the diet of all three spe-
cies was dominated by benthic macroinvertebrates including Dipteran,
Amphipods, and to a lesser extent Trichoteran and Gastropods. It is
hypothesized that the overlap in prey use by these three species may be
related reduced interspecies competition and the degraded status of the
Charles River ecosystem. To investigate this hypothesis, future research
should focus on prey selectivity of fishes and resource availability in the
lower Charles River.

Chinwe Madubata
Harvard College 2012

Organismic and Evolutionary Biology
madubchi@fas.harvard.edu

The Effect of Sarcomere Length on the

Efficacy of Tenderization Treatments
The Bowker laboratory, United States Department of Agriculture

The problem of determining meat tenderness has plagued industry and
consumers for decades; to compensate, various tenderization methods
have been used to treat meat. Since August 2007, the effects of sarcomere
length on hydrodynamic pressure processing (HDP) and aging (refriger-
ated storage) were studied at USDA. The sarcomeres of the longissimus
dorsi of four Jersey bulls were relaxed through hip suspension. This treat-
ment has been known to increase sarcomere length, tenderizing meat.
However, the interactions of this treatment with other treatments, espe-
cially HDP, were unknown. The hypothesis was that increasing sarcom-
ere length would increase the efficacy of tenderization treatments. This
experiment was performed with a completely randomized block design,
with factors of sarcomere length (short, long), pressure (control, HDP),
and aging (3,7, 14 days). Sarcomere length was measured through diffrac-
tion patterns produced by a Helium-Neon laser. Cylindrical cores were
taken from steaks cooked to 71°C and cut with the Texture Measurement
System in order to measure shear force. Myofibrillar solubility was mea-
sured to verify protein degradation due to aging. To further analyze pro-
tein degradation, protein was extracted from each sample and used in gel
electrophoresis and Western blotting. The hypothesis was supported by
the ANOVA data. Hip suspension significantly increased mean sarcom-
ere length (P<0.05), minimized variability in tenderness, and significantly
increased the efficacy of aging and HDP (P<0.05). All three of the treat-
ments significantly decreased shear force (P<0.05). These findings could
eventually make leaner meat more desirable, improving the economy of
the meat industry and the diet of the consumer.
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Evidence for a recent population bottleneck
in an Apicomplexan parasite of caribou

and reindeer, Besnoitia tarandi
The Rosenthal laboratory, United States Department of Agriculture

The evolutionary history and epidemiology of parasites may be reflect-
ed in the extent and geographic distribution of their genetic variation.
Among coccidian parasites, the population structure of only Toxoplasma
gondii has been extensively examined. Intraspecific variation in other coc-
cidia, for example those assigned to the genus Besnoitia, remains poorly
defined. Here, we characterize the extent of genetic variation among pop-
ulations of Besnoitia tarandji, a parasite whose intermediate hosts include
caribou and reindeer (Rangifer tarandus tarandus). Isolates from the Ca-
nadian and Finnish Arctic were genotyped at six microsatellite loci, the
first internal transcribed spacer region of nuclear rDNA, and the RNA
polymerase § subunit (rpoB) encoded in the plastid genome. Remark-
ably, all isolates exhibited the same multilocus genotype, regardless of the
isolate’s geographic origin. This utter monomorphism occurred despite
the capacity of these loci to vary, as established by evident differentiation
between B. tarandi and two other species of Besnoitia. The surprising
lack of genetic variation across the sampled range suggests that B. tarandi
may have experienced a recent population bottleneck.

Alla Shnayderman Organismic and Evolutionary Biology
Northeastern University 2011 allaskaya@gmail.com

Symbiont-mediated fungal resistance

in Zootermopsis angusticollis
The Rosengaus laboratory, Northeastern University

Termites thrive in microbial-rich environments where they may en-
counter pathogenic organisms. These social insects have evolved an array
of adaptations to resist disease, which include: behavior, biochemical se-
cretions, and physiological responses. We hypothesize that the symbiont
hindgut community plays an important role in the enhanced discase resis-
tance of termites against fungal pathogens. This would be a novel role for
the hindgut community who are typically credited with allowing termites
to feed on wood and dead matter. A series of in vitro and in vivo experi-
ments were designed to test if symbiont-mediated disease resistance exists
in the dampwood termite Zootermopsis angusticollis. First, hindgut ex-
tracts of defaunated and faunated termites were incubated with Metarhiz-
ium anisopliac conidia and then plated onto potato dextrose agar (PDA).
Our results show that conidia viability (measured as colony forming units
[CFUs]) was significantly reduced in the faunated treatment relative to
the defaunated termites. Second, to test if the mutualistic symbionts pro-
vide protection against fungal pathogens, defaunated and faunated live
termites were exposed to M. anisopliae and their survival was recorded for
two weeks. Preliminary results suggest that the presence of the hindgut
symbionts renders termites less susceptible to fungal infection. Our data
implicate the gut microbial community of termites in a dual role: not
only to provide nutritional benefits for their host, but also to protect their
host from pathogenic fungi.
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Effective Action Approach for Quantum
Phase Transitions in Bosonic Lattices

The Jackiw laboratory, MIT Center for Theoretical Physics

Based on standard field-theoretic considerations, we develop an effec-
tive action approach for investigating quantum phase transitions in lat-
tice Bose systems at arbitrary temperature. We begin by adding to the
Hamiltonian of interest a symmetry breaking source term. Using time-
dependent perturbation theory, we then expand the grand-canonical free
energy as a double power series in both the tunneling and the source term.
From here, an order parameter field is introduced in the standard way, and
the underlying effective action is derived via a Legendre transformation.
Determining the Ginzburg-Landau expansion to first order in the tun-
neling term, expressions for the Mott insulator-superfluid phase bound-
ary, condensate density, average particle number, and compressibility are
derived and analyzed in detail. Additionally, excitation spectra in the or-
dered phase are found by considering both longitudinal and transverse
variations of the order parameter. Finally, these results are applied to the
concrete case of the Bose-Hubbard Hamiltonian on a three dimensional
cubic lattice, and compared with the corresponding results from mean-
field theory. Although both approaches yield the same Mott insulator -
superfluid phase boundary to first order in the tunneling, the predictions
of our effective action theory turn out to be superior to the mean-field
results deeper into the superfluid phase.

Christina Grassi
Harvard 2010

Physics and Biophysics
cgrassi@fas.harvard.edu

Relationship Of Lymph Node Size And Density To

Granuloma Formation After Total Knee Arthroplasty
The Weissman laboratory, Brigham and Women’s Hospital

INTRODUCTION: To compare the size and density of popliteal
lymph nodes as assessed with computed tomography (CT) in patients
with total knee arthroplasty (TKA) and various severities of granuloma
formation, and in control subjects with osteoarthritis who were preopera-
tive.

METHODS: Articular surface wear is one of the most frequent causes
of TKA implant failure. Wear may lead to granuloma formation and po-
tentially to deposition of wear particles in draininglymph nodes. A group
of 104 adult patients with TKA received CT for evaluation of pain, gran-
ulomas, or loosening; 40 control subjects were assessed. CT was used
to identify granulomas (defined by 3 criteria), and a customized software
tool was used to outline each lesion and calculate the volume. Popliteal
lymph node size, density of the entire node and peripheral nodal density
(in Hounsfield units) were tabulated. Comparison was made between
lymph node measurements and granuloma volumes.

RESULTS: There were 78 patients with TKA and 13 unicompartmen-
tal arthroplasties. Subjects were divided into those with large granuloma
volume ( greater than 500 mm*"3, 22 patients), moderate granuloma vol-
ume (100-500 mm*3, 20 patients), and small or no granulomas (0to 100
mm?3, 49 patients), and 40 control patients. Lymph nodes proved to be
significantly more dense in patients with prostheses than in preoperative
controls (average lymph node density -30.93 Hounsfield units (HU) for
controls, and -9.97 HU for patients with prostheses). Peripheral lymph
node density was also different for controls (-24.12 HU), as compared
to patients with prostheses (-0.53 HU). Patients with large granuloma
volumes demonstrated average lymph node density in Hounsfield units
2.14 times as dense as lymph nodes of the control population (-12.80 HU
for large granuloma volume group, and -30.92 HU for controls). Of those
in the severe wear group, 3 were unicompartmental, suggesting that these
prostheses may also undergo severe wear, contrary to previous theory that
wear on them is often minimal. Patients with moderate or severe granu-
loma volumes had lower lymph node densities than the mild /none post-
operative group.

DISCUSSION AND CONCLUSION: Lymph nodes are signifi-
cantly denser in patients with prostheses than in controls. Patients with
moderate or severe granulomatous disease had significantly higher lymph
node density than patients with mild/no granulomatous disease. This
suggests that changes occur in draining lymph nodes after surgery, and
that granulomatous disease may have systemic effects to an extent not rec-
ognized previously.
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Competitively Coupled Map Lattices
The Sundaram laboratory, The Network Group at UMass Boston

A coupled map lattice (CML) is a set of identical maps on the sites
of an n-dimensional lattice, with coupling between sites. CMLs were
introduced by Kunihiko Kaneko as a technique for studying spatiotem-
poral chaos without the use of partial differential equations. CMLs are
often coupled diffusively and interesting patterns are generated by the
complexity of the dynamics at the individual lattice sites (chaotic maps).
Here we consider a system where the coupling is resource dependent, by
doing which we introduce a dynamics that is largely independent of the
individual site dynamics. Thus even when the individual site dynamics
is trivial (fixed points, 2-cycles), these “competitively coupled” map lat-
tices (CCML) can produce emergent patterns (often due to frustration)
which are far more complicated than those predicted by the behavior at
individual sites.

James Pelletier
Harvard College 2011

Physics and Biophysics
jpellet@fas.harvard.edu

Physical model of the bacterial chromosome

and its relation to cell growth in E. coli
The Jun laboratory, FAS Center for Systems Biology

Chromosome segregation influences and is influenced by other growth
processes, a part of an incredible integrated network where each process
loses its individual reductionist identity to the concept of a unified whole.
Cell growth rate provides the ultimate reflection of this coordination of
events. For one E. coli to become two, replicated strands of the long circu-
lar chromosome move towards opposite cell halves before the cell divides.
To explain this phenomenon, our lab postulates a physical mechanism. In
this model, mixed daughter strands explore available entropic conforma-
tions and consequently segregate. To test this model experimentally, we
employ techniques along an interface of disciplines from single molecule
biophysics to microfluidics, optics to computer simulation. We exploit
osmosis to lyse the cells and release their chromosomes for experiment.
We visited the nanofabrication facility at Cornell to design and fabricate
microfluidic chips with features as small as one micron. To confine and
compress bacterial DNA in vitro, we will use these chips together with
hydrodynamic flow or with optical tweezers. We will use other microflu-
idic chips to measure the growth rate of E. coli confined to a channel, and
we will continue to design image processing software for high throughput
analysis of single cells amidst a growing population. These dual research
pursuits will explore the extent to which physical principles underlie and
reveal the foundations of prokaryotic life.

Koning Shen
Harvard 2010

Physics and Biophysics
koning shen @gmail.com

3D Single Particle Electron Microscopy

Reconstruction of DnaB-P
The Leschziner laboratory, Harvard Molecular
and Cellular Biology Department

As the major replicative helicase in E. coli, DnaB separates the strands
of the double helix for DNA replication. Previous studies have laid out
the basics of DnaB structure and helicase mechanisms. However, little
is known about the structure of the helicase at the origin of replication,
where it interacts with its helicase loader protein and is in a catalytically
inhibited state. The helicase loader delivers DnaB to the origin of replica-
tion, and its subsequent release activates helicase activity. Comprehensive
understanding of the mechanisms of DnaB will require understanding of
the interaction with its helicase loader. This study focuses on the architec-
ture of the complex formed by DnaB and the protein P, the bacteriophage
A helicase loader, through 3D single particle reconstruction. Single par-
ticle electron microscopy is a powerful tool to image structure of macro-
molecular assemblies which may exhibit conformational diversity at high
resolution and under physiological conditions. Characterizing DnaB-P
structure will lead to increased insights into the helicase mechanism. Sim-
ilarities between replication systems hint that a better understanding of
the DnaB-P complex may shed light on eukaryotic analogs. Furthermore,
because the DnaB helicase plays such a pivotal role in DNA replication,
understanding its structure and mechanisms might lay the groundwork
for design of anti-bacterial agents.
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That Elephants Can Fly: the Evolution of Sectarian
Identity and Conflict in Post-War Iraq, 2003-2008

Brenna M. Powell, Harvard University Department of Government

In what circumstances does polarized sectarian violence emerge after
the fall of an authoritarian state? This is the central question addressed
by this project in consideration of Arab-Shia and Sunni sectarian violence
from 2003 until 2008 in Iraq. Evidence to examine this puzzle was gath-
ered from original interviews and polls conducted of over one hundred
displaced Iraqi students at the University of Jordan as well as Iraqi ex-
patriates who left the country between 1980 and 2008. In conjunction
with the historical context of the Iraqi case, this evidence has led to the
following hypothesis: in the event of state collapse, a history of minority
group rule that is repressive or is perceived to be repressive along group
lines, generates polarized violence due to pre-existing group salience.
These findings are significant as they suggest that other grounds of post-
collapse societal polarization (such as an urban-rural divide, class warfare,
or ideological disputes,) were not plausible in the Iraqi state. Provided in
this analysis is a method to predict polarized group formation as well as
to understand the impact and consequences of the collapse of a minority
group authoritarian or totalitarian state.

Julia Lam
Harvard 2009

Political Science; Communications; Journalism

julialam@fas.harvard.edu
Headlines/Frontlines: Media, Military, and War in Iraq

Francis Shen, Harvard Department of Government

As 2009 begins, Iraq has largely disappeared from the headlines. West-
ern media presence in the country has dropped dramatically, a stark con-
trast from the hundreds of embedded and unilateral reporters who ac-
companied the American invasion in 2003. If all goes as planned, the
US. military may also begin to take their leave. Yet the American mission
in Iraq begins to come to a kind of close, or at least a turning point, the
American story in Iraq is far from over. As audiences at home turn their
attention elsewhere, what do those that have invested time, energy, and
sacrifice in Iraq have to say? How has reporting war intersected with wag-
ing war? What has Iraq meant for media-military relations? Through
intensive, qualitative interviews with journalists and soldiers who worked
and served in Iraq, I aim to deepen understanding of the ways media and
military relations have shaped how news from Iraq has been created, ne-
gotiated, and conveyed. I spoke with 20 military public affairs officers,
military commanders, and journalists (representing such news organiza-
tions as The New York Times, The Washington Post, and NPR). Their
views and experiences shed light on the many complex issues that demand
close study when it comes to issues of media, military, and Iraq: the role of
Iraqi stringers, the business of journalism and the practice of journalism,
the challenges of casualty reporting in embed situations, the role of unilat-
eral reporters, and the experience of involuntary disembedding.
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John Sheffield
Harvard 2009

The Anatomy of the Iron Fist: Police Violence
in Democratic Latin America, 1985-2009
Steven Levitsky

This thesis explains rising rates of police violence throughout demo-
cratic Latin America, with a particular focus on the institutional dynam-
ics of police forces and state capacity to protect citizens’ rights in urban
slums. I argue that democratic control of internal security forces depends
on two kinds of mechanisms: internal accountability, or the linkages
between the police administration and low-level street cops, and exter-
nal controls, or the means by which state and social actors impose limits
on police forces’ operational latitude. The two primary case studies are
Buenos Aires, Argentina and Medellin, Colombia, which use a variety of
statistical analyses and interviews with police forces, political elites, and
residents of urban slums; a broad comparative chapter extends the theory
to Brazil, Chile, and Mexico. I show that police institutions have little
internal control over low-level officers, and the region’s increasing in-
equality and economic segmentation have weakened external controls on
police forces’ behavior. The thesis concludes with a discussion of emerg-
ing forms of state (in)capacity in the developing world, especially in how
spatial inequality limits the state’s ability to both provide public security
and protect citizens’ rights
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Using Drinking Motives to Predict Alcohol-Related

Harm in a Mandated College Student Sample
The Alfonso laboratory, Ph.D., The Alfonso
Research Lab at Emmanuel College

The alcohol use of college students has been linked to serious conse-
quences, including 1,700 deaths, 500,000 unintentional injuries, and
600,000 assaults every year (Hingson, Heeren, Winter, & Wechsler,
2005). Although many factors contribute to college student drinking,
one factor that has been found to be of particular importance is the mo-
tivation for drinking. It has been demonstrated that the drinking motives
of college students influence not only their drinking habits, but also the
consequences associated with their drinking (Martens et al., 2008; Read,
Wood, Kahler, Maddock, & Palfai, 2003). The present study examined
the relationship between drinking motives and alcohol-related problems
in a sample of 169 college students who had violated campus and/or legal
alcohol policy, a subpopulation known as mandated students. Participant
drinking motives were measured using the Drinking Motives Question-
naire (DMQ; Cooper, 1994), which is comprised of four subscales: Social,
Conformity, Coping, and Enhancement. Multiple linear regression was
employed to determine which of the four drinking motives could be used
to predict the experience of alcohol-related problems. All four subscales
were entered simultancously, resulting in a statistically significant model
[R2=.310, F = 18.43, p < .001]. Two of the four subscales, Coping (b =
.24) and Enhancement (b = .35), were found to be significant predictors
of alcohol-related harm, suggesting that those who drink for coping or
enhancement reasons are more likely to experience alcohol-related harm.
Limitations of the present study and implications for interventions aimed
at mandated college students will also be presented.

Matthew Carper
Boston University 2009

Psychology and Bebavioral Science
mearper@bu.edu

Barriers to the Successful Dissemination of
Computerized Psychotherapy: An Empirical

Examination of Client Attitudes
The Barlow laboratory., ABPP, Boston University
Center for Anxiety and Related Disorders

Computerized psychological interventions offer an efficacious alterna-
tive to traditional psychotherapy with the potential to improve access to
evidence-based care. However, adoption of this strategy has been limited.
In order to fully realize the potential of this modality, the barriers to its
utilization must be identified. To date, no study has examined barriers to
the use of computerized interventions in a clinical population, a key as-
pect in determining the feasibility of dissemination. In the present study,
we examined patient attitudes toward computerized psychotherapy based
on Rogers’ Diffusion of Innovations theory. Data were collected from
24 individuals secking treatment for a unipolar mood or anxiety disor-

der. Patients” general attitudes toward secking psychological help, per-
ceptions of the five characteristics of an innovation found to influence
the rate of adoption, demographic characteristics, and patient preferences
for different forms of computerized therapy were assessed. Results from
this preliminary sample suggested that attitudes toward computerized
therapy are distinct from general attitudes toward secking psychological
help. Additionally, patients” hesitance to adopt such interventions may
reflect their lack of exposure to them. In order to better disseminate com-
puterized interventions, greater attention must be paid to increasing the
public’s awareness of this treatment option.

Andrew Dolman
Boston College 2009

Psychology and Behavioral Science
dolmana@bc.edu

The Deconstruction of Emotion
The Barrett laboratory, Interdisciplinary Affective
Science Laboratory, Boston College

This study tests the hypothesis that emotions are psychologically con-
structed events (Barrett, 2006). In this view, people experience an emo-
tion when they instantancously apply their conceptual knowledge about
emotion (or what they know about an emotion) to an instance of core
affect. We tested this hypothesis by parsing emotions into more basic psy-
chological units. Participants came in to the lab and wrote about eight
instances when they felt angry, fearful, and disgusted. Later in the week,
participants returned to the lab where they relived the prior experienc-
es while fixating on a perceptual stimulus intended to load conceptual
processing (Dynamic Visual Noise) or a control static color block. Par-
ticipants then made ratings on their feelings using adjectives taken from
PANAS-X. We predicted that participants viewing the DVN would have
more difficulty accessing conceptual knowledge of emotion, resulting in
less discrete experiences of emotion as compared to viewing the static
color block. Contra to our predictions, participants who saw DVN did
not have less discrete experiences of emotion than those who saw blocks
of color. Alternate explanations for our findings are discussed

Brett Ford
Boston College 2009

Psychology and Behavioral Science
Sfordbe@bc.edu

What do People Want to Feel? Emotional
Preferences Guided by Utility

The Tamir laboratory, The Emotion and Social
Cognition Laboratory, Boston College

Emotions have an immense impact on daily life and consequently, peo-
ple often try to change what they currently feel to match what they want
to feel. But what do people want to feel? Perhaps because it is seemingly
obvious, this question has received very little empirical attention to date.
One common assumption is that what people want to feel depends solely
on pleasure, such that people always want to feel pleasant emotions. In
contrast, we propose that what people want to feel also depends on util-
ity, such that people sometimes want to feel useful emotions, even if they
are unpleasant. In support of this counterintuitive hypothesis, our results
first demonstrate that anger, an unpleasant emotion, can be useful within
confrontations. Participants who were angry as they confronted their
partner were the people most likely to lead their partner to concede. Sec-

-48-



Psychology and Behavioral Science

ond, when they intended to confront another, people preferred to active-
ly increase their anger in preparation for the confrontation. Third, such
preferences for anger were driven by the expected utility of anger. Taken
together, these findings demonstrate that, similar to economic decisions
and other forms of self-control, what people want to feel depends on what
they expect to gain. Our short-term future research seeks to explore the
extent to which this instrumental emotion regulation requires conscious
awareness or whether it can proceed relatively automatically. Long-term
future research could explore the implications of this theory within the
the microcosms of interpersonal relationships as well as the macrocosms
of socio-political and economic interactions.

Vivian Lee
MIT 2012

Psychology and Bebhavioral Science
vivilee@mit.edu

Varying Harmonic Spectra Exposure on Students’
Concentration during Spatial Reasoning
Examination as Assessed via Fourier Analyses

When a human hears a single note of a musical instrument, he may
not realize that he is not only hearing one frequency, but an overlapping
matrix of many overtones (“harmonics”), which can be separated from
the initial waveform via application of the Fast Fourier Transform (FT'T),
which splits the time-domain sound wave into frequency-domain bars
indicating apparent strength of the harmonic(s). In this study, the above
principle was used to analyze the effects on students’ concentration lev-
els (see equation below) due to exposure to various waves with different
harmonic spectra. Over sixty subjects were given different versions of a
series of nine spatial reasoning tests, each with a randomized sequence of
questions from a test bank of 90. The subjects listened to a randomized
selection of waveforms while answering the questions, and their results
were assessed using the following formula: (% accuracy * 0.5) + (((180-
time)/180) * 100 * 0.5) = Concentration Index (“Clndex”); the higher
the index the better. Waveform imaging and Fourier analysis supported
the conclusion that sawtooth-shaped waveforms (such as those generated
by closed conical bore instruments such as the oboe or bassoon) were
most beneficial to the subjects’ concentration level. Those with square-
shaped waves and lack of rich harmonics were least beneficial.

BURS Abstract Book 2009
Sarah Mclntosh Psychology and Bebhavioral Science
Emmanuel College 2009 mcintosa@emmanuel.edu

An examination of the perpetrators

of Munchausen by Proxy
The Ayoub laboratory, MGH Children and the Law

Munchausen by Proxy (MBP) is a form of child abuse in which a care-
taker intentionally fabricates, exaggerates, or causes illness in a child.
Women, and especially mothers, make up the majority of perpetrators.
The motive for perpetrators of MBP is to be seen as a caring and devoted
person who would do anything for their sick child. The child is seen as an
object: a means of getting the attention a perpetrator wants. Deception is
a key part of this abuse, and unfortunately, it can take years before a child
is recognized as a victim of MBP. A lack of systematic evaluation of MBP
cases further aggravates efforts at early detection. The current study exam-
ines 41 families across the United States with child victims of MBP. This
project is meant to provide a thorough description of the MBP family,
with a special focus on the perpetrator. Data will be presented to describe
trends in race, age, SES, personality functioning and IQ. In addition, the
perpetrator’s own childhood, with relation to past traumas and selective
recall, will be examined for a link between trauma and MBP.

Krystle North
Emmanuel College 2009

Psychology and Behavioral Science
northkr@emmanuel.edu

Assessing the influence of musical training on reading

measurements and general cognitive abilities
The Kwiatkowski laboratory, Gaab Lab, Division of
Developmental Medicine, Children’s Hospital Boston

Introduction: There is significant and ongoing debate concerning the
importance of musical training within formal schooling (e.g. McMurrer,
2008). This tension becomes important when schools emphasize major
subjects at the expense of courses such as music, as musical training has
been repeatedly argued to confer numerous broader cognitive benefits
(e.g. Bilhartz, Bruhn, & Olson, 2000). In particular, musical experience
has been shown to have a positive influence on reading, language, and
general cognitive measures (e.g. Schellenberg, 2006; Patel & Iverson,
2007). Here we examine the relationship between musical training and
a number of cognitive domains in a group of children aged 4-12. Meth-
ods: We are conductinga cross-sectional study in children aged 4-12 with
or without musical training and with or without developmental dyslexia.
Here we present initial data (n=22) on the interaction between musical
aptitude and cognitive measures. All children are well characterized using
standardized tests assessing musical skills (e.g. pitch, loudness, rhythm,
timbre, tonal memory, timing and auditory processing) as well as general
cognitive abilities (e.g. reading development, phonological processing,
nonverbal IQ). Conclusions: Preliminary results show that standardized
measures of musical aptitude are positively correlated with auditory and
phonological processing abilities. These results support the existence and
importance of the relationship between musical skills with those linked
to reading. Future research may show whether and how much musical
training accounts for improvements in general cognitive abilities, which
in turn may influence performance in core academic subjects.
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A Meta-Analysis of the Magnitude of

Biased Attention in Depression
The Otto laboratory, Center for Anxiety and
Related Disorders, Boston University

Psychology and Bebhavioral Science
peckham@bu.edn

A recurring controversy in the study of cognitive processing in emo-
tional disorders concerns the existence of a bias towards negatively va-
lenced information in depression. Many researchers have hypothesized
that attentional biases to negative stimuli are primarily a characteristic
of anxiety disorders and not depression. Moreover, the use of differing
methodologies has continued to generate discrepant results regarding the
degree of bias to negative words in depressive disorders. Because cognitive
biases are presumed to influence both vulnerability to and maintenance of
emotional disorders, it is important to reach a clear understanding of how
attentional processes function in depression.In this study, we expanded
upon qualitative reviews by performing a quantitative meta-analytic re-
view to synthesize findings across 32 studies which measured attentional
bias in depressed individuals using either the emotional Stroop task or
the dot probe task. Based on preliminary analyses of effect sizes between
healthy and depressed participants, depressed participants in studies us-
ing the Stroop were only slightly more biased towards negative informa-
tion (d = 0.15) than controls. In studies using the dot probe, however,
preliminary analyses show that depressed participants were moderately
more biased to negative information than controls (d = 0.53). At the time
of presentation, we will provide analysis of potential moderators of these
effects. Although quantitative review of the literature shows discrepant
levels of attentional bias across study methodologies, the moderator anal-
yses will provide a more comprehensive view of the strength of attentional
bias in depression.

Ashley Racine
Emmanuel College 2009

Psychology and Behavioral Science
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The Influence of the Perception of Maternal
Weight-Related Attitudes on Adolescent
Weight-Related Attitudes

The Lin laboratory, Dr. Jonna Kwiatkowski, n/a

Prejudice against the obese and overweight continues to be significant
social problem. Research examining the development of obesity preju-
dice has found a relationship between the mother’s and child’s attitudes
toward the obese. This study expands on this line of research area by ex-
amining the adolescent’s perception of their mother’s antifat attitudes,
as well as maternal dieting motivation and behavior. It was hypothesized
that there would be a correlation between the adolescent’s and mother’s
antifat attitudes. It was also hypothesized that mothers who were per-
ceived to have dieted more frequently were more likely to be perceived by
their adolescent to endorse antifat attitudes. Finally, it was hypothesized
that mothers who were perceived to have dicted for appearance reasons
were more likely to be perceived as endorsing antifat attitudes than moth-
ers perceived to have dieted for health reasons. In the current study, 110
college males and females were surveyed to determine their own and their
perception of their mother’s antifat attitudes. A strong correlation was
found between the participants’ antifat attitudes and the perceptions of
maternal antifat attitudes (r = .547, p < .01). A correlation was also found
between perceived dieting frequency and antifat attitudes (r = .362, p <
.01), particularly when the adolescent perceived the dieting was for ap-
pearance, rather than health reasons (r = .450, p < .01).

Kevin Wang
MIT 2010

Psychology and Behavioral Science
kwang88@mit.edu

Computational Models for Social Goal Inference
Josh Tenenbaum, Computational Cognitive Science Group

As human beings, analyzing and evaluating the social interactions of
others is an essential part of our daily lives. For instance, when we watch
a group of children playing tag, we can instinctively and automatically
judge which one is “it.” Although this presents a considerable challenge
for computational models, ascribing thoughts, goals and social relations
to interacting agents is a natural task for the human brain. Even simply
depicted scenarios consisting of geometric shapes interacting in a two di-
mensional environment can evoke social goal inferences in both adults
and infants. Previous work has proposed that computational models
based on simple visual cues, such as the distance between agents or their
relative velocity and rotation can account for these inferences. However,
these models do not account for the complex narratives that people con-
struct even in response to simple stimuli. We describe Bayesian models
intended to explain how people interpret observed social interactions in
terms of agents’ mental states and the social relations between agents. We
compare the performance of Bayesian models and visual cue-based ac-
counts at predicting humans’ interpretations of multiple agents interact-
ing in a dynamic environment. We argue that the Bayesian models better
describe humans’ judgments, and lead to a better understanding of the
rich cognitive processes at work in assessing social interactions.
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Consolidation and Quality: Examination of Hospital

Consolidation on the Quality of Care over time
Richard Frank, Harvard University

The study of hospital consolidation and its effect on quality of patient
care has been of great interest in both the economic and legal communi-
ties as consolidation activity surged in the mid-1990s. Previous studies
have reached conclusions that the impact on quality of hospital mergers
and acquisitions is either inconclusive or is detrimental. In this study, hos-
pital care before and after hospital consolidation is examined from 1993
to 1998 from patient data across 14 states. Using inpatient mortality and
length of stay for CHF patients as quality indicators, the study incorpo-
rates time lag variables to test for any time variance in the effect of hospital
consolidation on quality of patient care. Initially, in the first year post-
merger, Hospital consolidation results in an initial increase in inpatient
mortality and has a negligible effect on length of stay. In subsequent years
post-merger, there is a significant decrease in inpatient mortality and
length of stay—both indicating an improvement in quality of care. These
results seem to counter the conclusions of existing literature and thus, in-
vite further study.

Randall Baldassarre
Harvard College 2010

Public Health
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DISPARITIES IN SURGICAL CARE: MEXICAN
PATIENTS IN SAN FRANCISCO PRESENT

WITH LARGER THYROID CANCERS
Dr. Daniel Ruan, Brigham and Women’s Hospital

Primary thyroid cancer is the most common endocrine malignancy,
with an estimated incidence of 37,340 cases in the United States per year,
and the incidence of thyroid cancer is increasing faster in women than any
other malignancy. Despite the extensive literature investigating racial/
ethnic disparities in other malignancies, thyroid cancer studies exploring
such issues are largely absent. Hispanics—the fastest growing minority
population in America—are uninsured at substantially higher rates than
non-Hispanics, and their median income is lower, leaving them suscepti-
ble to disparities in health care. Furthermore, Hispanics have been shown
to utilize cancer screening tests less often than non-Hispanic whites. We
hypothesized that Mexican patients’ decreased access to primary care,
physical examinations of the head and neck, carotid ultrasounds, and
other imaging results in a late diagnosis of primary thyroid cancer. We
further hypothesized that this delay in care adversely impacts their post-
thyroidectomy outcomes. Our study highlights the Mexican health dis-
parity seen in data collected from thyroid cancer patients diagnosed at the
University of California San Francisco. We found that Mexican patients
with the most common form of thyroid cancer present with larger tumors
than their non-Mexican counterparts, likely a consequence of diminished
access to endocrine oncologic care. Furthermore, the overall survival after
thyroidectomy is lower in Mexicans than non-Mexican patients. We ad-
dress the need to encourage this ethnic group to routinely seck the care of
primary physicians.
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Isolating the causal effect of access to
iodized salt on child health in India

Erica Field, Harvard Economics Department

Iodine deficiency disorders (IDD) are one of the most common causes
of preventable mental and physical retardation. Despite India’s longstand-
ing efforts to combat IDD through a cost-effective Universal Salt Iodiza-
tion program, only 51% of houscholds were using iodized salt in 2005.
In order to justify efforts to actively expand the program, it is crucial to
establish a causal link between access to iodized salt and child health.
This study examined household salt iodine concentration, anthropomet-
ric outcomes, and birth histories of over 18,000 children from the 1998
India National Family Health Survey. To isolate causality, two-stage least
squares (2SLS) regressions were used with state-fixed-effects. Two sets of
innovative district-level instruments were constructed using Geographic
Information Systems. The institutional instruments included distance to
railroads, fraction of salt transported by railroad, and total road length
and were used to predict salt iodine concentrations in households. The
geographic instruments included precipitation, elevation, and distance to
coast and were employed to predict the targeting efforts of the govern-
ment’s salt iodization program. The 2SLS estimate revealed that increas-
ing the iodine level in salt led to a 1.168 standard deviation increase in
height-for-age (p<0.05), a 15.9% decreased likelihood of having below-
average birth weight (p<0.05), a 18.6% increased likelihood of having
above-average birth weight (p<0.05), and a 2.8% increase in child sur-
vival (p<0.10). These outcomes were more pronounced in rural settings
and in female children and were tested using three robustness checks.
Opverall, this analysis shed light on the use of institutional and geographic
instruments for assessing the effect of government programs on health.
It also showed that the Indian government’s efforts to eliminate iodine
deficiency through a salt iodization program are not only worthwhile, but
also necessary for improving the future health of the population.

Public Health
carmich@fas.harvard.edu

Heather Carmichael
Harvard College 2009

Urban Poverty and Environmental Risk
Factors for Health: Quantifying the

Concept of Environmental Equity
Majid Ezzati, Harvard Initiative for Global Health

It has been demonstrated that environmental risks have substantial im-
pacts on human health, accounting for close to one-fifth of the burden of
disease in developing countries. While research exists on the associations
of environmental risks with poverty in the developing world, there has
been less focus on the urban setting. Urban areas in poor countries are
experiencing rapid growth rates, both due to high rates of rural to urban
migration and high birth rates in cities. This urban growth presents chal-
lenges to developing infrastructure, but also the opportunity to make use
of economies of scale in providing these services. Focusing on the city of
Accra, Ghana, my thesis moves beyond the study of risks in the household
environment and considers the neighborhood effects that occur in areas
of concentrated poverty. Because environmental inequity is often masked
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by aggregate statistics in urban areas, my thesis also secks to quantify the
magnitude of environmental disparities within the city by comparing four
neighborhoods of varied socioeconomic status. I consider in particular
the problems of littered solid waste, open drainage systems, and house-
hold water quality in a quantitative analysis of original data, showing that
these risks can be researched and assessed in resource-poor settings at rela-
tively little cost and without the need for an on-site research laboratory
or sophisticated technology. My thesis also serves as a body of empirical
evidence that can be used to promote policies to improve urban slums of
Accra and other cities in sub-Saharan Africa.

Hann-Shuin Yew Public Health
Harvard University 2010 hsyew@fas.harvard.edu

The Path Less Travelled: Challenges in Defining

Complementary and Alternative Medicine
Arthur Kleinman

The usage of complementary and alternative medicines (CAM) has tra-
ditionally been controversial, with both passionate adherents and severe
detractors. The overall dialogue today seems to verge toward greater ac-
ceptance of CAM treatments as legitimate alternatives to conventional
medicine. However, the 2007 NHIS survey by the CDC, the first to
break questions about CAM usage down by category, problematizes this
image of widespread CAM usage by demonstrating that the majority of
CAM users are using CAM as palliative complements to everyday life
rather than specific alternatives for disease treatment. I explore the impli-
cations of the NHIS survey for the ongoing controversy around CAM,
and call for greater clarity in CAM definition and regulation.
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Harvard College 2010 dpope@fas.harvard.edn

What are you?: How mixed-race individuals

understand their racial identity
Kathryn Edin, Professor of Public Policy and Management,
John F. Kennedy School of Government, Harvard University

My research is interested in how mixed-race black-white individuals
decide to racially identify and how others influence this decision. In the
past, this question might have bared minimal importance because of ob-
servable racialized differences. However, this question is of increasing rel-
evance for many reasons, both socially and politically. First, the color line
has become less clear of late. In Changing Race (2000), Clara Rodriguez
finds that individuals frequently self-identify different than how others
would categorize them. Second, there has been growing recognition of
mixed-race persons. Kim DaCosta’s work, Making Multiracials (2007),
suggests that over the last decade, multiracialism has emerged as a topic of
public discussion — beginning with the 2000 US Census, individuals have
the option of selecting more than one racial category. Additionally, the
media fanfare surrounding President Barack Obama’s biracial self-identi-
fication is one example of increasing recognition of mixed-race persons.
Through in-depth interviews and ethnography, my findings suggests that
although there is perceived racial fluidity, mixed-race individuals either
(a) choose their black identity (b) choose an identity that is transcendent
of racial categories.
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