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Dear HURS Participants, iy (’ﬂ

Welcome to the 2007 Harvard Undergraduate Research Symposium (HURS).

This year's symposium is a showcase for much of the most intriguing scientific research
conducted by our undergraduates. As you read this book of abstracts, peruse the posters, and
listen to the plenary talks, 1 hope yon will also find time to talk with your fellow HURS
attendees—the students, faculty members, and staff who share your commitment to selence.

This sympesivm offers an opportunity to build connections among scientists—in every
field, at every stage of their career, from Harvard and bevond. The organizers of this event, the
Harvard Cellege Undergraduate Research Association, note on their website that HURS
“represents a movement in the undergraduate community towards interdisciplinary eross-talk.”
The abstracts in this book reveal the vigor and range of research in the natural sciences,
behavioral sciences, environmental sciences, physical seiences, and engineering and applied
sciences.

From my own undargraduats research experience, 1 know that nothing deepens one’s
understanding and broadens one’s scientific imagination, with such transformative effect, as
hands-om, intensive research. This is an exceptionally vital time for science at Harvard, with
changes evident in the curriculum, our physical campus, and the shape of our faculty. I wish
every researcher at Harvard the continued joy of discovery,

With best wishes,

Yours sincerely,

DSl

Michasl D). Smith
Dean of the Faculty of Arts and Sciences
Gordon McKay Professor of
Computer Science and Electrical
Engineering

TELEFHONE: (817) 4951566  BAX: (517} 495-G208
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Saturday, November 3", 2007
To the Undergraduate Researchers at Harvard,

Welcome to the Second Annual Harvard Undergraduate
Research Symposium! It is with great pleasure that I write this letter
to you on behalf of the Harvard College Undergraduate Research
Association (HCURA), the organization that runs the annual
symposium among many other events. I find it hard to imagine that
HCURA and HURS were only founded last year since both have
grown tremendously. Less than six months after gaining
organizational status, HCURA already welcomes over 200 members and serves its purpose of fostering an
undergraduate science community. HURS has also expanded to include this HURS 2007 Abstract Book, a
prominent Keynote Speaker, more Plenary Speeches, and more interdisciplinary exchange.

It is an exciting time to be an Undergraduate Scientist at Harvard. There are a number of key
initiatives devoted to improving collaborations and innovation in the sciences, including the
unprecedented launch of the School of Engineering and Applied Science (SEAS), formation of
HarvardScience online, expansion of the Harvard College Research Program (HCRP), development of the
massive Allston Science Complex, and the establishment of the Harvard University Science and
Engineering Committee (HUSEC). We also have many summer opportunities and fellowships, such as the
successful Program for Research in Science and Engineering (PRISE) and the Herchel Smith, Harvard
Initiative for Global Health, and Harvard Stem Cell Institute Fellowships, among many others.

With so many opportunities, it is no wonder that Harvard boasts some of the top undergraduate
scientists in the world. The Harvard College Undergraduate Research Association is devoted to fostering
an interdisciplinary science research community at Harvard College by connecting students with research
opportunities, promoting regular interactions between faculty and students through lively discussions and
symposia, and encouraging exchange of ideas between these students of different scientific backgrounds.
We look forward to accomplishing these goals and providing venues for exchange, such as HURS, for
many years to come. Best of luck with your research careers!

Sincerely,
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Shiv Gaglani, 2010
Founding President, Harvard College Undergraduate Research Association

Student Organization Center at Hilles (SOCH) Box 374 www.hcura.org
59 Shepherd Street, Cambridge, MA 02138 www.hcs.harvard.edu/hurs

© 2007 by the President and Fellows of Harvard College
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Letter from the Founder of HURS

Dear Readers,

I would like to personally congratulate this year’s participants in the
Harvard Undergraduate Research Symposium (HURS). I founded HURS in
2006 to provide my undergraduate peers a forum for presenting and sharing
their research experiences with the Harvard community. Quite appropriately, I
began planning HURS as a Program for Research in Science and Engineering
(PRISE) fellow, where I was surrounded by other students who shared my
vision of promoting interdisciplinary dialogue in the undergraduate community.
PRISE was in its first year of existence at the time, and HURS benefited
tremendously from the excitement and energy that surrounded the program.

After the 2006 symposium, HURS became a cornerstone of Harvard’s
scientific culture and exemplified the progressive transformations that were
taking place in the Harvard community. The integrated Life Sciences program
had just been launched, PRISE had just graduated its first cohort of
undergraduates, and the academic advising program was beginning a
significant overhaul. It was an exciting time to be an undergraduate researcher at Harvard, and HURS
both benefited from and contributed to that enthusiasm. I believe Harvard will remain a leader in
undergraduate education as long as programs like HURS continue to flourish and receive undivided
support from faculty and students.

In the summer of 2007, I passed HURS along to the newly founded Harvard College
Undergraduate Research Association (HCURA). I was very pleased with the initiative HCURA showed in
planning the 2007 symposium and in particular, the enthusiasm they engendered in the freshman and
sophomore classes. I am confident that future leaders of the HCURA will ensure that HURS continues to
be a successful annual showcase of undergraduate research at Harvard.

I invite you to read the abstracts enclosed in this booklet and experience firsthand the breadth of
research conducted by Harvard undergraduates. You will learn that Harvard students are performing
groundbreaking experiments in projects that far exceed a typical undergraduate research experience.
More importantly, however, you will see the long list of Harvard faculty members who serve as mentors
for aspiring undergraduates. I am sure that if you return to next year’s symposium and pick up a copy of
the abstract booklet, you will see many of the same names repeated. Harvard students, myself included,
are deeply indebted to the faculty who continue the rich tradition of undergraduate research at Harvard.

I hope that you enjoy the day’s festivities. Keep your eyes and ears open; you stand to benefit
quite a bit from what you hear at today’s symposium.

Sincerely,

! A

Shantanu Gaur ‘08
Founder, HURS
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Profiles of the HURS 2007 Plenary Speakers

HCURA commends the HURS 2007 Plenary Speakers for their excellent submissions. You can
read more about them below.

Roanna Ruiz is a junior at Harvard focusing on an SB (Bachelor of Science)
concentration in Biomedical Sciences and Engineering. In the past two years
she has worked for two research labs on two very different research projects.
First, in the summer and fall of 2006 she worked on a project involving the
magnetic self-assembly of patterned monolayers in the Chemistry lab of
Professor George M. Whitesides, and second, in the summer of 2007 she
worked in the Applied Physics lab of Professor Eric Mazur on a project
exploring femtosecond laser nanosurgery of neurons in the nematode C.
elegans. In addition to research, Roanna has been actively involved in the
Harvard PRISE program, both as a fellow in the summer of 2006 and a
Program Assistant in the summer of 2007. In addition, she does graphic
design work for two Harvard journals, the Harvard International Review and
the Harvard Science Review, and she volunteers as a tutor for the PBHA
Experimentors program. In terms of career aspirations, Roanna plans on pursuing an advanced degree in
graduate school for Bioengineering.

Theodore Pak is a junior at Harvard concentrating in Biochemical Sciences.
He has been doing research in genomics with Dr. Kevin J. Verstrepen at the
FAS Center for Systems Biology since Spring 2006. This past summer, he
participated in Harvard PRISE, and previously was an HCRP grant recipient.
An avid computer programmer in everything from BASH scripting to
PHP/MySQL, he has taught supplementary seminars on Linux for CS50
students, and is currently business manager of Harvard Computer Society,
which provides computing resources and web technologies for thousands of
Harvard student groups. As Web Design Editor for the Harvard
International Review, he was responsible for a recent redesign of the
journal’s online edition and editing interface. Also, as a User Assistant
Supervisor for FAS Computer Services, he provides technical support for both
faculty and students by helping manage Harvard College’s computer clinic.
On a musical note, Theodore sings baritone and serves as Technology
Manager in the Harvard Glee Club, and since coming to Harvard, he has
performed pieces by Dvorak, Mendelssohn, and Schumann as first violinist of the Mather House String
Quintet. He looks forward to a future career integrating technology and medicine.
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Arthur Lee is currently studying the distribution of structural genomic
variation within and among populations and species, the evolutionary forces
that shape these variants, and their effects on complex traits, including disease
susceptibility. Arthur was born in Vancouver, Canada and is currently a senior
at Harvard University. He hopes to attend medical school and investigate the
genetic basis of human disease.

Alexandra Courtis is a freshman at Harvard living in Greenough Hall. She is a
member of ICMUN, the First-Year Social Committee, HNMUN, HMUN, Model
Congress, Model Congress Europe, as well as the women's club tennis team.
Alexandra performed her research at University of California at Davis under
Professor Susan M. Kauzlarich. Alexandra has been a member of the Kauzlarich
Group since 2005 and hopes to pursue a career in research. For her work on
silicon nanoparticles, Alexandra has received induction to the 2007 National
Gallery of Young Inventors, the 2007 Davidson Fellowship Laureate Award in
Science, the Patricia Beckman Project of the Year Award at the 2007

California State Science Fair, multiple awards at ISEF 2007, was named a 2007
Intel Science Talent Search Finalist, and presented her work at the 232nd
American Chemical Society National Exhibition and Meeting. This summer,
Alexandra received a scholarship to perform research at the Weizmann Institute
of Science in Rehovot, Israel where she studied gold nano-island films for
sensing applications under Professor Israel Rubenstein.

Fluent in Punjabi and Spanish, Amardeep Grewal, a
freshman at Harvard University, has been active in research
ever since his freshman year at Detroit Country Day High
School, located in Detroit, Michigan. This past summer
Amardeep traveled to the Weizmann Institute in Rehovot,
Israel to perform research in the Bessie F. Lawrence
International Summer Science Institute, sponsored by the
American Commmitte for the Weizmann. During his time
there, Amardeep worked with hemapoetic stem cells and
worked on finding identifying the role of stem cells in
immunological responses after stem cell injections for organ
repair and regeneration. His project for today’s symposium was done at the Institute for Soldier
Nanotechnologies, at MIT. Besides research, Amardeep enjoys bhangra, a traditional dance from North
India, and is a member of the Harvard Bhangra Team and the South Asian Association. Amardeep one
day hopes to pursue a career in medicine, helping patients requiring organ transplants in countries like
India.
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Electrical Properties of Nanowires of Antimony Telluride
The Park Laboratory, Department of Chemistry and Chemical Biology
Sarah Brittman brittman@fas.harvard.edu
Quincy 2008
Chemistry

Semiconductor chalcogenide glasses, typically alloys of germanium, antimony, and telluride, exhibit a
reversible phase change between crystalline and amorphous states. Amorphization occurs when the
crystalline phase is melted and then quenched to prevent the atoms from organizing into a regular lattice.
Chalcogenides also exhibit threshold switching, which reduces the energy required to induce
recrystallization. Essentially, applying an electric field above a particular strength to the amorphous state
creates a current channel, and the power from this current heats the surrounding material. When the
material reaches the glass temperature, the atoms can reorganize into their crystalline lattice. Because
the amorphous and crystalline states have very different diffraction indices and resistivities, one
application for phase-change materials is binary data storage. DVD-RW technology already makes use of
the optical properties of chalcogenide thin films, and companies such as Samsung, Intel, and IBM are
developing and testing electronic phase-change memory. These applications fuel interest in the electronic
properties of chalcogenides and the mechanisms by which the phase change occurs. Research on
chalcogenide thin films has been active for decades, but recently chalcogenide nanowires have been
synthesized and electrically characterized. Such work aims to investigate how reducing these materials to
the nanoscale in two dimensions affects their properties. The research group of Professor Hongkun Park
at Harvard has already synthesized and characterized the electrical properties of germanium telluride
nanowires. Current work now focuses on antimony telluride nanowires. The threshold switching behavior
of the wires has been confirmed, and nanowire devices switch between states differing in resistance by
up to three orders of magnitude. The amorphous state of the antimony telluride wires, however, was not
always stable at ambient temperature, which is undesirable for memory applications. The scaling of the
threshold electric field with the size of the amorphous domain was also investigated.

Redox-Active Ligands in Low-Valent Iron Catalysis

The Ritter Laboratory, Harvard University

Andrew Chang changl1@fas.harvard.edu
Mather 2008
Chemistry and Physics

As the second most abundant metal on Earth, iron is found in a wide variety of biological and industrial
settings. Yet this abundance has not translated into widespread use in organic synthesis, even when
considering iron’s cost-efficiency and environmentally benign impact. Compared to those of more
expensive transition metals, examples of iron-catalyzed transformations are relatively few and based
primarily on Lewis acid catalysis using Fe(II) and

Fe(III) salts.

Low valent iron complexes have been shown to be highly active catalysts, but they have not yet been
widely applied in asymmetric catalysis. For instance, Chirik et al. have shown that a bis(imino)pyridine
iron bis(dinitrogen) complex catalyzes the [28 + 28] cycloaddition of 3,u-dienes, as well as hydrogenation
and hydrosilation reactions. Subsequent studies observed a
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two electron reduced ligand, suggesting Fe(II) instead of Fe(0) as the active species and the importance
of using a redox-active supporting ligand. By designing ligands to stabilize electron-rich, low-valent iron,
the reactivity of these types of complexes may be investigated further and their application in organic
synthesis more fully developed.

Two tridentate ligand scaffolds, a bis(imino)-4H-pyran-4-one and a bis(imino)pyridine, are being studied.
To achieve a range of ligands, two synthetically accessible positions on the ligand scaffold are modified:
the position & to the central ring and the substituent on the imine.

Many ligands based off of the bis(imino)pyridine and bis(imino)-4H-pyran-4-one scaffolds were
synthesized and complexed to iron sources. Upcoming work includes reducing the complexes and
screening them for reactivity in catalyzing reactions such as [28 + 28] cycloadditions. Bis(oxazoline)
ligands will also be synthesized and complexed to iron in an attempt to incorporate chirality in the
complex.

Bright, Luminescent Silicon Nanoparticles for Biological Applications

The Kauzlarich Laboratory, University of California at Davis

Alexandra Courtis acourtis@fas.harvard.edu
Harvard Yard 2011
Chemistry

In the last two decades, there has been increased interest in the utility of quantum scale semiconductors.
These fluorescent single crystals can be as small as 1 nm in diameter, and their size and shape has been
shown to be controlled by the duration, temperature, and ligand molecules used in their synthesis.
Quantum dots provide clear benefits over the organic dyes currently used for tracking biological
processes. Yet, as the production of quantum dots is often very costly, the search continues for finding
an industry-ready synthesis for a quantum scale semiconductor which would have high yield, optimal
durability, high luminescence, and a broad absorbance range. Silicon, in particular, has been of great
interest as it is the second most abundant element on the Earth’s crust and is generally a bioinert and
electrochemically stable element.

We report the synthesis of water-soluble, luminescent silicon nanoparticles with potential applications to
bioimaging. Through a solution state top-down approach, the synthesis of hydrogen capped silicon
nanoparticles was achieved in various organic solvents. The surface of the nanoparticles was capped with
the functional organic molecules rendering the Si-QDs both air and water stable. Cell studies performed
with our silicon nanoparticles and human monocytes show the direct applications these particles could
have for tracking biological processes and the progression of cancer in the human body. In attempt to
shift the luminescence of these particles, alterations of experimental methodology was also explored in
the areas of reaction solvent and heating time. Through these changes, shape control of silicon
nanoparticles was achieved in the form of silicon nanorods. The synthesis of this new shape of silicon at
the quantum scale was confirmed by ultraviolet spectroscopy, photoluminescence, and transmission
electron microscopy. The results of this study indicate that the use of silicon nanocrystals for biomedical
applications is feasible.
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Nanostructuring Porous Evanescent Wave Biosensors
IBM Research Advanced Organic Chemistry Group
Pierre-Emile Duhamel pduhamel@fas.harvard.edu

Mather 2009
Chemistry, Physics, and Computer Science

Evanescent wave biosensors are capable of real-time, ultra-sensitive detection of biomolecules without
the need for tagging or labeling the analyte of interest. Past applications include detection of receptor-
ligand pairs, proteins, DNA, viruses, intact cells, and phage display libraries for drug discoveries. In these
instances the sensor surface functions through a selective chemical recognition motif, where binding of
sub-nanogram quantities of analyte material to the sensor surface results in real-time changes in surface
plasmon resonance. In the present work, chemical ligation was complemented by incorporating a size-
selectivity component to the sensor surface, thus providing a novel combination of both chemical and
physical molecular recognitions. This combination aims to enhance the sensitivity and selectivity of
biosensors when screening complex biological mixtures. For this purpose, porous evanescent wave
sensors were designed and fabricated using a simple and robust microfabrication process. The sensor
surface porosity was generated by incorporating sacrificial star-polymers into a silicate precursor solution
with vitrification resulting in concomitant immolation of the star polymer porogen. The resultant porous
surface morphology was a function of porogen size and loading and was compared to a block co-polymer
self-assembly methodology. Chemical functionalization of the sensors' porous silicate surface with
gamma-aminopropyltriethoxysilane (APTS) provides a convenient means for installing chemical
functionality onto these physically nanostructured sensor surfaces. Further development of methodology
for tailoring both the chemical and physical components of these sensor surfaces for specific applications
is currently in progress.

Progress Towards the Asymmetric Catalytic Synthesis of Novel Proteasome
Inhibitors Utilizing an Intramolecular Allylation

The Jacobsen Laboratory, Department of Chemistry and Chemical Biology

Erika Geihe egeihe@fas.harvard.edu
Currier 2008
Chemistry

The natural product lactacystin and analogs are important target molecules for total synthesis due to
their interesting structures and proteasome inhibition activity. The proteasome, a multi-subunit protein
complex, is involved in a variety of cellular processes including oncogenesis, apoptosis, and the immune
response. It contains three proteolytic active sites, one of which is preferentially targeted by lactacystin.
We set out to design analogs of lactacystin which would target the other two active sites of the
proteasome. We envisioned that we could access these analogs through an intermediate bearing an allyl
sidechain. This functionality was installed via an intramolecular allylation reaction. Elaboration of the
product to correlate with a known lactacystin analog enabled us to determine the diastereoselectivity of
this reaction. The major product of this transformation was the undesired diastereomer. Current work is
aimed at developing a method to invert this stereocenter, providing a key intermediate en route to novel
analogs.
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Metalloorganic-Polyoxometalate Hybrid Complexes as Green Oxidation
Catalysts

Weizmann Institute of Science: Rechovot, Israel

Craig Gorin cgorin@fas.harvard.edu
Pforzheimer 2009
Chemistry

This research focuses on one of the most important aspects of oxidation chemistry: the activation of
molecular oxygen and its use in selective oxidative transformations of organic substrates such as
hydrocarbons, alcohols, amines and sulfides. In particular, it looks to use oxygen as the primary oxidant,
following all the proposed principles of “Green Chemistry” and allowing for economic and ecological
sustainability. Historically, one catalyst reaction site methods have failed to yield these desired
transformations, so binary catalyst systems have instead been proposed. In this research, metalloorganic
complexes including phenanthroline, acetylacetone, and imine-pyridine will be peripherally modified with
redox catalysts; polyoxometalates. Previous research has attempted to use electrostatic interactions to
facilitate this binary reactivity, but yield and selectivity still leave much to be desired. Instead the
research proposes the use of Polyethylene Glycol and its subsequent hydrogen bonding with
polyoxometalates as a peripheral linker to the organometallic structure, to enhance the necessary
interaction. In addition, Polyethylene Glycol should enhance the solubility of this hybrid complex and
allow water to be used as a solvent in these oxidation reactions. The research involves the synthesis and
characterization of these hybrid complexes, and their application in selective oxidation transformations.
Besides fundamental scientific interest of developing new methods for the activation of molecular oxygen
in the absence of co-reagents, there is an enormous economic and societal backdrop and incentive for
such transformations. For example, (@) epoxidation of propene (6 G$/y industry) is still carried out using
molecular chlorine as reagent or either isobutene or ethylbenzene as co-substrate. This creates
environmental waste and is much more costly than a simple catalyst. (b) Alkanes are plentiful as waste
products from petroleum refining, so their direct hydroxylation to useful products would simplify the
petrochemical industry.

Synthesis of a Functionalized C-Ring Precursor to Taxol
The Tucci Laboratory, Joelle Prunet-Ecole Polytechnique France

Stefan Katman skathman@fas.harvard.edu
Kirkland 2009
Chemistry

Taxol is a potent cytotoxin which occurs naturally in the bark of the Pacific yew tree. It is currently on
the market, and has been successfully used to treat breast and ovarian cancers. Taxol inhibits the
growth of cancerous cells by blocking the formation of microtubules. Its complicated three ring structure
as well as its anti-cancer effects make it an ideal candidate for total synthesis. To date, 6 total syntheses
of Taxol have been published, making it one of the most intensely studied compounds. Dr. Prunet has
proposed a semi-convergent total synthesis of Taxol in which the key step is a ring-closing metathesis
reaction to form the eight-membered B-ring. A-ring and C-ring precursors are prepared beforehand and
joined via a Shapiro coupling. Previous studies of the metathesis reaction have been conducted using a
non-functionalized model C-ring. My project consisted in the preparation of fully functionalized C-ring
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precursor containing two alcohol groups. The synthesis begins with enantiopure (S) Wieland-Miescher
ketone, which can be easily prepared in two steps. The unconjugated ketone group is then
stereoselectively reduced to an alcohol, which is then protected by a benzoate group. Ozonolysis breaks
the conjugated double bond to form a carboxylic acid, which is converted into a methyl ester via an acyl
chloride. A stable Tris-hydrazone is then formed by an acid-catalyzed reaction with a Tris-hydrazine.
After this, the ester and benzoate groups are reduced to alcohols with DIBAL. It remains to find
adequate protecting groups for the two alcohols before the C-ring precursor can be used in the Shapiro
reaction.

Adrimid Biosynthesis and Promiscuity of AdmF
The Walsh Laboratory

Kipyegon Kitur kipyegon@fas.harvard.edu
Adams 2009
Chemistry

Andrimid Biosynthesis and Promiscuity of AdmF. The current bloom of multidrug-resistant bacterial
pathogens threatens to drag our society back to the 19th century. Therefore, there is a pressing need of
synthesizing antibiotics with new and improved modes of action. Andrimid (adm) is a promising antibiotic
that can replace the current antibiotics which bacterial pathogens have developed resistance to. Adrimid
is an inhibitor of bacterial acetyl-CoA carboxylase, a necessary enzyme in the formation of prokaryotic
fatty acids [1]. Recently, it was reported that AdmF, a new transglutaminase-like protein, catalyzes the
first amide bond formation in andrimid biosynthesis [2]. We are evaluating the promiscuity of AdmF, in
an effort to discern its selectivity. After making different variants of octratrienoyl-chain and installing
them on carrier proteins, it was found out that AdmF can catalyze their bond formation with beta-Phe- S-
AdmA without discrimination. This finding implies that we can make variants of andrimid with improved
effectiveness which can combat the current threatening rise of antibiotic resistant bacteria. [1] Jin, M.,
Fischbach, M. A. & Clardy, J. "A biosynthetic gene cluster for the acetyl-CoA carboxylase inhibitor
andrimid" . J. Am. Chem. Soc. 128, 10660-10661 (2006) [2] Fortin P, Walsh C.T. & Magarvey N. "A
Transglutaminase Homologue as a Condensation Catalyst in Antibiotic Assembly Lines." Nature (2007).

Synthesis of a potent and selective inhibitor for b-raf
The Gray Laboratory, Dana Farber Cancer Institute, Harvard Medical School

Christina Li cwli@fas.harvard.edu
Lowell 2009
Chemical and Physical Biology

B-raf is a member of the ERK signal transduction pathway, which responds to extracellular growth factors
to activate transcription of genes necessary for cell growth and proliferation. With over 30 identified
mutations related to human cancers, it is an important target for the design of small-molecule inhibitors.
B-raf was found to be susceptible to type II kinase inhibitors, in which the small-molecule inhibitor binds
both to the ATP pocket as well as to an adjacent hydrophobic site. This binding mode tethers the kinase
in an inactive conformation and prevents it from phosphorylating downstream targets. The general
pharmacophore for type II kinase inhibition involves a flat, heterocyclic *head’ region that can hydrogen
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bond to hinge residues of the kinase and make hydrophobic interactions with the ATP pocket, and a ‘tail’
region that contains a hydrogen bond donor-acceptor pair and a hydrophobic region to bind to the
allosteric site. A library of type II inhibitors was synthesized and screened in a cell-based assay, and a
lead compound was identified that inhibited b-raf (IC50=0.8362uM), PDGFR (IC50=0.03822uM), c-Kit
(IC50=0.0306uM), and bcr-Abl (IC50=1.759uM). Optimization was chosen to proceed for b-raf because
of its biological importance as a cancer target as well as the current dearth of potent and selective b-raf
inhibitors. The lead compound consists of an oxazole head group and a tail containing a phenyl ring
bonded to a solubilizing imidazole, linked by a phenyl group and two amide bonds. Analogues of this
compound were made in by substituting related head and tail groups for those of the lead compound and
reversing the amide conformations. Initial results from cell-based screens yielded surprising results.
None of the analogues showed significant inhibition of b-raf (IC50>7uM) but were both potent and
selective for c-Kit. Additional compounds are planned that alter the central phenyl ring and utilize urea
linkages rather than amide bonds.

Investigating Chemical Approaches to Alpha-Helix Stabilization
The Verdine Laboratory, Department of Chemistry and Chemical Biology

Hai Xi Li hxli@fas.harvard.edu
Leverett 2009
Chemistry

Disrupting protein-protein interactions with the more established therapeutic class of small molecules has
proven limiting, as the interface between proteins is often large and devoid of any deep hydrophobic
invaginations for small molecule binding. Evaluation of the alpha-helix, which can interact with proteins
with large surface areas, may lead to a new class of therapeutics against a broad range of biological
targets. Although excised alpha-helices tend to lose their critical three-dimensional structure and become
more prone to proteolysis, a chemical approach termed hydrocarbon stapling has been developed to
stabilize alpha-helices. In this approach, non-natural amino acids are incorporated into the peptide and a
hydrocarbon “staple” or a cross-linking system within the molecule is created through alkene ring closing
metathesis. This method renders the peptide helical, less prone to proteolytic degradation and cell
permeable. However, the present alkene ring closing metathesis cross-linking system creates an olefin
staple containing a mixture of cis and trans double bond isomers, one of which being more desirable. To
further understand the role of the isomers and to develop a controlled method of synthesizing a desired
pure isomer, this study aims to synthesize alkyne cross-linkers followed by selectively reduction to either
the cis or trans alkene, generating authentic samples of each isomer. Meanwhile, a new click cross-linking
system featuring the “click” cycloaddition of an azide and an alkyne is also being developed as an
alternative to metathesis. This system yields triazole five-membered ring with a significant dipole moment
instead of an olefin. The reaction may serve as a reliable method as it is exothermic and regiospecific and
can be run in organic and aqueous solvents. Preliminary circular dichroism measurements of the helical
content in click cross-linked peptides show increased helix stabilization. Synthetic chemistry was used to
generate the non-natural amino acid building blocks to form cross-linkers. These unnatural amino acids
include methylated alkynes for alkyne ring closing metathesis and terminal alkyne and azide for click
cross-linkers. Optimization of reaction yields is in progress. Gaining access to these unnatural amino acids
with different cross-linker length and stereochemistry will allow the screening of multiple cross-linkers
configurations to identify the optimum cross-linking system. When cross-linked alpha helices are
obtained, CD will be employed to measure the helical content of peptides. Cell permeability assays will

-13 -




Harvard College Undergraduate

HCURA

Research Association

Chemistry

be performed to examine the cellular uptake level of the peptides and Trypsin digests will be used to
examine the metabolic stability of the peptides.

A Chemical Biology Approach to Protein Methylation

The Kapoor Laboratory, Rockefeller University

Anna Shneidman ashneidm@fas.harvard.edu
Lowell 2009
Chemistry and Physics

Protein methylation is a posttranslational modification that affects the spatial and temporal regulation of
proteins. In particular, lysine methylation by protein lysine methyltransferases (PKMTSs) is thought to
contribute to important cellular processes such as gene expression and oncogene stability. Despite a
burgeoning interest in protein lysine methylation, little is known with respect to the timing and
localization of PKMT activity in vivo. Selective chemical probes have been used to elucidate the
spatiotemporal features of many other proteins. However, finding such probes has been difficult for
PKMTs because most share the highly conserved SET domain in their binding pocket. In order to
circumvent this issue, we are using the so-called “bump-and-hole” approach to develop allele-specific
inhibitors. Mutations are introduced into the conserved binding pocket by site-directed mutagenesis that
can sensitize a specific PKMT to chemically-modified analogues of an inhibitor. In our studies, mutations
of three active site residues (E356A, W352F, and H297K) were separately introduced into the SET-
domain of SET7/9 by site-directed mutagenesis. The design of a specific enzyme/inhibitor pair should be
applicable to other proteins containing a SET-domain and can give precise temporal and spatial
information about their function in vivo.

Computer model of the neonatal mouse action potential
Mt. Sinai Medical Center

Linda Wang ljwang@fas.harvard.edu
Winthrop 2009
Chemistry

Most therapies for heart disease are based on our understanding of the function of the adult heart. The
dramatic differences in action potential (AP) shape between neonatal and adult cardiac myocytes,
however, indicate that a different set of molecular interactions operates in the hearts of newborns, and
different therapies may therefore be appropriate for these patients. Computational modeling is a useful
method for synthesizing data obtained from multiple sources to determine how changes in the behavior
of multiple individual entities may lead to changes in function. However, the use of this technique to
study the function of neonatal cardiac myocytes has been limited. We created a mathematical model of
the AP of the neonatal mouse myocyte by beginning with a model of the adult cell and modifying the
densities and/or formulations of ion transport mechanisms based on experimental data obtained in
neonatal cells. The new model reproduces the AP shape characteristic of neonatal mouse cells, with a
brief plateau phase and longer duration (APD80=59.2 ms) compared with the adult (APD80=12.5 ms).
The simulation results are broadly consistent with a wide range of experimental data, including: 1)
decreased density, and altered inactivation properties, of transient outward K+ currents, 2) increased
delayed rectifier K+ currents, 3) Ca2+ entry through T-type as well as L-type Ca2+ channels, 4)
increased Ca2+ influx through Na+-Ca2+ exchange, 5) decreased cytosolic Ca2+ buffering, and 6) Ca2+
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transients that rely primarily on sarcolemmal Ca2+ entry rather than SR Ca2+ release. Simulations
performed under AP clamp conditions suggest that the longer AP observed in neonatal cells is critical for
maintaining Ca2+ transient amplitude in these cells. This model can be used in the future to generate
novel predictions and to gain a better quantitative understanding of differences between neonatal and
adult physiology.

The Development of Gold Nanoparticles for Simultaneous Fluorescence
Imaging and Gene Delivery

The Amiji Laboratory, Northeastern University

Thilini Ariyawansa ariyawan@fas.harvard.edu
Harvard Yard 2011
Molecular and Cellular Biology

Due to the controversy associated with the use of viral vectors for gene delivery, much effort has been
made in the way of research concerning the use of nonviral vectors. Unfortunately, many of these
nonviral vectors are often associated with low transfection efficiencies, and as a result synthetic polymers
have been targeted as a potentially more profitable vectors for delivery. Recent studies have suggested
that gold nanoparticles coated with the cationic polymer polyethylenimine (PEI) may present an attractive
solution due to intrinsic properties of the polymer. In this study, we attempt to synthesize PEI-coated
gold nanoparticles to be visualized in vivo in NIH3T3 murine fibroblasts by fluorescence microscopy. We
employ a technique known as “layer-by-layer engineering” to develop an integrated particle consisting of
alternating layers of PEI and DNA, held together by electrostatic interactions between the layers. Using a
PEI-layer tagged with Alexa-fluor 488 and EGFP-NI plasmid DNA we were able to visualize the particles
entering the cells and the subsequent expression of the DNA in the nucleus. Although transmission
electron microscopy and particle sizing data indicate successful coating of the nanoparticles, their efficacy
as vectors for gene delivery is impaired due to their high cytotoxicity and tendency to form aggregations,
significantly decreasing their cellular uptake and transfection efficiency.

Noise in Electromagnetically Induced Transparency
The Walsworth Laboratory, Harvard University

Maria Baryakhtar mbaryakh@fas.harvard.edu
Lowell 2010
Physics and Mathematics

Our project investigated noise propagation in EIT (electromagnetically induced transparency). EIT is a
technique of making an otherwise opaque medium transparent by means of quantum interference. More
specifically, we studied the process of two light fields interfering to produce increased transmission about
an atomic resonance in Rubidium vapor. The motivation behind the study was three-fold: first, studying
noise propagation provides a deeper understanding of the system in question; second, the knowledge
derived from such a study can help to minimize unwanted noise; and last, noise can carry important
information about the medium itself and we seek to make the most of this knowledge. The main sources
of noise in our system are the laser, which emits the light fields, and the synthesizer, which shifts the
laser light to the necessary atomic transition frequency. The random phase and frequency fluctuations in
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the sources are converted to light field amplitude fluctuations (known as PM-AM noise conversion) upon
interaction with the Rubidium atoms. The project consisted of two parts: (1) the correlation study, in
which the interfering light fields were viewed separately and the correlation between their fluctuations
was calculated as a function of various parameters relevant to the system, and (2) the spectrum study, in
which we looked at the total noise level of the output light field. In (1), We found dependencies of the
correlation curve on laser power and the system’s intrinsic decoherence rate, matching extremely well
with theory. For (2), we viewed the output using a spectrum analyzer and noted noise-type dependent
features at the expected Fourier frequencies, also in excellent accordance with theory. EIT has come to
be very important in various applications, such as magnetometry and slow and stopped light. Of
particular relevance to the noise study is the use of EIT in atomic clocks to set a frequency standard: the
PM-AM noise is believed to be main limitation of frequency stability, affecting it by as much as two orders
of magnitude. Possible consequences of the study include using correlation patterns and knowledge of
the noise features to minimize noise in clocks; the noise feature providing a clear indicator of noise type,
and its sensitivity and robustness serving as a tool to harvest accurate information about the system.

Microfluidic cellular double-encapsulation in a polymer shell
The Stone Laboratory, Harvard University

Alexander Bick bick@fas.harvard.edu
Cabot 2010
Engineering Sciences

A key challenge in biological research today is the manipulation of cells on an individual or small group
level. Single cell manipulation provides a basis for complex tissue engineering challenges, advanced cell
culturing and cell cryopreservation , while single cell analysis enables significant advances in the areas of
stem cell differentiation, cell signaling, high throughput screening and disease diagnosis. Certain
application specific approaches have been developed, but there is currently no general platform flexible
enough to enable all of these applications. In this study we developed a novel platform for encapsulating
cells suspended in a biocompatible buffer solution within a solid shell of TPGDA polymer. The platform is
flexible in that it can produce double emulsions of varying sizes and cell concentration. We can control
the size and shape of these emulsions through mathematical modeling of different flow rate parameters.
The cell concentration in the double emulsions may be controlled by adjusting the flow rate parameters
and concentration. We have discussed a generally applicable approach to selecting appropriate fluids that
function within this platform. We have also provided a comparison with the microcapilaries approach to
double encapsulations and find that it is similarly capable.

Enhancing Robotic Grasping with Piezoelectric Sensors

The Howe Laboratory, Harvard BioRobotics Laboratory

Jason Gao jasongao@fas.harvard.edu
Leverett 2010

Electrical Engineering/Computer Sciences

The Harvard BioRobotics Lab has developed a compliant robotic hand that allows grasping of objects

even within large positioning errors, but improved grasping reliability still requires that the hand be able
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to detect how it has made contact with its target, so that the hand can be repositioned accordingly in
real-time. Through the use of Shape Deposition Manufacturing (SDM), films containing piezoelectric
material were embedded into the soft inner pads of finger linkages to allow dynamic measurements of
pressure on a finger linkage. The piezoelectric material generates a voltage when stress and/or pressure
is applied, which has been measured and recorded using custom computer software for further analysis
and study. Preliminary results have thus far indicated that detecting when objects are sliding along the
finger is difficult; voltages generated by objects sliding along the piezofilm show no remarkable
characteristics in a graph of the piezofilm response until the object has been dropped. However, distinct
transients are generated in normal and non-normal object contact with the finger surface, allowing fairly
reliable identification of initial object contact. With the hand's current architecture of two piezofilm
sensors per finger, and a total of four fingers, this provides eight distinct zones of contact that can be
uniquely identified and located in order to assess how the hand has contacted the object. The data also
indicates that it may be possible to distinguish different areas of contact even within the same piezofilm
sensor, by utilizing characteristics of how the piezofilm deforms under surface-lateral and surface-normal
contact. Further research is being conducted to study how to utilize these findings in control of the hand.

An Extra Spin on Nerve Regeneration: Synthesis of an Electrospun Spinal
Cord Nerve Conduit

The Gottlieb Laboratory, Institute for Soldier Nanotechnologies

Amardeep Grewal agrewal@fas.harvard.edu
Harvard Yard 2011
Human Evolutionary Biology

A novel electrospun nerve guide tube has recently been synthesized for spinal cord nerve regeneration.
The guide tube was created from the bioresorbable polymers poly(E-caprolactone) (PCL) and poly(D-
lactic-co-glycolic acid) (PLGA). To optimize the strength and elasticity of the guide tube, various
concentrations and blends of PCL and PLGA have been mixed and electrospun. Mechanical testing was
conducted to determine the modulus, toughness, and the stress and strain at the fracture point of the
tubes. These values were compared amongst the various tubes, and then compared against guide tubes
that had been annealed to promote crystallization. The degree of crystallinity present within the
electrospun tubes was determined by differential scanning calorimetry. The annealed guide tube created
by a blend of 5% PCL and 5% PLGA solution in 3:1 chloroform:methanol showed the greatest strength
and elasticity. The morphological studies that were performed showed the changes that occurred within
the scaffold while in tension and in a hydrated environment. In vitro and in vivo tests in mice suggest
that the tubular scaffold allows for cellular migration and attachment. This nerve guide tube shows great
promise for soldiers who are injured while at war, or for civilians who suffer from spinal cord trauma.
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An Atom Interferometer with Atoms Guided by Counter-Propagating Optical
Lattices

The Kasevich Laboratory, Stanford University

Tim Kovachy tkovachy@fas.harvard.edu
Winthrop 2009
Physics and Math

We propose a novel atom interferometer that uses counter-propagating optical lattices to guide atoms
along the interferometer’s respective arms, and we consider its applications to high precision
measurements. Our method differs significantly from traditional atom interferometry, in which atoms
only interact with laser light during short pulses. Our theoretical calculations indicate that given similar
experimental conditions, our interferometer can perform measurements with precision several orders of
magnitude greater than that attainable with traditional atom interferometers. A particularly promising
configuration for our atom interferometer involves splitting a cloud of atoms, pulling the two halves of the
cloud apart to a maximum distance, and then holding the two halves of the cloud in an optical lattice for
several seconds before bringing them back together and interfering them. For a traditional atom
interferometer in the earth’s gravitational field, the interrogation time is limited by the time it takes for
the atoms to fall out of the interferometer region. By using an optical lattice to hold the atoms against
gravity, we can eliminate this constraint. We propose a number of experiments to exploit the sensitivity
of the atom interferometer that we have developed. One application involves a highly sensitive test of
the charge neutrality of atoms. In addition, we can construct a gravity gradiometer that is multiple
orders of magnitude more sensitive than gravity gradiometers using traditional atom interferometers.
Such a gravity gradiometer can be used to detect gravity waves. We have devised both earth-based and
spaceborne experimental setups to observe gravity waves. Moreover, by imposing different accelerations
in the two arms of the interferometer, we can attain a photon recoil measurement several orders of
magnitude more precise than current measurements. From this measurement, we can determine the
fine structure constant to greater precision than has been previously achieved.

An Integrated SmartChip for the Rapid Identification of Bioterrorist Agents
and Early Diagnosis of Cancer: A New Take on Surface Molecular Imprinting

The Rafailovich Laboratory, Stony Brook University

Vijay Jain vjain@fas.harvard.edu
Harvard Yard 2011
Physics

Biosensing technology has recently developed in a highly specific and rapid manner. Renewed interest
has been sparked by the proliferation of hazardous biological warfare agents. It is important that a
sensor provides a rapid response and requires a very small amount of sample. This investigation
incorporates molecular imprinting of self-assembled monolayers (SAMs) for significantly large target
molecules and establishes the specificity of the imprinted structures. In molecular imprinting of SAMs,
functionalized monomers crystallize around target molecules on certain conductive substrates, which are
later extracted away to create receptor sites specific in molecular structure to the target molecule on a
gold surface, integrating the sensing element and transducer into a smart chip. We show detection of
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poliovirus in nanogram quantities (parts per trillion) and the application of our sensor to the detection of
cancer-marker proteins for the early diagnosis of cancer. Furthermore, we demonstrate the selective in
vitro sensing of cancerous tissue in cell media. This technology is in the process of being implanted in
vivo to be externally monitored. (*Research conducted with Dr. Miriam Rafailovich, Dr. Yantian Wang,
and Ms. Jinju Yi.)

Aerosol Delivery of the Tuberculosis Vaccine BCG
The Edwards Laboratory, Harvard University

Tarik Umar umar@fas.harvard.edu
Leverett 2010
Social Studies

Tuberculosis (TB) killed 1.6 million people in 2005, more than 90 percent of whom live in developing
countries, and more than 33% of the world’s 6 billion people harbor the disease-causing mycobacterium.
The primary vaccine for TB is the freeze-dried preparation of Bacille Calmette-Guerin (BCG) but its
efficacy varies wildly in developing countries, ranging from 0-80%, due to a host of factors, including
dramatic transportation and storage stresses from shaking, humidity, and temperature fluctuations. We
in Gordon McKay Professor David Edward’s bioaerosol laboratory are creating a spray-dried form of the
BCG vaccine that is not frozen but rather dried by exposure to intense heat for a fraction of a second.
The resulting powder is inhalable and shown to have greater stability at room (25°C) and tropical
temperatures (40°C). To improve the already significant benefits over freeze-drying, we are engineering
the lipid content of the mycobacterial wall and cell membrane to reduce osmotic stresses on the
mycobacterium during the drying process, thereby creating a more viable vaccine. Our results show that
adding lipids adonitol and glutamic acid to the membrane coat of the mycobacterium shows log factor
improvement in the number of colony forming units, a measure of viability, at temperatures ranging from
40C to 40°C. Using a model lung, known as an Anderson Cascade Impactor, we also show that the
powders are aersolizable and are on the inhalable scale of 1-5 pym necessary to be delivered to the alveoli
of the lung where absorption may take place. Our lab plans to apply the technology to antibiotics and
other vaccines.

Probing Non-Linear Rheology with Free Oscillations
The Weitz Laboratory, Harvard University

Norman Yao nyao@fas.harvard.edu
Winthrop 2009
Physics and Math

Free strain oscillations occur in rotational rheometry as a consequence of a material’s elasticity and the
bearing inertia. These oscillations have been used to characterize the viscoelastic properties of materials
in the linear regime. Extending this technique to the non-linear regime provides accurate and efficient
measurements of non-linear elasticity and dissipation. Rheological measurements are exceptionally
important in characterizing a material’s properties. Measurements are typically performed in the linear
regime where a material’s response maintains a direct linear relationship to the input stress or strain.
However, many materials exhibit a non-linear response that is both relevant and important. For example
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many biopolymer networks exhibit a pronounced non-linear rheological response (Storm, Pastore et al.
2005). The importance of this non-linearity has inspired in vitro studies of a variety of biological gels
ranging from actin to collagen. Many of these in vitro gels show remarkable strain-stiffening behavior.
Accurately characterizing the response in this non-linear stiffening regime is an important challenge.
Utilizing the biologically relevant and well-characterized material fibrin we examine the non-linear
elasticity and dissipation as determined from free strain oscillations, and compare these values with
current rheological probes of non-linear rheology. Fibrin networks, which acts as the integral component
of blood clots, are an excellent model system with which to study the physics of biopolymer networks and
are also an important part of the homeostatic process. A simple and accurate way to characterize the
elasticity and dissipation of a material at all stresses is vital to understanding a material’s responses in the
non-linear regime. A comparison of these various methods is essential to determine internal consistency
among the measurements and will further provide insight into the use of non-linear free oscillations as an
effective way to characterize non-linear material properties.

Partition Regularity of Nonlinear Systems
The MclLeod Laboratory, Mount Holyoke College

Eleanor Birrell ebirrell@fas.harvard.edu
Pforzheimer 2009
Mathematics

Ramsey Theory is subfield of Combinatorics that studies the preservation of properties under arbitrary
partitions of sufficiently large sets. A general question in this field asks for which equations there exists a
monochromatic solution under any finite coloring of the natural numbers. A system with this property is
called “partition regular.” Richard Rado answered the question for linear systems, but much less has been
written about nonlinear equations. Over the summer, I looked at the literature available and put together
a paper, composed of my work combined with published results, which discussed different techniques for
determining the partition regularity of certain types of nonlinear systems.

As far as I know, there are three different techniques for approaching this question in a nonlinear
context. First, it is sometimes possible to construct a bijective map between an understood system
(usually a linear system) and a nonlinear system. The second technique is to combine understood
systems (usually linear) using basic arithmetic operations. The third technique is to employ the algebraic
structure of the Stone-Cech Compactification to prove Ramsey theoretic results over an arbitrary group.
However, these techniques cannot be applied to all nonlinear systems. In particular, no one understands
the partition regularity of the equation x*+y®=z>. These open questions give rise to many more
questions: how can the connection between Ramsey Theory and Topological Dynamics applied to
Nonlinear Ramsey Theory? Can Ramsey Theory be connected to other mathematical fields? And might
the techniques born of these connections bring answers to some of the many still open questions?
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A New Lower Bound on the Number of Questions Required to Guess Two
Secrets

The Godbole Laboratory

Kelley Harris kharris@fas.harvard.edu
Quincy 2009
Mathematics

The Guessing Secrets game is a generalization of 20 Questions in which a secret-keeper covertly singles
out « of the NV objects in some universe Q and a secret-guesser tries to obtain as much information as
possible about the secrets by asking yes-or-no questions. Most work on this problem concerns the size of
an optimal guessing strategy, a set of questions that is guaranteed to extract as much information about
the secrets as possible regardless of the secret-keeper's tactics. An adaptive guessing strategy assumes
that the secret-keeper answers each question as soon as the guesser asks it, while an oblivious strategy
assumes that the guesser must ask all of the questions he or she plans to ask before the secret-keeper
answers any of them. Previous work on the case of k = 2 secrets has revealed that the size of an optimal
adaptive strategy is between 3log, /Vand 4log, N questions, while the size of an optimal oblivious
strategy is between 3log, Vand 15.57 log, NV questions. Here, we improve the lower bound on the size of
an oblivious strategy to 5.19 log, AV proving that the two strategies differ for the case & = 2.

Separating Models of Learning with Faulty Teachers

School of Engineering and Applied Science, Harvard University

Shrenik Shah sshah@fas.harvard.edu
Quincy 2009
Mathematics

The paper is joint work with Vitaly Feldman and Neal Wadhwa. It was accepted by the Algorithmic
Learning Theory conference in Japan, where I delivered a talk on our research, and invited to a special
issue of the journal Theoretical Computer Science. I don't plan to turn this into a poster, as this would
not be an appropriate medium. The following is the abstract of the paper: We study the power of two
models of faulty teachers in Angluin's exact learning model. The first model we consider is learning from
equivalence and incomplete membership query oracles introduced by Angluin and Slonim. In this model,
the answers to a random subset of the learner's membership queries may be missing. The second model
we consider is random persistent classification noise in membership queries introduced by Goldman et al.
In this model, the answers to a random subset of the learner's membership queries are flipped. We show
that the incomplete membership query oracle is strictly stronger than the membership query oracle with
persistent noise under the assumption that the problem of PAC learning parities with noise is intractable.
We also show that under the standard cryptographic assumptions the incomplete membership query
oracle is strictly weaker than the perfect membership query oracle. This strengthens the result of Simon
and resolves an open question of Bshouty and Eiron. Our techniques are based on ideas from coding
theory and cryptography.
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Characterization of Biological Small Molecule-Nucleic Acid Conjugates
The Liu Laboratory, Department of Chemistry and Chemical Biology

Isha Agarwal iagarwal@fas.harvard.edu
Leverett 2009
Chemical and Physical Biology

Studies in our group have shown that the functional capacity of nucleic acids can be increased by the
covalent attachment of small molecules. We have recently speculated that cellular nucleic acids may be
similarly modified. Initial results using an LC/MS based screen suggest that coenzyme A (CoA), in addition
to thio-ester derivatives of CoA, are covalently bound to the 5-terminus of cellular RNA. These
modifications have been observed on E.coli, S.venezuelae, and S.pombe RNA. To understand the
biological significance of the CoA conjugated RNA we have purified the modified RNA from cellular RNA
using the CoA as a chemical handle. Ultimately the cloning and sequencing of the CoA conjugated RNA
will be paramount in understanding cellular function of these modifications. The nucleotide cofactors are
interesting modifications to cellular RNA as they are structurally similar to canonical RNA bases; yet
greatly expand the functional capacity of RNA. With this in mind we are currently analyzing cellular RNA
to determine if other nucleotide cofactors are conjugated to RNA.

Elucidation of Genes Involved in Embryonic Tracheal Development of
Drosophila melanogaster

The Krasnow Laboratory

Sarah Anoke sanoke@fas.harvard.edu
Mather 2009
Chemistry

Understanding tubulogenesis is of particular relevance to human health, as many organs are composed of
interconnected networks of epithelial tubes. To understand the morphogenesis of these complex systems,
the larval trachea of Drosophila melanogaster has been used as a model organ. The development of this
system depends on a regulatory cascade of genes, which begins with trachealess. Mutations in the
trachealess gene prevent any tracheal invagination, the first step of tracheal development, revealing it to
be the most important thus far in tracheal development. Recently, expression profiles of Drosophila
embryos mutant for the trachealess gene were compared to wildtype tracheal gene expression using
microarrays to identify genes dependent on trachealess expression. Four trachealess-dependant genes
were chosen from this analysis, and tracheal morphology was analyzed using luminal and cell membrane
markers. Thus far embryos deficient in ferritin, split ends, and jaguar were not found to have aberrant
tracheal development, while echinoid may display a phenotype. Furthermore, embryos deficient in
echinoid will be tested with more specific tracheal antibodies, and mutant embryos of six additional
trachealess-dependant genes will be analyzed in the future.
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The Role of Regulatory T Cells in Cryptosporidium Infection

Mucosal Immunology Unit, Lab of Parasitic Diseases, National Institute of Allergy and Infectious Diseases,
NIH

Sarah Arshad sarshad@fas.harvard.edu
Leverett 2009
Folklore and Mythology

Regulatory T cells (Tregs) can suppress effector T cell responses, which respond to both pathogens,
during infection, as well as self-antigens. FoxP3 is a biological marker for Tregs and can be measured to
determine Treg presence. The parasite Cryptosporidia spp. can be found in the water supply, leading to
severe outbreaks in human communities. Infection causes transient diarrheal disease in immune
competent people, but can cause severe morbidity and mortality in immunocompromised patients.
Cryptosporidia is re-emerging as a major infectious disease of immunocompromised patients, such as
those with HIV, or those undergoing immunosuppressive therapies. CD4+ T cells and Ifn-g play a role in
the clearance of the parasite, and Tregs have been shown to play a major role in the control of a large
number of infections, but little is known about what role Tregs play in the clearance of this parasite. To
address the role of Tregs in controlling immune responses in the gut during C.muris infection, immune
responses (both Treg and Teffector) in the stomach, the stomach draining lymph node, and the spleen
were stained according to the eBiosciences (for FosP3) and BD (for cytokines) kids. The dynamic of the
immune responses (regulatory and effector) to cryptosporidium muris infection was measured.

The infection was self-resolved, peaking at 15 days post infection. There was a significance increase in
the number of lymphocytes during the infection, especially dramatic in the stomach—the site of the
infection. IFN-g, the primary effector cytokine during this infection, increases in parallel to oocyts
production during the acute phase of the infection, as determined by Qiagen extraction and Real Time
PCR analysis of stool samples. The rise in FOxP3 expressed in cells during infection is likely indicative of
Treg cell function in limiting immune induced pathology.

Shear flow-dependent manipulation of apical and subendothelial chemokine
gradient in T-cell chemorepulsion: implications for locomotion and the
multistep paradigm

Department of Dermatology and Medicine, Harvard Institutes of Medicine, Brigham and Women's Hospital

Catherine Buzney cbuzney@fas.harvard.edu
Pforzheimer 2009
Biology

Lymphocyte extravasation is dependent upon emigrating cells' processing chemoattractant signals,
typically mediated by chemokines, found on endothelial surface (apical) and subendothelial (basal)
compartments. Under physiological hemodynamic shear, these chemoattractant signals are essential to
leukocyte-endothelial interactions involved in the cell trafficking multistep paradigm. Using a transwell-
based flow assay, [1] it has been shown that while the solo presence of an inflammatory chemokine
CCL5 (RANTES) in the subendothelial compartment under static or hemodynamic shear conditions results
in negligible human T-cell migration across inflamed human umbilical vascular endothelial cells (HUVECs),
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the presence of apically presented CXCL12 (SDF-1a) causes T cells under hydrodynamic shear to engage
in LFA-1-mediated transendothelial migration (TEM) toward basally presented CCL5. In this study, we
sought to investigate the novel biological mechanism of chemorepulsion or fugetaxis, in which leukocytes
actively move away from chemokinetic agents including the chemokine, [2] via re-establishment of fresh
apical chemoattractant signal on previously transmigrated human T cells. Using a transwell-based flow
assay and chamber that allowed for apical CXCL12 re-introduction following T cell transmigration, we
found that a large portion of previously transmigrated T cells responded to the presence of fresh, highly
concentrated apical CXCL12, returning to the apical surface of the endothelial monolayer and thus
achieving fugetaxis. CXCL12 re-introduction also resulted in T cell morphological changes and amplified
subendothelial locomotion, indicating that under shear forces, lymphocytes previously respondent to
integrated apical and subendothelial chemokines continue reacting to chemoattractant and integrin
engagement signals. Apical addition prior to fresh CXCL12 introduction of AMD3100, a stimulant for
blocked binding of CXCL12 to receptor CXCR4, causing migration of Hematopoietic Stem Cells (HSCs)
from bone marrow into peripheral blood circulation, resulted in decreased levels of T cell chemorepulsion.
This suggests that fugetaxis of HSCs, induced by CXCL12 displacement and potential movement into
peripheral blood, may be the AMD3100 mechanism. [1] Schreiber et. al. Blood, 2007 February. Volume
109, Number 4. [2] Poznansky et al. J. Mol Med, 2005 October. Volume 83, Number 10.

Understanding Synaptic Specificity: Tagging Alpha-Protocadherin
The Maniatis Lab, Department of Molecular and Cellular Biology

Peter Cai petercai@fas.harvard.edu
Adams 2010
Molecular and Cellular Biology

Nerve cells signal to each other and to non-neuronal cells such as muscles at specialized junctions called
synapses. However little is known about how neurons recognize which other neurons to form synapses.
This central challenge in neurobiology is known as synaptic specificity, and the solution lies in each
neuron specifying a distinctive molecular address, derived from a unique gene expression at the single
cell level. A family of proteins called protocadherin (pcdh) concentrated in neurons and the brain has
shown this requisite specific gene expression and thus proven to be strong candidates for this code.
Thus, understanding protocadherin gene expression promises to solve the challenge of synaptic
specificity and offer insight into the causes and possible treatments of many nervous system disorders,
including mental illnesses and neurodegenerative diseases. Our research focuses on the alpha cluster of
protocadherin. Alpha-pcdh exhibits the necessary alternative splicing for unique gene expression, but
little else is known about this key gene cluster. As a basis of learning about alpha-pcdh, we seek to
understand with what alpha-pcdh interacts and where it localizes by creating two in vivo models with
tagged alpha-pcdh. First, we tagged alpha-pcdh with a tandem affinity purification (TAP) tag, which
allows any proteins with which it is interacting to be pulled out of a cell lysis and studied individually.
Thus, we can determine with what and how alpha-pcdh interacts. Second, we are tagged alpha-pcdh
with the mCherry fluorescent tag, allowing us to visualize its localization in vivo at various stages of
development. These tagged models are requisite tools for studying alpha-pcdh because working
antibodies are unavailable, and in vivo models must be used because accurate replication of neuron
growth is only possible in whole animals (versus in vitro). My presentation will focus on the designing,
progress, and verification of the targeting vector, which is the key to making these tagged in vivo models.
Afterwards, these vectors target embryonic stem cells and incorporate the tagged gene into the genomic
DNA. These cells are introduced into mice, and the two mouse models will create a window of
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opportunities to study alpha-protocadherin and answer the pressing neurological and medical issues
surrounding synaptic specificity.

Targeting TRAF Proteins as an Anti-tumor Strategy
The Suttles Laboratory, Department of Microbiology and Immunology, University of Louisville

Yi Cai ycai@fas.harvard.edu
Harvard Yard 2011
Molecular and Cellular Biology

The secondary tumors resulting from metastasis are major causes of mortality associated with human
cancer. To proliferate and metastasize, cancer cells express many secreted and membrane-bound
proteins. Better understanding of mechanisms involved in the production of these proteins will be useful
for developing treatment strategies in cancer therapy. This study examined the roles of tumor necrosis
factor (TNF) receptor associated factors (TRAFs) in proliferation and metastasis of Lewis lung carcinoma
cells (3LLC), as well 3LLC production of MCP-1, MMP-9, and VEGF, which are proteins that play important
roles in tumor proliferation and metastasis. Cell proliferation was measured by H-thymidine
incorporation, and protein secretion was monitored by ELISA. TRAFs act as adapter proteins for a number
of receptors, including CD40, a member of the TNF receptor superfamily. Flow cytometric analysis
revealed that 3LLC express CD40, as well as its ligand, CD154. The results of our study indicate that the
interaction of CD40 and CD154 is involved in the proliferation of 3LLC and in the production of MCP-1,
MMP-9, and VEGF. We demonstrate that cell-permeable TRAF binding peptides (TRAFBPS) can act as
effective inhibitors of 3LLC proliferation, MCP-1, MMP-9 and VEGF synthesis. Therefore, TRAFs can affect
multiple pathways that contribute to cancer growth and metastasis and, thus, may be good targets for
cancer therapy.

Comparison of GP120 and GP120 Mutants in Stimulating in vivo T-Cell
Responses in Mice

The Poznansky Laboratory, Massachusetts General Hospital East

Alexander Chang achang@fas.harvard.edu
Lowell 2008
Biochemical Sciences

Purpose: Gp120, an HIV coat protein previously shown to mediate viral binding onto CD4+ T-cells prior
to entry, is a common component in HIV vaccines. However, in vitro studies with gp120 demonstrating its
chemotactic and fugetactic properties have led to the hypothesis that the protein may actually be
inhibiting or downregulating the immune system and thus offsetting the effectiveness of current vaccines.
Here, we have developed a murine model in hopes of elucidating in vivo T-cell responses against gp120
and gp120 mutants. Methods: Plasmid DNA encoding gp120, gp120 V1/V2 mutant, gp120 V3 mutant (all
experimental), and E7 and sham (controls), was prepared and purified. 25ul luciferase and 25 ul plasmid
DNA were then injected into each thigh muscle of 20 Balb/c mice, which were separated into five
experimental groups. Assay for luciferase expression was performed after nine days, and after twelve
days muscles were harvested from mice. One set of muscles was placed in RPMI, weighed, cut into small
pieces, digested with collagenase IV, and washed in cell media. Cells were then stained with five
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antibodies: FITC/CD3, PE/CXCR4, Pe-Cy7/CD4, PerCP/CD8, and APC/CD19. After fixation with 1% PFA,
flow cytometry was performed on all samples on the FACSCalibur LSRII and analyzed on FlowJo. The
other set of muscles was saved for immunohistochemical analysis; muscles were fixed in 4% PFA/10%
sucrose and 7% sucrose before being frozen in OCT. Muscles were then sliced into 6um thick sections
and then stained with antibodies (Rabbit anti-human CD3 polyclonal, primary; Goat anti-rabbit
Alexafluor488, secondary). Results: Average luciferase expression after nine days was lower in the gp120
and gp120 V3 mutant groups, which indicated lower levels of antigen and a possible increase in T-cell
response for those two groups. However, initial data from flow cytometry showed that levels of CD3, a
marker for T-cells, were similar between most groups, and actually higher in the controls compared to
the experimental groups. Similar results were seen in comparing levels of CD4 and CDS.
Immunohistochemical staining on these samples did not yield definitive results. Conclusions: Preliminary
results have indicated that gp120, specifically the V1/V2 regions, may enhance T-cell response, but more
immunohistochemical and flow cytometric analyses are being done to clarify these findings.

Characterization of the Biochemical Roles of E. coli N-acetylmuramic L-
alanine Amidases

The Kahne Laboratory, Department of Chemistry and Chemical Biology

Chris Chen chen@fas.harvard.edu
Currier 2010
Chemical and Physical Biology

Beta-lactam antibiotics such as penicillin kill gram-negative bacteria by binding to penicillin binding
proteins (PBPs) and preventing proper peptidoglycan synthesis, resulting in a weakened cell wall that
causes the cell to lyse and die. But although antibiotics have been used as part of modern medicine for
over 60 years, little is known about the intricacies of the antibiotic killing mechanism. With resistance to
beta-lactam antibiotics becoming increasingly common, understanding this mechanism is becoming
increasingly critical to human health.N-acetylmuramoyl-L-alanine amidases AmiA, AmiB and AmiC are
hydrolytic enzymes that aid in bacterial cell division, splitting the peptidoglycan of the septum so that
daughter cells can separate. Their cellular role is to cleave the peptide side chains from the glycan
backbone of peptidoglycan. Little is known about the individual amidases’ physiological roles or
enzymatic properties, but past results in our lab suggest that AmiA in particular plays a critical role in the
killing mechanism of beta-lactams. This project is working to understand AmiA’s substrate preferences,
kinetic parameters and domain characterization in an effort to understand its biochemical role and
thereby elucidate AmiA’s potential role in antibiotic resistance. Initial analysis from gel electrophoresis-
based biochemical assays suggest that AmiA cleaves peptidoglycan in a zinc-dependent fashion, has
catalytic residues at Glutamate-80 and Glutamate-242 and may possibly possess a secondary enzymatic
activity in cleaving the glycosidic linkage between peptidoglycan subunits. Experiments are ongoing to
confirm these results. Eventually it is hoped that our understanding of AmiA will advance to the point
where we can obtain a crystal structure of AmiA bound to its natural substrate, giving us a clear picture
of its biochemical role.
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Analysis of Novel Putative Markers for Lung Stem Cells
The Kim Laboratory

Alan Chou alanchou@fas.harvard.edu
Dunster 2010
Chemical and Physical Biology

The goal of this study is to improve the identification and isolation of lung stem cells using novel cell
markers. Bronchioalveolar stem cells (BASCs) can be identified by the intracellular lung lineage markers
CC10 and SPC and can also be isolated using the cell surface markers Sca-1 and CD34. However, current
markers produce nonhomogenous cell populations and new markers are needed to increase the purity of
BASC isolation. Microarray analysis, confirmed with real time PCR, identified 1,156 genes that are
differentially expressed by Sca-1pos and Sca-1neg lung cell populations. From these, a small subset was
chosen and examined by immunofluorescence and immunohistochemistry to determine cell specificity.
Current data indicate that some genes expressed by Sca-1pos cells may be ciliated cell markers. In
addition, even genes more highly expressed in Sca-1neg cells may aid in BASC isolation. Further
understanding of the expression of these genes may enable characterization of subpopulations of lung
cells including BASCs.

Distribution of Fithess Effects of Deleterious Mutations
The Murray Laboratory

Hannah Chung hchung@fas.harvard.edu
Quincy 2009
Chemical and Physical Biology

Selection, under which organisms with advantageous traits tend to survive, drives fitness upwards, while
deleterious mutations drive fitness downward. Theories about how what is known as a selection-mutation
equilibrium is attained as well as the evolution of phenomena such as senescence, genetic recombination,
and sexual reproduction typically call for a better idea of the rate at which spontaneous mutations arise
and the magnitude of their fitness effects. For this reason we are interested in finding out the distribution
of fitness effects of deleterious mutations in Saccharomyces cerevisiae. In order to do so we mutagenize
diploids using UV and the chemical mutagen MMS and conduct large scale tetrad dissections and fitness
assays which utilize flow cytometry. The measure of fitness in which we are interested is the selection
coefficient, s, given by the slope of the line of In(mutated yeast : ancestral yeast) vs. number of
generations, where mutated yeast are competed against the ancestral yeast tagged with a fluorescent
protein. If mutated yeast has some fitness advantage, then s is positive; if it has some fitness defect, s is
negative. Determining this distribution of fitness effects can shed light into how evolutionary phenomena
occur, as well as lend support to the myriad of theories which rely upon spontaneous mutation.
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X-ray crystallographic determination of HIV GP-41 structure
The Harrison Laboratory, Harvard Medical School, Howard Hughes Medical Institute

Robert Corty rcorty@fas.harvard.edu
Mather 2010
Chemical and Physical Biology

HIV is the virus that causes AIDS in humans. Simian Immunodeficiency Virus (SIV) is a closely-related
strain of virus that causes Simian-AIDS in some non-human primates. Both are membrane-bounded
viruses that enter host cells through the following process: 1) receptor-mediated attachment to a host
cell 2) insertion of a fusion peptide into the host cell membrane, and 3) "zipping up" of the protein which
contains the fusion peptide over the course of a few minutes, which pulls the viral membrane into contact
with the host-cell membrane. This fusion protein is known as glycoprotein41l (GP41), and has been the
target of much pharmacological study, including the development of Fuzeon, a peptide that binds GP41
to inhibit the "zipping up" process. Needless to say, a detailed structural understanding is required for
optimal drug development. Previous crystal structures have omitted the transmembrane region and the
fusion peptide region of GP41, but recent research suggests that the final closure of the "zipping up"
process relies heavily on the interaction of the transmembrane region and the fusion peptide. We seek to
better understand the structure of these parts of GP41 by cloning, expressing, purifying, and folding the
protein, including the transmembrane region and fusion peptide, then using X-ray crystallography to
determine the structure. This may be difficult because the transmembrane region and fusion peptide are
highly insoluble -- we plan to use a variety of detergents to attempt to solubilize the protein. The
procedure will be followed on both HIV GP41 and SIV GP41. Our strategy is to express the protein in E.
coli in two different ways: 1) With a His tag for purification, and 2) with a Maltose-Binding-Protein
extension to aid solubilization and purification. Expressed in E. coli, the protein will then have to be
folded. We also intend to express the protein in insect cells, which should fold and secrete it
autonomously. The HIV virus is the cause of the global AIDS epidemic currently devastating sub-Saharan
Africa. Complete, detailed understanding of GP41, so crucial to the HIV life cycle, is one step in
developing fusion-inhibiting drugs.

Interactions between progenitor cells during in vivo vasculogenesis
The Gelbart Laboratory, Joyce Bischoff, Children’s Hospital, Boston

Maria De Obaldia mdeobald@fas.harvard.edu
Adams 2008
Biology

Vascularization of thick implants remains a barrier to the functionality of tissue engineered (TE)
constructs. Vascularization is critical for tissues with volume greater than 2-3 mm3, since nutrient
provision, gas exchange, and waste elimination all depend on diffusion distance. Currently, there are no
tissue engineered (TE) constructs with an inherent microvascular bed which may be connected to the
host vasculature. The Bischoff laboratory has shown that when human cord blood-derived endothelial
progenitor cells (EPCs) and human bone marrow-derived mesenchymal progenitor cells (MPCs) are
combined in Matrigel and subcutaneously implanted into immunodeficient mice, they form a vascular
network with functional anastomoses to the host vasculature. This model takes advantage of the intrinsic
vasculogenic potential of endothelial progenitor cells, which may be obtained non-invasively. The purpose
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of my research is to shed light on the cellular assembly process by which blood vessels form in vivo.
Matrigel implants will be extracted over a time course within seven days following injection. Extracted
Matrigel plugs will be serially sectioned, stained using immunofluorescence, and evaluated by confocal
microscopy. MPCs used were retrovirally transfected to confer expression of green fluorescent protein
(GFP), so that they could be identified. EPCs were identified by using a human-specific antibody against
the endothelial marker CD31. By tracking each cell type over this time course, we hope to explain the
cellular assembly processes that occur in vasculogenesis. Thus far, we have confirmed the presence of
human-specific CD31+ lumens and the perivascular contribution of the MPCs. Ongoing experiments will
further investigate underlying processes of vasculogenesis, such as hypoxia response, proliferation,
migration, and growth factor expression.

Development of TagMan Assays for Known Drug Resistance Mutations in
Plasmodium falciparum

The Wirth Laboratory, Harvard School of Public Health

Shiv Gaglani sgaglani@fas.harvard.edu
Mather 2010
Biomedical Engineering

Purpose: Malaria afflicts over 300 million people and results in more than one million deaths every year.
Despite immense efforts to develop effective drugs against the malaria parasite, it continues to evolve
drug resistance and spread. There are many well-characterized single nucleotide polymorphisms (SNPs)
within key genes that are predictive of increasing drug resistance. The purpose of this study was to
develop TagMan assays to detect these SNPs in the most virulent malaria parasite species, Plasmodium
falciparum. The eventual goal is to study the population genetics of P. falciparum and correlate the
outputted genotype with the drug resistance phenotype for clinical purposes. The assay may also provide
a simple surveillance tool for use in the field. Methods: Filtered patient blood samples (n = 100) in the
form of blood spots on filter paper were obtained from five regions in Senegal (Pikine, Passy, Velingara,
Richard Toll, and Thies) in 2005. P. falciparum DNA was isolated from these blood spots and quantified
using a malaria-specific, real-time polymerase chain reaction (RT-PCR). Each DNA sample was barcoded
(another RT-PCR method) at 21 unique SNPs to ensure that it was from a single malaria infection as
opposed to a mixed infection. TagMan assays were designed to detect 18 drug resistance-related SNPs in
six genes: Dhfr (N511, C59R, S108N, S108T), Dhps (S436A, A437G, K540E, A581G, A613S, A613T),
PfATP6 (S769N), Pfcrt (K76Tie, K76Tmn), Pfmdrl (N86Y, Y184F, S1034C, N1042D), and mitochondrial
cytB (Y268N). Each assay consisted of a forward and reverse primer to amplify the region of interest as
well as a wildtype TagMan probe (VIC-labeled) and mutant probe (6FAM-labeled) to discern which SNP
was present. The assays were run against sequenced strains with known SNP profiles for validation
purposes. Results: Twelve of the 18 TagMan assays worked successfully for both the wildtype and
mutant alleles. The observed results were very similar to the expected results, suggesting that the
genetic technique is robust and specific. Conclusions: We are currently awaiting TagMan assay data from
the unknown samples. At this point, the assays must be optimized. If successful, this genetic tool could
be used extensively to not only diagnose patients with resistant strains of P. falciparum, but to
characterize the parasite population in that region and recommend changes in drug use.
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Potential Immunogenic Sequences for Hepatocellular Carcinoma
The Kaplan Laboratory, University of Pennsylvania

Lin Gao rlgao@fas.harvard.edu
Leverett 2010
Molecular and Cellular Biology

Hepatocellular carcinoma, a form of liver cancer, is the 5th most common tumor in the world. Though it
is endemic in the Africa and Asia, its incidence in the United States has increased. It is most often caused
by Hepatitis B, Hepatitis C, and/or EtOH (excessive alcohol ingestion) and treatment options for it are
very limited. Previous research has found that the proteins Survivin and Glypican3 are upregulated in
patients with hepatocellular carcinoma, though they are not present in normal adult tissue cells.
Therefore, they may potentially be targets for stimulating an effector T cell immune response in HCC
patients. There are online binding algorithms online do predict certain 9mers that would bind to HLA-A2,
which comprises 48% of patients America. A T2 binding assay was used to identify potentially
immunogenic peptides. In T2 cells, there lacks the protein tapasin, which usually forms a bridge between
TAP and MHC protein, allowing the loading of the peptide to the protein. The assay involves adding
exogenous peptide and B2m, allowing stable complexes on the cell surface to form. If the peptide does
not bind, fluorescent antibody falls off and low fluorescence. If peptide does bind, HLA-A2 antibody
stained with FITC can attach to it, therefore restoring the fluorescence to high levels. Overlapping 15mer
peptides of Survivin and GPC3 were tested and then acquired on the FACS Calibur. The Mean
Flourescence Index (MFI) was then used to calculate a binding index. Twelve GPC3 and 2 Survivin
15mers were found to have a binding index of greater than 0.3. Many of these correlated with the 9mer
predictions of 3 online binding algorithms: Syfpeithi, Rankpep, and BIMAS. However, some that were
predicted to bind well did not bind, perhaps due to inaccurate algorithm or the location of the 9mer
within the 15mer. This also allowed an assessment of the efficacy of these three binding algorithm. Thus,
GPC3 and Survivin both contain peptides that bind to HLA-A2. This is an important step that could one
day lead to the development of a tumor vaccine. Questions that still remain to be asked are whether
human APC cells can bind in the same way and if there would be an in vivo immune response to peptides
which would stimulate CD8 T cells to action.

Identifying driver mutations in colorectal cancer via Sleeping Beauty
insertional mutagenesis

The Largaespada Laboratory, University of Minnesota Cancer Center

Mihir Gupta gupta5b@fas.harvard.edu
Dunster 2010
Molecular and Cellular Biology

Somatic cancer tumors harbor many genetic mutations, including those that cause cancer ('drivers") and
many more that occur after carcinogenesis (‘passengers'). In the case of colorectal cancer, many
combinations of known and unknown mutations can drive carcinogenesis. In this study, we induced
colorectal cancer in mice using the Sleeping Beauty (SB) transposon system as a somatic mutagen. SB
alters the expression of a random array of genes, activating oncogenes and disrupting tumor suppressor
genes. Mice were transgenic for the transposon vector, transposase enzyme, and tissue-specific Cre
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Recombinase that directed mutations to the gastrointestinal epithelium. Mice were aged to age 18
months and monitored for tumor development. Gross necropsy and histopathology confirmed that SB
mutagenesis induced colorectal cancer and morbidity in triply transgenic mice (n=45). Triply transgenic
mice developed 14 intestinal tumors on average, whereas none were found in doubly transgenic controls
(n=81). More than 55% of experimental animals became moribund before age 18 months compared to
16% of controls. Transposon insertion sites were cloned from tumor DNA by ligation-mediated PCR and
mapped to the mouse genome. Analysis of over 8,000 insertions from 16 tumors in 63 experimental mice
identified 288 common insertion sites (CIS), each representing a candidate oncogenic locus. Known
colorectal cancer driver loci were disrupted, indicating that transposon insertion successfully uncovered
driver mutations. Most loci found, however, have not been previously associated with colorectal cancer.
The CIS were analyzed by manual literature searches, automated pathway analysis and comparison to
studies in humans. Classical and novel pathways were disrupted at significant rates. Twenty-four genes
were identified for further study based on their potential to be novel colorectal cancer oncogenes. Future
study will supplement the data set with additional tumor samples, analyze the identified genes to find
cooperating mutations/pathways, and test the oncogenic potential of the novel genes proposed.

Functional analysis of a biosynthetic enzyme

The Piel Laboratory

Emory Hsu emoryhsu@fas.harvard.edu
Adams 2008
Biochemistry

The unique epoxyspiroketal moiety in griseorhodin A forms the basis for its telomerase inhibition activity.
The formation of the spiroketal moiety through carbon-carbon bond cleavage and final epoxidation
presents an interesting process that can be exploited to expand the diversity of products from a
polyketide core synthesis. The pathways of each gene product have been assessed through in vivo single
gene knock-outs. GrhO6 is thought to be a FAD-dependent oxidoreductase responsible for the final
carbon-carbon bond cleavage in the spiroketal formation through a Baeyer-Villiger type reaction. GrhO7 is
hypothesized to be a NADPH:Quinone oxidoreductase responsible, directly or through intermediate
formation, for the final epoxidation. To determine the activity of the protein, an in vitro assay of the
grhO6 or grhO7 enzyme with substrates isolated from the in vivo single gene knock-outs was desired.
The grhO6 and grhO7 genes were isolated, amplified, and inserted into vectors for cloning. Vectors were
then created for gene expression in E.coli strains, and protein expression was successfully induced. Both
proteins were purified through column chromatography, and an assay was performed by combining the
grhO6 protein, cofactors, and in vivo single-gene knock-out substrates, with organic extraction of the
reaction at various time points. Analysis showed a reaction with the postulated substrate lenticulone did
occur, proving the grhO6 role in this unique ester cleavage. GrhO7 can also be assayed similarly to
elucidate the method of epoxidation, the final step in the formation of griseorhodin A. A kinetics
measurement can then determine if the enzyme is more adept under given conditions for the catalysis of
these steps in the formation of griseorhodin A, and incorporated into creating more efficient pathways for
possible pharmaceutical candidates.
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Mapping the mutation sidqt34 in C. elegans to elucidate the systemic RNAi
pathway

The Hunter Laboratory, Biological Laboratories

Jenny Hsu jennyhsu@fas.harvard.edu
Lowell 2009
Molecular and Cellular Biology

RNAI is a gene silencing mechanism whereby double-stranded RNA (dsRNA) molecules degrade mRNA
strands in a sequence-specific manner. By introducing the appropriate dsRNAs, scientists may remove
mutant transcripts while leaving healthy transcripts intact, selectively reducing the proteins involved in
disease pathways. Exploiting RNAi may thus be crucial for fighting diseases against which traditional
antibiotics cannot be applied. By targeting mRNA sequences instead of proteins, RNAi therapy may
enhance drug specificity, eliminate unwanted reactions, and allow testing with a familiar, well-studied
substrate. The success of RNAi therapy, however, is contingent upon improving the delivery and
transport of dsRNA-based reagents. Many diseases damage a wide range of tissues across the body, yet
human cells can neither take up dsRNA molecules effectively nor transport them to neighboring cells. My
objective is to enhance the systemic spread of RNAi as a means of improving drug therapy. This systemic
RNAi is observed in only a few organisms, including the nematode worm Caenorhabditis elegans. By
identifying in C. elegans the genes required for systemic RNAi, I hope to recognize human homologues
that may be manipulated to produce similar effects. My current project therefore focuses on the C.
elegans mutant, sidqt34, which is deficient for systemic RNAi. My goal lies in mapping this mutation to a
position on the genome, allowing the wild-type copy of the corresponding gene to be cloned and studied.
Two-point mapping was used to narrow the mutation to the X chromosome. Three-factor mapping with
two sets of markers, dpy6 and unc3, and dpy3 and unc2, was then used to place the gene between 0
and 2.1 Mb on the X chromosome. SNP polymorphism mapping will now be pursued to further narrow
the genetic region of interest, ideally to within 100 kilobases.

Activation of Wnt signaling through 3 -catenin dysregulation drives the
maintenance of CD133+ tumor-initiating cells in human colorectal cancer

The Hahn Laboratory, Dana-Farber Cancer Institute

Supriya Jain sjain@fas.harvard.edu
Cabot 2008
Biochemical Sciences

We propose that j -catenin functions at a higher level in maintaining the subpopulation of colon cancer
tumor initiating cells. We aim to show that colon cancer tumor initiating cells decrease with regulation of
B -catenin. To study the oncogenic relationship between dysregulation of Wnt self renewal signaling
through g3 -catenin and colorectal cancer tumor-initiating cells, we plan to modulate 3 -catenin in human
colon cancer. We propose that depleting 3 -catenin via RNAi will cause a decrease in the tumor-initiating
cell fraction by decreasing the nuclear induction 3 -catenin exerts on gene transcription via interaction
with Tcf (T-cell factor)/Lef (lymphoid enhancer factor) proteins. Further, we hypothesize that the
reduction of S -catenin expression in the nucleus by increased regulation by APC will lead to a reduction
in the colon cancer tumor initiating-cell population. We aim to identify and quantify the tumor-initiating
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cell fraction via characteristic cell surface markers such as CD133 and CD166 that have been previously
shown to enrich for colon cancer tumor-initiating cells. Purification of CD133+ and CD133- cells through
magnetic bead separation will be conducted to assess viability effects. Further, we are interested in if the
CD133+ fraction is sensitive to Wnt signaling modifier targets identified by an RNAi screen. The results of
such a study will help elucidate the role of j -catenin and Wnt signaling in maintenance of these tumor-
initiating cells and will identify a therapeutic target to eradicate the source of colorectal carcinogenesis.

The Role of Inositol Phosphate in the mTOR Signaling Network
The Blenis Laboratory, Harvard Medical School

Warakorn (Pete) Kulalert kulalert@fas.harvard.edu
Leverett 2010
Molecular and Cellular Biology

The Mammalian Target of Rapamycin (mTOR) has been identified as a crucial component of the signaling
pathways that regulate various biochemical processes in the cell including protein synthesis, ribosome
biogenesis, and cell cycle progression. Inappropriate regulation of mTOR leads to a variety of pathological
disorders such as cancer, obesity, and diabetes. Elucidating the mechanisms underlying the mTOR
pathway is thus necessary for finding therapeutic targets and effective treatments of these diseases.
siRNA has recently emerged as a valuable genetic tool in mammalian cells, allowing for the specific
inhibition of gene expression by targeting the corresponding mRNA for degradation. To develop a better
understanding of the TOR network, the Blenis Lab has performed a screen of the human druggable
genome using siRNA. This method allows us to investigate the role of each protein in the TOR signaling
cascades. The data from the screen identified siRNAs targeting a group of inositol phosphate kinases as
'hits' that downregulate ribosomal protein S6 phosphorylation, a downstream target of mTOR. In order to
validate the results of the screen, we performed Western Blot analysis to verify that the knockdown of
these kinases by siRNA leads to the reduction of rpS6 phosphorylation. We transfected the cells with four
groups of siRNAs—targeting either ITPKC, ITPK1, IHPK3, or IPMK—stimulated the cells, and generated
lysates at appropriate time points to assess rpS6 phosphorylation levels. These lysates were subjected to
Western Blot analysis, probing for phosphorylated S6 and other known protein players in the pathways.
The data from this analysis provided further evidence that these inositol phosphate kinases regulate the
mTOR pathway as the knockdown of these proteins resulted in downregluation of S6 phosphorylation and
the inhibition of many components both upstream and downstream to TOR. In order to fill inositol
phosphate kinases in the meshwork of the mTOR system, we hypothesize a number of possible
mechanisms through which these kinases may regulate mTOR. The possibilities include the regulation of
calcium signaling, the dynamic turnover between membrane phosphoinositides and soluble inositol
phosphate, and the effect of inositol phosphate on membrane recruitment of particular protein players in
the mTOR pathway. Further experiments will be performed in order to test each hypothesis and develop
a more complete understanding of inositol phosphates control of mTOR signal transduction. One of the
ultimate goals of this project lies on the fact that inositol phosphates, as a novel regulator of the mTOR
network, may be potential therapeutic targets for a variety of diseases caused by inappropriate regulation
of mTOR.
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Effects of mycobacterial infection in murine macrophages
The Wessling-Resnick Laboratory

Christopher Lewis cnlewis@fas.harvard.edu
Lowell 2009
Chemistry and Chemical Biology

Reticuloendothelial macrophages engulf and digest senescent erythrocytes, recycling iron from
hemoglobin. After its release from heme, iron is exported from these cells by the trans-membrane
transport protein ferroportin (FPN). FPN is post-translationally regulated by the secreted peptide,
hepcidin. Binding of hepcidin to FPN promotes its internalization and intracellular degradation. An
increasing number of FPN single nucleotide polymorphisms have been associated with disorders of iron
metabolism, such as hereditary hemochromatosis, that result from macrophage iron overload.
Macrophages also serve as the immune system’s first responders. They phagocytose microbes and
destroy them via lysosomal degradation. Mycobacterium tuberculosis (M.th), a pathogen that is
responsible for upward of two million deaths per year, can evade this degradative pathway. Studies in
mice and humans have demonstrated that iron overload increases susceptibility and morbidity of the
disease. We hypothesize that FPN mutations that promote macrophage iron loading will enhance M.{b
growth while those that reduce iron will protect against tuberculosis infection. To test this hypothesis,
J774 murine macrophages that stably over-express FPN were infected with M.tb and Mycobacterium
bovis BCG, an attenuated strain commonly used for tuberculosis vaccination. Subsequent analysis
revealed that FPN over-expression inhibits intracellular bacterial growth. In addition, wild-type 1774 cells,
with normal levels of FPN expression, were infected with the same mycobacteria. Western blot analysis
revealed that FPN protein expression increased over a 48-hour period, but that hepcidin expression did
not. These experiments demonstrate that increased FPN expression can alter susceptibility/resistance to
mycobacterial infection. Macrophages respond to mycobacterial infection by increasing ferroportin
expression, creating an iron-deficient internal environment to help clear the bacteria by depriving the
resident pathogen of iron. Further studies of FPN polymorphisms can help to understand genetic factors
contributing to host susceptibility or resistance to tuberculosis.

The Effect of GM-CSF interference on 4T1.2-Neu Breast Tumor Growth in
Murine Models

The Liu Laboratory, Department of Dermatology, University of Pittsburgh

Ang Li angli@fas.harvard.edu
Dunster 2010
Neurobiology

Granulocyte monocyte colony stimulating factor or GM-CSF is a naturally occurring substance produced in
the bone marrow to control the production of certain white blood cells to fight infection or inflammation.
Previous experiments have demonstrated that GM-CSF expression significantly impact the growth of
4T1.2-Neu (breast tumor cells with Neu antigen). It was observed that tumor growth only appeared in
70% of the mice that have been injected with 4T1.2-Neu-si-GM-CSF (modified breast tumor that has its
GM-CSF expression significantly knocked down). This is a notable difference from the nearly 100% tumor
survival of 4T1.2-Neu (unmodified breast tumor). This result indicates that the interference of GM-CSF
expression in modified tumor decreased tumor survival rate in host by 30%. Based on this optimistic
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finding on the link between GM-CSF expression and breast tumor growth, our research investigates
whether injection of lentivectors carrying si-GM-CSF would decrease or even help reject breast tumor
growth in mice that have been injected with 4T1.2-Neu. My project involved the construction of the
lentiviral vector FUW-si-GM-CSF. As of current, our collection of data on in vivo murine models is still
ongoing.

Epigenetics and Environmental Asthma - Dietary Modifications Regulate the
Severity of Allergic Asthma Independent of TH2 Cytokine mRNA Expression

The Schwartz Laboratory, National Institute of Environmental Health Sciences, National Institutes of
Health (NIEHS/NIH)

Christine Li liB@fas.harvard.edu
Adams 2010
ESPP

Allergic asthma is a major cause of morbidity and is increasing in prevalence in developed countries. It is
known that both genetic and environmental factors can modify this complex heritable disease. It has
been discovered that the epigenome is a critical regulator of environmental toxicity. Recently, it has been
shown that feeding agouti mice high methylation diets achieves a coat color shift of yellow to dark
brown. Furthermore, it has been demonstrated that these phenotypic changes are associated with
alterations in DNA methylation in CpG islands. These observations suggest that diet, which contained
enriched folic acid, vitamin B12 and genistein can result in the epigenetic regulation of DNA expression.
We hypothesized that alterations in diet could modify the development and progression of allergic
asthma. Also, Trichosatin A (HDACI) suppresses OVA induced airway hyperreactivity and airway
inflammation therefore we performed bronchial biopsies along with other experiments. In this study, we
observe that dietary modifications factors can regulate the severity of allergic asthma in a murine model.
It is known that T helper cells can regulate adaptive immunity through the secretion of cytokines. T
helper lymphocytes can be either TH1 or TH2. Allergic asthma is predominantly a TH2 disease. TH2
cytokines include IL4, IL5, and IL13. In this study, we characterize mRNA expression of cytokines in ova
challenged mice on both high and low methylation diets. We also looked at hypermethylated Loci among
HMD progeny to conclude that the detection levels of RunX3 are significantly different in the two diets.
Future opportunities include asking how methylation alters the risk of asthma in humans, defining the
epigenome in different cell types at different stages of development, along with a roadmap of epigenetics
initiatives included in the presentation.

Thrombospondin-1 Switches Nitric Oxide Function From Inhibitory to
Stimulatory for Gene Expression of Human Tumor Endothelial Cell Markers

Laboratory of Pathology, NIH, Bethesda, MD

Dayan Li dli@fas.harvard.edu
Harvard Yard 2011
Molecular and Cellular Biology

Angiogenesis, the growth of new capillaries from existing blood vessels, is essential for tumor

development. Thrombospondin-1 (TSP1) is one of the most powerful angiogenesis inhibitors and interacts
with nitric oxide (NO), which can inhibit or stimulate angiogenesis. TSP1-NO interaction regulates the
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expression of several tumor marker genes, namely four matrix genes, collagens lal, Ia2, IIlal, and
TEMS, and three basement membrane protein genes, collagen IVal, laminin-a3, and laminin-a4. This
study developed a quantitative real-time PCR with high specificity, sensitivity, accuracy, and precision to
simultaneously monitor the expression of such genes in human umbilical vein endothelial cells (HUVECs).
Compared to the housekeeping gene hypoxanthine-guanine phosphoribosyl transferase, all four matrix
genes and laminin-o3 were under-expressed, while collagen IVal and laminin-o4 were over-expressed in
normal conditions. With the exception of collagen Ial, the expressions of all tumor markers were down-
regulated by either 2.2nM TSP1 or 10uM DETA/NO. However, their expressions rebounded to control
levels when HUVECs were treated with both TSP1 and NO. This is the first report of a TSP1-induced NO
functional switch in human endothelial cells. Such finding clarifies NO's friend-foe reputation and the
contradictory tumor responses to TSP1-derived drugs, thus prompting a re-evaluation of the drugs to
make them safer and more efficient. This study also showed for the first time that all tumor markers
were differentially expressed in human endothelial cells. Quantification of differential expression for these
genes can expose new drug targets and reveal their potential to be regulated in cancer treatments.

The Effect of STAT-Interacting LIM Protein on the Internalization and
Degradation of Interferon Alpha and Gamma Receptor

The Grusby/Glimcher Laboratory, Harvard School of Public Health

Conan Liang cliang@fas.harvard.edu
Eliot 2010
Chemical and Physical Biology

Purpose: Signal Transducers and Activators of Transcription (STAT) proteins are cytoplasmic transcription
factors that are activated by the binding of cytokines such as Interferon Alpha (IFNo) to the
corresponding cell surface receptors. STAT plays a critical role in mediating the body’s immune response
to bacteria, viruses and other intracellular pathogens, but some of the mechanisms by which it is
regulated remain ambiguous. STAT-interacting LIM protein (SLIM) is known to be a negative regulator of
the expression of STAT Proteins. We examined the effect of SLIM on the internalization and degradation
of Interferon Alpha and Gamma Receptor 1 (IFNaR1 and IFNyR1) in order to determine the specific
pathway and mechanisms by which SLIM achieves negative regulation of STAT Protein activity. Further
knowledge of the mechanisms of SLIM could have significant impact on possible medical prevention of
inappropriate immune responses and be a possible drug target. Methods: To determine the effect of
SLIM on the extent of the degradation of IFNaR1 after stimulation with IFNa, lymphocytes from both
wildtype and SLIM-knockout mice spleens are extracted and stimulated with mouse IFNa and in 1,2, and
4 hours intervals to allow the IFNaR1 to be degraded. All lymphocytes are then lysed and the amount of
IFNaR1 proteins in both wildtype and SLIM-knockout cells are by detected by Western Blot. To determine
the effect of SLIM on the internalization of IFNaR1, lymphocyte extracts from wildtype and SLIM-
knockout mice are purified through Magnetic Cell Sorting (MACS) and CD4-positive cells are retained. T
cells are stimulated with mouse IFNy in 10, 30, and 60 minutes intervals to allow for the IFNy-induced
internalization of IFNyR1. The quantity of IFNyR1 on surface of wildtype and SLIM knockout cells are
determined by Flow Cytometry. Results: IFNyR1 Internalization: Rapid reduction of surface IFNyR1
protein in wildtype lymphocytes within 10 minutes interval was detected by Flow Cytometry. Knockout
lymphocytes display identical rate of surface IFNyR1 reduction.IFNoR1 Degradation: Western Blot was
unable to detect degradation of IFNaR1 in both wildtype and knockout lymphocytes. Conclusion: We
failed to find evidence that SLIM directly regulates the rate of IFNyR1degradation and internalization
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upon stimulation by IFNy. However, further optimization of techniques is needed in order to conclusively
verify the above result.

Application of Micropatterning Technology and Cell Traction Force
Microscopy to Functional Assessment of C2C12 Cell Differentiation

The Wang Laboratory, MechanoBiology Lab, University of Pittsburgh

Michael Lin mmlin@fas.harvard.edu
Quincy 2009
Biochemical Sciences

Development of effective Duchenne muscular dystrophy treatments has been hindered by lack of suitable
/n vitro models that permit timely, direct functional evaluation of gene therapies and pharmaceutical
treatments. We aim to develop an /n vitro model which can control myotube differentiation of C2C12
mouse skeletal muscle cells and allow functional measurement of contractile forces through cell traction
force microscopy (CTFM), which may represent an efficient method for /n vitro evaluation of DMD
treatments. Preparation of polyacrylamide gels (PAGs) and micropatterning of collagen islands were
achieved as previously described. One day after seeding C2C12 cells on PAGs, growth medium was
replaced with DMEM/2% horse serum differentiation medium. After 4 days, immunofluorescence
microscopy for dystrophin expression was performed. In addition, contractile forces of differentiated
C2C12 cells were assessed using CTFM. Cells adhered to micropatterned collagen islands within an hour
and completely occupied the islands within a day. After 4 days in differentiation medium, the majority of
aligned cells fused together, forming distinct myotubes. Formation of myotubes was further confirmed by
immunofluorescence for dystrophin, a specific marker protein for mature myotubes; while cells in
intermediate fusion stages presented little or no dystrophin, mature myotubes exhibited strong
expression. C2C12 cells generated varying levels of contractile forces at progressive stages of
differentiation. Compared to pre-differentiated cells, cells in intermediate myotube fusion stages exhibited
~50% larger force. After fusion completed, fully-formed myotubes demonstrated force at least twice
larger than that of immature myotube. Our data demonstrated that a micropatterned C2C12-based
culture model together with CTFM technique makes it possible to perform fast yet effective functional
assessment of treatments for DMD without the difficulties of using an animal model. This /in vitro model
can potentially be used to screen the effects of gene insertion or deletion on the contractile force
generation of single myotubes.

p53 mutations alone are unlikely to be responsible for the escape from MYC
dependence of MYC-induced lymphomas

The Felsher Laboratory, Stanford University School of Medicine

Charles Liu liul8@fas.harvard.edu
Harvard Yard 2011

Undeclared

Lymphomas are a family of lymphatic cancers that affects approximately 1 in 600 Americans. On a

molecular level, lymphomas are caused by a series of genetic alterations that, by disrupting regulation of
the cell cycle and cell death, leads to uncontrolled cell division and the invasion of healthy tissues by
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malignant tumors. These genetic alterations include the members of two general groups: gain-of-function
mutations that result in the activation of cancer-causing oncogenes and loss-of-function mutations that
result in the inactivation of tumor-suppressor genes. An example of an oncogene whose expression can
contribute to tumorigenesis is MYC, which is implicated in over half of human cancers, including several
lymphomas. While cancer is a multistep process and the inactivation of one oncogene is usually
insufficient to halt or reverse cancer, studies have shown that even brief inactivation of MYC may be
sufficient to reverse tumorigenesis in several types of lymphomas in transgenic mice. However, a portion
of MYC-induced lymphomas regresses partially, and then relapses, upon MYC inactivation. We
hypothesized that secondary mutations in the tumor-suppressor gene p53, which is also implicated in
about half of human cancers, are present in those relapsing lymphomas but not in primary lymphomas.
This would suggest that some MYC-induced lymphomas are able to escape dependence on MYC via
spontaneous secondary p53 mutations and that the therapeutic targeting of MYC as a treatment for
cancer may only be effective in the absence of p53 mutations. To investigate this hypothesis, RNA was
isolated from lymphomas in mice that expressed human c-MYC under the control of the tetracycline
regulatory system and reverse transcription was performed to obtain cDNA. The p53 gene was then
amplified using polymerase chain reaction. Finally, the various p53 segments were sequenced and
compared with wildtype p53 to detect mutations. Results to date show that no p53 mutations existed in
the relapsing tumors that were not also present in the primary tumors, suggesting that while p53
mutations may predispose a tumor to loss of dependence on MYC, secondary mutations in genes in
addition to p53 are likely responsible for this independence. Future work will involve investigating
whether these secondary mutations are located in commonly implicated oncogenes, such as Kras, Hras,
and Nras, or other tumor-suppressor genes.

Studying Fat Formation in Zebrafish and Studying Parkinson\'s Disease Using
Human Embryonic Stem Cells

The Cowan Laboratory, Massachusetts General Hospital

Jonathan Mayer jmayer@fas.harvard.edu
Adams 2010
Human Evolutionary Biology

The development of fat cells is not fully understood. My lab is using zebrafish as a model to understand
fat development and find relevant promoters. The goal is to find a promoter that is only expressed in
zebrafish fat cells. With such a promoter, one could drive genes that lead to changes in fat formation.
By studying these changes, we would be better able to understand how fat cells develop. Our method
for finding a fat specific promoter is via microinjection (injection of DNA into one-cell zebrafish embryos)
of promoters thought to be important for fat development, such as leptin. After microinjection of
promoters driving GFP, transgenic fish are analyzed to determine the presence of GFP in their fat cells.
The neurodegenerative disease called Parkinson’s is the most common degenerative movement disorder.
Due to a lack of patient material, it is not understood on a cellular level. My lab is differentiating human
embryonic stem cells into dopaminergic neurons (the type affected in Parkinson’s) in order to create an in
vitro model of Parkinson’s disease. The goal is to use a cellular model to test chemicals that could be
used as drugs to treat Parkinson’s. Our method for creating stem cells that contain a hereditary form of
Parkinson’s disease is to first make a plasmid containing the genetic defect associated with a specific
form of Parkinson’s. Along with the genetic defect, the plasmid contains a switch which will turn on
Parkinson’s disease in the cells when a certain chemical is added. The cells will also contain a reporter to
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assist with quantification of dopaminergic neurons. Genetic constructs will be introduced to the human
embryonic stem cells via electroporation to create stable transgenic clones.

The Purification of Human Cytochrome P450 Reductase and Protein Disulfide
Isomerase

The Ghosh Laboratory, Hauptman Woodward Medical Research Institute

Elizabeth Nowak esnowak@fas.harvard.edu
Pforzheimer 2010
African Studies

A method is described for the purification of Cytochrome P450 Reductase (CPR) and Protein Disulfide
Isomerase (PDI) from human placenta. CPR donates electrons to Cytochrome P450 Aromatase
(P450arom), which synthesizes C18 estrogens from C19 androgens. PDI is active in the formation and
breakage of cysteine residues within the Aromatase-Reductase complex, thus aiding in protein folding.
This enzymatic complex is targeted for the inhibition of estrogen receptor (ER) breast cancer. The
placental homogenate containing CPR was solubilized in Triton X- buffer (50mM Tris-HCl pH 7.7, 0.5mM
EDTA, 10% glycerol), and run over a 5mL QFF (1) ion exchange column. Fractions were collected and
run through a 25mL ADP affinity column, and final polishing was performed over a 1mL QFF (2) ion
exchange column. We show that the CPR is purified and active using aromatase assays, which were
carried out on samples from each step of the purification process, and on bovine CPR. The total activity
for the final, isolated human CPR sample was 2929.85pmol/min, compared to the bovine CPR activity of
4463.03pmol/min. PDI was harvested from human placenta solubilized in Buffer B (10mM KPO4,
0.1mM EDTA, 20% glycerol, 0.15% emulgen 913, 0.5mM DTT and .15% Na Cholate) and run over a QFF
(1) ion exchange column. Fractions were collected and run over a 25mL ADP affinity column, and finally
a QFF (2) 5ml ion exchange column. PDI was successfully crystallized in 10mM Tris-HCl pH 7.5, 20%
PEG 550 MME (MbClass suite #39, Qiagen) in a 1:1 drop volume ratio. The purified protein was
concentrated to 15mg/ml before crystallized, and 1mM FMN, FAD, and NADPH were added.

Evaluating the Role of DEAD box Helicases in P.falciparum Gene Regulation

The Wirth Laboratory, Harvard School of Public Health

Ugochi Nwosu unwosu@fas.harvard.edu
Currier 2010
Molecular and Cellular Biology

Although gene expression levels differ at various stages in the life cycle of Plasmodium falciparum,
promoter regions are scarce and poorly characterized in the genome of the parasite, and conventional
regulation at the level of transcriptional initiation is unlikely to explain the differences in RNA levels over
time in the P. falciparum. The purpose of this study was to examine five members of the DEAD box
helicase superfamily (PFB0445c, PFC0915w, PFD1070w, PF14_0563, PF14_0665) which is highly
conserved across all eukaryotes. We hypothesize that these proteins interact with plasmodium RNA and
are integral for regulation of parasite gene expression across the life cycle. We successfully amplified and
cloned PFD1070w and PFB0445c from genomic and cDNA, respectively, using the 3D7 strain of P.
falciparum and transformed the plasmids into E. coli for expression of the 6xHis tagged proteins. The
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successful expression of these proteins will allow us to generate antibodies which will jumpstart studies of
the localization of the proteins in parasite cells. The purified protein can be used to characterize the
binding of the helicases to RNA using electrophoretic mobility shift assays. Additionally, we will be able to
perform binding assays and structural studies to determine the role that DEAD box helicases play in the
post-transcriptional regulation of gene expression in P. falciparum.

TPPII and Proteasome activity affect HIV epitope production in primary cell
extracts

The Walker Laboratory, Harvard Medical School

Tobi Ogbechie oogbech@fas.harvard.edu
Dunster 2009
Biology

Immune recognition of HIV-infected cells by CD8 Cytotoxic T Lymphocyte (CTL) depends on the
processing and presentation of an epitope by major histocompatibility class I (MHC-I) molecules at the
surface of the infected cell. Cellular and pathogen proteins are degraded into small peptides in a
multistep degradation pathway called antigen processing. This process begins with the degradation of
proteins by the proteasome into peptides that may be further processed by aminopeptidases or
Tripeptidyl peptidase II (TPPII). Peptides are then translocated into the endoplasmic reticulum where
they can be further trimmed by aminopeptidases and loaded onto MHC-I to be displayed at the cell
surface for CTL recognition. HIV infects several CD4+ cell subsets: CD4+ T cells, dendritic cells and
monocytes. Although the general mechanism of antigen processing is well described, its activities among
human primary cells have not been assessed. Any change in these activities may affect the production of
epitopes and the recognition of infected cells by HIV-specific CD8 T cells. Here, we characterize the
activity of TPPII in extracts from Peripheral Blood Mononuclear Cells (PBMCs), CD4 T cells, and
monocytes. We observed a significant increase of TPPII activity in monocytes in comparison to activity in
CD4 T cells for both healthy and infected donors. To further analyze how the differential activities affect
epitope processing, we studied the in-vitro degradation of a Gag 17-mer peptide, which contained a
proteasome and TPPII-dependent epitope, in extracts from PBMC, CD4 T cells and monocytes. The
identity and amount of peptides produced during the degradation process were analyzed by High
Performance Liquid Chromatography (HPLC). We show that monocytes degraded the original 17-mer and
produced the optimal epitope faster than the CD4 T cells. Because the efficiency of the antigen
processing system dictates the identity and amount of epitopes presented to the immune cells,
differences in epitope processing among PBMC subsets targeted by HIV may influence the presentation of
epitopes over the course of HIV infection.

Variability in an Artificial Tandem Repeat

The Verstrepen Laboratory

Theodore Pak tpak@fas.harvard.edu
Dunster 2009

Biochemical Sciences

Considerable parts of most eukaryotic genomes consist of repeated, consecutive iterations of short
sequences, called Tandem Repeats (TR's) or sometimes “microsatellites” and “minisatellites”. Originally
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considered to be “junk” DNA by genome researchers and often omitted from genomic sequencing and
analysis, it is now known that tandem repeats have significant evolutionary value and are linked to
myriad human diseases, including Huntington’s disease and fragile X syndrome. The most notable
property of TR's is their variability in length, caused by addition or removal of one or more repeat units,
which causes these sequences to be some of the most polymorphic regions of genomes; however, the
principles and mechanism behind this phenomenon are not well understood. To observe how sequence
properties affect variability, artificial TR’s were inserted after the start codon of the marker gene URA3 in
S. cerevisae. As the TR tract changed length, it shifted the marker gene in and out of frame, which could
be observed by plating on media selecting for and against URA3. Dilution series were used to measure
the switching rate and thus infer the variability of the artificial TR. Additionally, several recombination
pathway genes were deleted and the resulting effects on TR variability were measured by similar means.
A positive exponential correlation was observed between TR variability and each of the three sequence
properties we adjusted: TR unit size, overall TR length and TR purity. This validated the results of
statistical analysis conducted by colleagues Legendre and Pochet et al. (under review) which found
similar trends in S. cerevisae genomic data. Additionally, unit size appears to affect the changes in
variability caused by deletion of recombination pathway genes; further analysis will hopefully bring insight
into the pathways that affect TR variability and the mechanisms underlying this evolutionary mystery.

Salivary testosterone levels during ultimate frisbee tournaments: Parallels to
repeated dominance contests

The Ellison Laboratory, Reproductive Ecology Lab

Phillip Roebuck roebuck@fas.harvard.edu
Pforzheimer 2008
Biological Anthropology

A large body of research has been conducted investigating the relationship between testosterone (T) and
competition. Considering human competition akin to dominance contests commonly observed among
nonhuman primates and other animals, Mazur's Biosocial Model of Status predicts that before a
competition T levels will rise to encourage individuals to compete hard for status, and that afterwards T
will drop fairly quickly in losers while staying high in winners. Though some studies support Mazur’s
model, others suggest that variables besides competition outcome play important roles in affecting T
response. This study builds on previous research in order to investigate which factors associated with
competition have the largest impact on T levels. 18 subjects were recruited from Harvard’s men’s
ultimate frisbee team. Subjects collected a saliva sample before and after each game at 5 weekend
tournaments (4-8 games were played per tournament). At the time of each sample collection, subjects
also filled out a short questionnaire to record how well each thought he performed in the previous game,
and how difficult he expected the subsequent game to be. A longer questionnaire at the beginning of the
study documented subjects’ age, BMI, experience with ultimate and other sports, relationship status, and
competitiveness index scores. Saliva samples were frozen 9 days after each tournament, and
testosterone concentrations were later measured using radio immuno assays. Results are still incomplete,
but this study should help clarify the relationship between T and competition. Regression analyses will
show whether it is competition outcome or other variables, such as subjects’ competitiveness, anticipated
difficulty of the impending game, playing experience, or individual performance, that has the biggest
impact on T levels. The tournament format will also enable researchers to analyze the effect of previous
games on T responses later in the day.
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Mutant Studies of the Cyanobacterial Clock Protein KaiA
The O’Shea Laboratory, FAS Center for Systems Biology/MCB

Charlotte Seid cseid@fas.harvard.edu
Leverett 2010
Chemical and Physical Biology

The cyanobacterial circadian oscillator is a system of three proteins, KaiA, KaiB, and KaiC, that maintain
an approximately 24-hour cycle in the phosphorylation state of KaiC. Surprisingly, this simplest known
circadian oscillator can be reconstructed in vitro from purified proteins and ATP. KaiC, an enzyme with
both autokinase and autophosphatase activity, regulates transcription in vivo and is modulated by the
other two proteins as it progresses through a cycle of four phosphorylation states. KaiA enhances KaiC
autophosphorylation and is inhibited by KaiB, but the precise mechanisms of these interactions remain
unknown. KaiA in particular is crucial to the kinetics of the oscillator. A homodimer, KaiA stimulates KaiC
autophosphorylation at low relative concentrations, implying a transient yet powerful interaction. By
perturbing the in vitro clock with KaiA mutants and quantifying their effects on KaiC phosphorylation rates
and period, this study seeks to correlate specific regions of KaiA with roles in the phosphorylation cycle.
The altered kinetic parameters of the mutants will also test and refine an existing mathematical model of
the cyanobacterial clock. Two mutants, representing different domains of KaiA and reported to lengthen
the clock period in vivo, were tested in vitro with wildtype KaiB and KaiC. I9T, at the N-terminus
implicated in environmental input and phase resetting, produced stable oscillations with a period close to
24 hours. In a partial reaction with only KaiC, however, the Michaelis-Menten constant (Km) was less
than half of that for wildtype KaiA, indicating that KaiC has increased sensitivity to this mutant. C273Y,
near the C-terminal dimer interface, produced initial phosphorylation comparable to the wildtype, but
dephosphorylation did not continue to basal levels. Since the Km was similar to that of wildtype KaiA, it
is possible that this mutant impairs only dephosphorylation steps, perhaps by stabilizing a particular
phosphoform of KaiC. These results suggest that each KaiA mutant affects a different step in the
phosphorylation cycle, and thus each region of the protein may play a distinct functional role in the clock.
Additional modeling and experiments, including an assay of the mutants’ inhibition by KaiB, should
further illuminate the structural basis of this remarkable oscillator.

Structure of ORC subunits
The Jeruzalmi Laboratory

Koning Shen kshen@fas.harvard.edu
Adams 2010

Chemical and Physical Biology

DNA replication, a process fundamental to life, requires accurate protein machinery for function.
Initiation is an especial component of replication as not only must DNA double helix be unwound, but
also that proteins must identify the correct origins of replication. DNA relies on these methods of
regulation for accurate, efficient, and fast replication. The initiator protein in eukaryotic cells has been
identified as the six-subunit, helical Origin Replication Complex (ORC) protein. ORC is an ATP-dependent
protein for sequence-specific DNA binding to the origin of replication and serves as a base in the
replication initiation process to which other vital replication proteins, such as Cdc6, can bind.
Understanding the structure of ORC is vital to understanding its mechanism of replication initiation.
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Simple assay studies of ORC are incomplete because there are simply too many moving parts and
interacting protein partners to account for without understanding structure. Additionally, because of the
cancer’s reliance on control of DNA replication machinery, knowledge of ORC’s structure and function can
provide the basis for development of anti-cancer drugs. Purifying and crystallizing intact 1-6 subunit ORC,
for crystallization studies has been attempted, but the yield is too low. The current strategy is to divide
and conquer. Because ORC complex can be divided into six subunits, each can be induced in cell growth
separately for individual experiments. By purifying subunits separately, we hope to be able to combine
purified subunits to build small nhumber complexes up to 1-6 subunit ORC, thereby increasing yield. My
project has been purifying subunits 6 and A2-3 of Saccharomyces cerevisiae ORC (ScORC) in order to
crystallize separate subunits to solve structure and function. I have also begun experiments combining
the separate subunits and attempting to crystallize complexes, such as A2-3-6 and A2-3-4-5, the latter of
which forms the functional core of ORC. Although the ultimate goal is to crystallize and solve the
structure of the entire ORC complex, crystallizing subunits is vital to fill in gaps where the structural
analysis of the entire complex is ambiguous. I have grown small crystals of the complex truncated A2-3-
6, which confirms my methods of purification and crystallization. Currently, my efforts are focused
towards improving my ORC A2-3-6 crystals to prepare them for crystallography studies and continuing
efforts to grow A2-3 and 6 crystals.

The expression and presentation of endogenously expressed tissue specific
antigens in mesenchymal stem cells

The Turley Laboratory, Dana Farber Cancer Institute, Harvard Medical School

Melissa Tjota mytjota@fas.harvard.edu
Quincy 2008
Biochemical Sciences

An interesting property of mesenchymal stem cells (MSCs) that is currently being explored is promiscuous
gene expression, the aberrant expression of otherwise tissue specific antigens. This phenomena opens up
the possibility of utilizing such cells to re-establish tolerance in autoimmune diseases. However, while
several studies have shown that mRNA for various self-antigens is present, it has not yet been
demonstrated whether or not the protein is actually translated and if it can be presented to T-cells as a
peptide-MHC complex. The focus of this project would be to elucidate these two points, specifically in
amniotic fluid derived stem cells and bone marrow derived stem cells. The current protein of interest is
myelin basic protein because it is one of the targets in multiple sclerosis, and preliminary studies have
shown that it is highly transcribed in MSCs. Biochemical analysis has also shown that various isoforms of
MBP are translated in MSCs. The next step will be to carry out functional assays that will allow us to
determine if MSCs are capable of establishing a tolergenic response in T-cells and if they could be used to
treat autoimmune diseases.
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EGCG/DAC: A Cure for Invasive Cancer?

The Yee Laboratory, Tufts University

Erica Tsacoyeanes etsacoy@fas.harvard.edu
Quincy 2010
Neurobiology/Economics

EGCG (green tea extract) and DAC (Decitabine): A novel combination to increase the efficacy of
epigenetic-based chemotherapies. A. Background and Significance: Breast cancer afflicts 1 in 8 women
over her lifetime with 300,000 new cases per year. While chances for survival have increased with
widespread use of mammography, the frequent detection of earlier breast cancers accentuates the need
for better prognosis and prevention. The investigation of mechanisms and of candidate compounds that
may limit increased proliferation and invasiveness in breast cancers could advance new clinical strategies
for preventing recurrence. The focus of this application will highlight limiting Wnt signaling (which has
emerged as a major pathway for cancer stem cell biology) through use of a mixture containing green tea
extract, EGCG, and a DNA methylase, DAC, in order to improve epigenetic treatment of invasive breast
cancer in a pre-clinical model. B. Hypothesis/ Goal: To investigate how nutrient compounds like EGCG can
be used to improve the treatment of cancer by targeting specific signaling pathways. The combination of
DAC and EGCG is expected to decrease levels of Wnt signaling through increasing levels of the HBP1
transcriptional repressor. C. Proposed Method of Testing: To test the hypothesis, I will use polymerase
chain reaction (PCR) techniques to detect levels of Cox-2, a gene transcribed as a result of Wnt signal
transduction, in both control samples and HBP1 knockdown samples treated with the mixture of EGCG
and DAC. I will culture two cell lines, control and experimental groups, and will isolate their cDNA. I will
then use SYBR green in conjunction with a computer program “MyQ" to run the PCR reaction. Then, I will
examine the data for any differences between the control and the HBP1 KD samples.

Association of MHC class I genotypes between ARV Naive HIV 1C infected
patients and patients who failed HAART in Botswana

The Essex Laboratory, Harvard School of Public Health

Amy Wu amywu@fas.harvard.edu
Winthrop 2009
Molecular and Cellular Biology

MHC class I alleles, which are a major component in regulating CD8+ cytotoxic T-lymphocytes (CTL)
responses, have been shown to be associated with control of viral RNA levels, viral set point, HIV-1
disease progression, susceptibility and protection against HIV-1, and drug toxicity. This study first found
differences in HIV-1C viral load among 94 HIV-positive, ARV-naive adult blood donors from Botswana
associated with several HLA class I alleles and a haplotype. Specifically, a comparison of proportions
revealed a higher viral load among those with single allele HLA-B45, B15, and Cw17, or haplotype HLA-
A30/Cw16. In determining whether any alleles were associated with virological failure after HAART
initiation, the ARV-naive population was compared to 13 HIV-positive, HAART-treated patients who failed
first-line ARVs within two years of initiation. These patients were enrolled in the Adult Antiretroviral
Treatment and Drug Resistance at the Botswana Harvard Partnership. This study has found that HLA-
A26, B18, and Cw12 are associated with increase risk for virological failure after HAART initiation,
although the lack of a control group with HAART-treated, successful viral load suppressors prompt further
studies with larger cohorts to confirm these associations.
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Telomerase expression in the renal papilla: A potential kidney stem cell
marker

The Bonventre Laboratory, Harvard University

Wendy Ying wying@fas.harvard.edu
Adams 2010
Chemical and Physical Biology

The kidney possesses a significant capacity to regenerate after injury; however, the source of
regenerated tubules is unknown. One theory proposes that there exists a subset of intra-tubular adult
stem cells that differentiate, proliferate, and migrate to the area of injury to reconstitute the kidney
tubule. Telomerase is a reverse transcriptase enzyme whose activity has been demonstrated in a number
of tissue-specific stem cells. It maintains telomere lengths and helps to postpone cellular senescence. The
catalytic subunit of mouse telomerase is encoded by the gene mTert. In this study, we have made use of
an mTert-GFP transgenic mouse (Carlone and Breault, unpublished) to evaluate mTert as a potential
marker of renal stem cells. Many adult organ-specific stem cells have been characterized to have a low
cycling rate. To determine whether mTert-expressing cells are also low-cycling, newborn mouse pups
were pulsed for three days with bromodeoxyuridine (BrdU). After a 2-month chase, a double
immunofluorescence experiment for BrdU and mTert-GFP was performed. A small minority of cells in the
renal papilla was both BrdU label-retaining and expressed mTert-GFP. In order to assess the contribution
of mTert-GFP cells to kidney repair after injury, a lineage tracing model was validated. A tamoxifen-
induceable CreER recombinase was utilized to mediate the DNA recombination event that allows for the
lacZ reporter to be transcribed in the presence of the mTert promoter. Histochemical studies showed that
irradiation of the mouse prior to tamoxifen injection greatly increases mTert expression in the papilla.
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Discovering Candidate Ligands of Myelin Associated Proteins Using Small-
Molecule Microarray Analysis

The Torello Laboratory, Broad Institute of Harvard and MIT

Megan Blewett mblewett@fas.harvard.edu
Harvard Yard 2011
Chemistry

This work is the biochemical phase of a multi-year project; the first phase employed spatial statistics to
show that multiple sclerosis (MS) and amyotrophic lateral sclerosis (ALS) co-occur geographically and
may have environmental factors. A recent study has revealed that the prevalence of MS has increased by
approximately fifty percent since 1982. Thus, MS is increasingly a public health concern. The isoforms,
or protein derivatives, of the recently-discovered neuregulin-1 (NRG1) gene have been implicated in the
paucity of remyelination in both MS and ALS. Identifying compounds that bind with, or ligands of, NRG1
isoform SMDF can help elucidate the function of this protein and lead to drug development. One method
for ligand discovery is small molecule microarray analysis. This technology allows twelve thousand small
molecules to be screened at a time for binding interactions with the given protein. The screened
chemical libraries contain FDA-approved drugs, natural products, and compounds prepared using
diversity-oriented synthesis. Using small molecule microarray analysis, we have discovered the first five
candidate ligands of NRG1 isoform SMDF. Surface plasmon resonance (SPR) was used to measure the
binding affinities of these protein-ligand interactions. Additional cell culture assays have shown that the
SMDF isoform indeed induces neurite outgrowth. Furthermore, this project now encompasses a whole
family of myelinating proteins, including oligodendrocyte-myelin glycoprotein and myelin-associated
glycoprotein. Several reports have suggested that disrupting the binding of these proteins with their
common receptor may induce neurite outgrowth in vivo. The ultimate goal of this project is two-fold: to
better understand the functions of neuregulin isoforms and to use small molecules to stimulate
remyelination.

FGF2 and Chronic Stress Alter Exon-Specific Expression of FGFR2 and FGFR3

The Evans Laboratory, University of Michigan

Siyuan Liu liul2@fas.harvard.edu
Harvard Yard 2011
Neurobiology

The fibroblast growth factor (FGF) system is important for development and maintenance of the nervous
system. Previous studies have shown that several FGF system transcripts are altered in post-mortem
brains of major depressive subjects, including a decreased expression of FGFR2 and FGFR3. Each of
these receptors has multiple splice variants, including the IIlc and IIIb variants that have unique
pharmacological profiles. Methods: In the current study we evaluate the exon-specific transcriptional
control of FGFR2 and FGFR3 in the rodent frontal cortex following either chronic administration of FGF2,
chronic exposure to unpredictable stress, or both (n=6 for each group). Real Time PCR assays were used
to quantify relative gene expression changes. Results: Our studies demonstrate that FGF2 injection
increases expression of all FGFR2 exons and decreases all FGFR3 exons. Chronic unpredictable stress
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(CUS) produces a unique pattern of change in these receptors. It decreases the expression levels of all
FGFR3 exons. Interestingly, CUS alters the IIIc:IIIb ratio in favor of IIIb for both FGFR2 and FGFR3.
Conclusions: These data suggest that stress controls the splice variant-specific expression of FGFR2 and
FGFR3 in a manner that can alter the pharmacological profile of these receptors and their preferential
response to endogenous ligands. To our knowledge, this is the first report of splice variant-specific
transcriptional control in the brain following stress.

Neural Correlates of Imagining the Past and Future
The Schacter Laboratory

Ling Pan Ipan@fas.harvard.edu
Eliot 2007
Psychology

Episodic memory appears to be a constructive rather than reproductive process. Amnesic patients not
only have deficits in memory retrieval, but also in simulating or planning future events. Such findings
have propelled recent cognitive psychology research to explore the neural basis of how constructive
memory may be related to the process of simulating or planning events for the future, an evolutionarily
important ability. Recent studies show similar brain activity for remembered events and imagined future
events, as well as unique brain regions when imagining the future. This current fMRI study examines
whether unique brain activity for future events is related to thinking about the future or simply imagining
events. Healthy young adults (19-30 years old) are required to remember past events and imagine new
events either in the past or future, using sets of details recombined from their own pool of memories. We
will compare neural activity in brain regions specific to memory recombination, retrieval and future
imagining, such as the hippocampus, among conditions of remembering, imagination into the past and
imagination into the future. We hypothesize that there will be similar activation of brain regions used for
remembering and imagining the past and future. Behavioral piloting shows that subjects can successfully
imagine new events both into the past and future using cues from their own memories, comparable to
that of memory cue retrieval both in terms of episodic specificity and reaction times. Currently we have
begun running the task in fMRI scanner.

Microglia in CNS Autoimmunity
The Strominger Laboratory, Department of Molecular and Cellular Biology

John Charles Passanese passanes@fas.harvard.edu
Lowell 2008
Biology

Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS) with a presumed
autoimmune mechanism. Pathogenesis is characterized by blood-brain barrier (BBB) breakdown, CNS
leukocyte infiltration, and reactive gliosis, leading to chronic demyelination and axonal damage
throughout the brain and spinal cord. The view of MS as an autoimmune disease is strongly supported
by studies in the animal model experimental autoimmune encephalomyelitis (EAE), a CD4+ T cell-
mediated disease in which peripheral T-cells reactive against CNS self-antigens are stimulated to cross
the BBB and initiate an immune response in brain parenchyma. In MS and EAE, the interaction between
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self-reactive T-cells and microglia [the CNS-resident antigen presenting cell (APC)] has emerged as an
important pathogenic factor and therapeutic target. Glatiramer acetate (GA; an FDA-approved
immunomodulatory treatment for MS) is an amino acid copolymer with well-documented therapeutic
efficacy whose mechanism of action (still unknown) is speculated to involve T-cells, APC, or both. In the
present study, we utilize the mouse EAE model to assess effects of treatment with GA and related
copolymers on microglia: T-cell interactions in the inflamed CNS. Induction of EAE in SJL mice by
subcutaneous injection of myelin proteolipid protein 139-151 activated microglial cells to present antigen
as measured by MHC class II and costimulatory molecule CD86 expression, but this effect was
significantly reduced in mice treated with copolymer. Reduced microglial activation correlated with
reduced leukocyte infiltration upon histological analysis, as well as improved neurologic function on daily
clinical exam. These data suggest a mechanism by which the observed amelioration of disease in EAE
mice may be mediated through microglial cells, principally via a reduced capacity for presentation of self-
antigen to pathogenic T-cells within the CNS.

Exploring Experience Dependent Neuronal Olfaction Coding in Larval
Zebrafish

The Laurent Laboratory, Computations and Neural Systems at Caltech

Sophie Rengarajan rengaraj@fas.harvard.edu
Eliot 2010
Neurobiology

Experiential learning has been shown to alter neuronal coding in vision. Here, we examine olfactory
coding and how olfactory experience may affect neuronal coding, using larval zebrafish as a model
system. To characterize neuronal coding through neuronal firing patterns, two-photon microscopy
imaging studies were conducted. Zebrafish responses to various types of amino acid odors were imaged
across a population of mitral cells in the zebrafish olfactory bulb. To test the effects of experience on
olfactory coding, a robust Pavlovian conditioning paradigm was developed in which an odor, the
conditioned stimulus (CS), was paired to an aversive head tap, the unconditioned stimulus (US). Pairing
the two stimuli should cause the fish to associate the odor with the US and respond to the odor with an
escape response, the innate zebrafish response to a head tap. Imaging neuronal activity before and after
Pavlovian conditioning could reveal experience-dependent changes in the olfactory bulb. In controlled
pairing experiments, the odor has not yet elicited the escape response in trained fish, possibly because of
habituation to the odor or head tap, or because of the lack of connections between the sensory neurons
responding to the odor and the motor neurons eliciting the escape response.

Femtosecond Laser Nanosurgery of Neurons in C. elegans

The Mazur Laboratory, School of Engineering and Applied Science

Roanna Ruiz rchruiz@fas.harvard.edu
Adams 2009

Biomedical Sciences and Engineering

Accurately studying and understanding the biological dynamics of neurons has challenged researchers in

many fields, ranging from biology and neuroscience to chemistry and applied physics. The difficulty lies in
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the complexity of their interaction, and, more specifically, the precision needed to systematically decode
the range of neural pathways and behaviors that can be achieved. To investigate this problem, we use
femtosecond laser nanosurgery to ablate the neurons of the model organism known as Caenorhabditis
elegans. By focusing laser pulses inside the body of a c. elegans worm, we selectively ablate
fluorescently-labeled neuronal dendrites, axons, and cell bodies through nonlinear processes. In general,
the peak intensity of a femtosecond laser pulse is very high and material disruption is possible through
nonlinear absorption and plasma generation. The pulse duration is very short, and this allows the laser to
reach an intensity of optical breakdown with only nanojoules of energy per pulse. The low energy
deposition and high spatial localization of nonlinear absorption can produce non-invasive ablation (with
several hundred nanometer resolution) of one dendrite of one neuron in a c. elegans worm without
damaging neighboring structures or inducing collateral damage in the living organism. Our research
focuses on using a titanium-sapphire femtosecond laser to study the behavior and potential regrowth of
c. elegans neurons responsible for controlling vulva function and entrance into the dauer state. With
nano-scale precision we cut neurons and carefully monitor and re-image the worms at various post-
surgery time intervals. Much research remains to be done, but it is possible that femtosecond laser
nanosurgery investigations on c. elegans neurons can further our understanding of neuron interactions
and behavioral effects in larger life forms such as mice, rats, and even humans.

Non-cell autonomous effect of glia on motor neurons in an embryonic stem
cell-based ALS model

The Maniatis Laboratory, Department of Molecular and Cellular Biology, Harvard University

Michelle Siao msiao@fas.harvard.edu
Lowell 2009
Neurobiology

Here we report an in vitro model system for studying the molecular and cellular mechanisms that underlie
the neurodegenerative disease amyotrophic lateral sclerosis (ALS). Embryonic stem cells (ESCs) derived
from mice carrying normal or mutant transgenic alleles of the human SOD1 gene were used to generate
motor neurons by in vitro differentiation. These motor neurons could be maintained in long-term
coculture either with additional cells that arose during differentiation or with primary glial cells. Motor
neurons carrying either the nonpathological human SOD1 transgene or the mutant SOD1(G93A) allele
showed neurodegenerative properties when cocultured with SOD1(G93A) glial cells. Thus, our studies
demonstrate that glial cells carrying a human SOD1(G93A) mutation have a direct, non-cell autonomous
effect on motor neuron survival. More generally, our results show that ESC-based models of disease
provide a powerful tool for studying the mechanisms of neural degeneration. These phenotypes displayed
in culture could provide cell-based assays for the identification of new ALS drugs.
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Virus mediated overexpression of mutant a-synuclein in the rat substantia
nigra as a model of synucleinopathy.

The Isacson Laboratory, Harvard Medical School

Hasan Siddiqi siddigi@fas.harvard.edu
Kirkland 2008
Neurobiology/MBB

The signature pathology of Parkinson’s disease is a progressive loss of dopaminergic (DA) neurons in the
midbrain. Several animal models of Parkinson’s disease (PD) have emerged over the years to simulate
the loss of midbrain DA neurons occurring in this disease. In light of the discovery of monogenic
mutations found in familial PD such as alpha-synuclein, here we attempt to establish a rodent model of
PD in which human mutated alpha-synuclein (A53T alpha-syn) is delivered to the substantia nigra (SN)
via recombinant adeno-associated virus serotype 2 (rAAV2). Using an antibody specific to human alpha-
syn, we confirmed rAAV2 mediated A53T alpha-syn expression in tyrosine hydroxylase (TH) positive
neurons in the SN 3 weeks and 8 weeks post-injection. DA neuronal fibers in the striatum were also
strongly positive with human alpha-syn, demonstrating the anterograde transport of alpha-syn from the
DA neuron cell body in the SN. At 8 weeks post-injection, we observed the appearance of prominent
dystrophic and swollen neurites, suggesting the progressive pathology induced by A53T alpha-syn
expression.

Micro Pathology Lab Device for Detecting Molecular Lesions of Glioblastoma
The Tseng Laboratory, University of California - Los Angeles

Carol Suh carolsuh@fas.harvard.edu
Harvard Yard 2011
Molecular and Cellular Biology

Current techniques for cancer diagnosis such as imaging (MRI) and tissue examinations are inadequate
because they can detect distinguishing morphological patterns, but lack the capability to accurately
identify specific intercellular interactions causing a particular cancer. Generalized models for diagnosis
lead to ineffective therapies and high mortality. The objective of this project is to develop a system
capable of detecting and analyzing cancer signaling pathways for specific diagnoses and targeted
treatments. Glioblastoma, the most lethal form of brain cancer, was the model used to integrate signaling
pathway analysis with microfluidics. The device was fabricated by soft-lithography. Antibodies were
immobilized onto the channels of the device through surface modification processes. Transfected and
untransfected U87 lysates were labeled with fluorescent probes and passed through the device.
Expression levels of EGFRVIII, PTEN, mTOR, p-Akt, and p-S6 from the PI3K pathway of Glioblastoma
were analyzed under a fluorescent microscope. PTEN was detected and showed to be 19.7 fold greater in
intensity than in lysates without PTEN. EGFRVIII was also identified and showed detection efficiency two
times greater than the controls. Phosphorylated downstream signaling proteins such as mTOR, Akt, and
S6 were efficiently analyzed as well. The results were validated with western blots. This newly developed
device can efficiently analyze protein interactions from cancer signaling pathways. Proteins such as PTEN,
EGFRVIII, p-Akt, p-mTOR, and p-S6 from the most malignant form of brain cancer were efficiently
detected on chip. The Micro Pathology Lab Device will improve cancer diagnostics, accelerate drug
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screening clinical trials, and aid in the development of targeted therapies, ultimately leading to
personalized medicines.

Gonadal Hormone Signaling Modulates Alzheimer Amyloid Beta Metabolism
and Levels in Cultured Mouse Cells and Circulating Human Plasma

The Gandy Laboratory, Farber Institute of Neurosciences

Felix Zhang fmzhang@fas.harvard.edu
Harvard Yard 2011
Economics

Alzheimer disease (AD) is a neurodegenerative disorder of the central nervous system associated with
progressive cognitive and memory loss. One of the molecular biomarkers of the disease is characterized
by extracellular deposition of the amyloid B (Ap) peptide in senile plaques in the cerebral cortex of the
brain. The results of several recent studies suggest that estrogen and testosterone play an important role
in the modulation of cognitive function and preliminary in vitro evidence indicates that these hormones
may also modulate levels of Ap. However, recent findings of adverse thrombotic effects associated with
hormone therapy have nullified the feasibility of the use of estrogen replacement as a therapy to prevent
or delay AD. In addition, due to the lack of study, much information is still unknown surrounding the role
of testosterone levels in men and associated increase/decreases of circulating Ap. Objectives: This study
was thus designed to investigate two aspects of gonadal hormone signaling: 1) to investigate whether
three estrogen substitutes, synthetic, biological and environmental, in comparison to estrogen, were able
to promote non-amyloidogenic production in mouse neural cells 2) and the impact of a significant
reduction of testosterone levels in men on circulating AB levels and corresponding cognitive function.
Method and Materials: Mouse neural cells were subjected to treatment with raloxifene (5, 50, 250
ng/mL), progesterone (0.4, 4, 20 ug/mL), bisphenol A (0.071, 0.71, 3.55 ng/mL) and 17B-estradiol
(1.8x10° M). Cell lysates were assayed for SAPP concentrations, and sAPP-related species were
subsequently visualized and quantified. Serum samples from chemically castrated prostate carcinoma
patients treated were tested and analyzed for hormone levels in relation to serum AB 1-40 and Ap 1-42
and cognitive change. Results: All treated neural cell specimen showed significantly higher sAPP
productions than the non-treated control. Raloxifene at 50ng/mL and bisphenol A at 0.071ng/mL showed
a 3 and 2 fold higher concentrations of the protein than estrogen, respectively. All estrogen substitutes
showed an effect on cellular APP holoprotein levels indicative of active gene transcription activity. For the
human serum study, a decrease in mean plasma testosterone concentration of 11.2 nmol/L resulted in an
increase of mean circulating Ap I-42 level by 2.63 pg/mL(R*>=0.51, p=0.001), and Ap I-40 by 12.94
pg/ML(R?=0.57, p=0.001) . The reduction of testosterone was also associated with decline of visual
memory and verbal fluency functions. Conclusion: This study showed that raloxifene generated
significantly greater non-amyloidogenic production than estrogen. With lack of thrombotic side effects,
raloxifene may potentially be used as a promising preventive mean for AD. Though known to be
environmentally toxic, bisphenol A also showed a high sAPP activity. An epidemiological study may help
better determine whether its benefit outweigh the risk. This research also demonstrated new important
evidence that a significant reduction of testosterone may lead to AB deposition and onset of AD. The
combined evidence offered in this study may serve as a base for future studies for the determination of
an optimal pharmacological intervention in inhibiting the formation of Ap in the brain, and may hence
lead to the development of a safer and more effective preventive strategy for AD.
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Sexual Dimorphic Behavior and Ultrasonic Vocalizations in Mice as Regulated
by Pheromone Input

The Dulac Laboratory, Department of Molecular and Cellular Biology

Jennings Xu jxu@fas.harvard.edu
Pforzheimer 2008
Biology/Honors Neurobiology

In mice, pheromone detection is mediated by the vomeronasal organ (VNO) and the main olfactory
epithelium. Male mice that are deficient for Trpc2, an ion channel specifically expressed in VNO neurons
and essential for VNO sensory transduction, are impaired in sex discrimination and male-male
aggression. Our project shows that female mice deficient for Trpc2 show a reduction in female-specific
behavior, including maternal aggression and lactating behavior. Strikingly, female Trpc2 deficient mice
also exhibit typically unique male sexual and courtship behaviors, including mounting, pelvic thrust,
solicitation, anogenital olfactory investigation, and emission of complex ultrasonic vocalizations towards
male and female conspecific mice. Ultrasonic vocalizations are characteristic of a broad spectrum of
rodents, but whose purpose in adult mice is relatively unclear. Current research has shown that under
specific conditions, both male and female mice produce ultrasonic vocalizations (USV), though males
typically produce a significantly greater quantity and density. These USV occur primarily when the mice
are engaged in sexual activities, which are heavily influenced by pheromones detected through the VNO.
The male-specific behaviors exhibited by Trpc2 deficient mice are highly correlated with the increased
production of USV, to the point of matching or exceeding normal male USV levels. Our current ongoing
project further characterizes these vocalizations in a variety of contexts and postulates possible
communicative roles for their production. Our findings provide evidence that functional neuronal circuits
underlying male-specific behaviors exist in the normal female mouse brain, and suggest that VNO-
mediated pheromone input to female brains act to repress male behavior and activate female behaviors.
Some of the results of our study have been published and is available as: Kimchi T, Xu ], Dulac C. Nature
doi:10.1038/nature06089 (2007).
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Investigating Haplogroup Distribution in the Mediterranean Basin

Beirut Government University Hospital Cell Biology Laboratory

Nour Kibbi kibbi@fas.harvard.edu
Lowell 2010
History of Science

The Human Genographic Project (HGP) initiative in the Middle East has been trying to trace a map of the
reaches of the Phoenician sea empire and construct a phylogenetic history of the Mediterranean basin in
the process. The theory is that Phoenicians had a genetic impact on Carthage and the Mediterranean
islands of Italy and Spain. Starting out with historical evidence of trade between the Phoenicians and
each of the Greeks, Carthaginians, and Maltese, HGP recruits DNA samples from these areas. From
males, Y-SNPs and STRs are typed; from females, mtDNA is also typed. Evidence is suggesting a
Phoenician impact on the European Mediterranean region, and less of it in Northern Africa where genes
dating back to the early Neolithic farmers remain dominant. The Levant region, however, has turned into
a particularly interesting historical study in of itself, as it has been the site of several bouts of invasion:
the Phoenician sea empire five thousand years ago, the Roman empire from the earlier centuries BC, the
Islamic expansions of the 5th to 10th centuries, the Crusades of the 11th and 12th centuries, and the
Ottoman empire of the 16th century. These have brought to the Levant a plethora of genetic diversity.
Preliminary data analysis from Lebanese and Syrian samples has startlingly pointed to a haplogroup
distribution (Phoenician, European, and Arab) that is irrespective of religion and geography. At the same
time, haplogroup distribution remains significant enough that this small window overlooking the
Mediterranean remains among the most genetically diverse regions in the world.

Analysis of copy number variation in the rhesus macaque genome identifies
candidate loci for evolutionary and human disease studies

The Lee Laboratory, Harvard Medical School

Arthur Lee aslee@fas.harvard.edu
Kirkland 2008
Biology

Copy number variants (CNVs) are heritable gains and losses of genomic DNA in normal individuals. While
copy number variation is widely studied in humans, our knowledge of CNVs in other mammalian species
is more limited. We have designed a custom array-based comparative genomic hybridization (aCGH)
platform with 385,000 oligonucleotide probes based on the reference genome sequence of the rhesus
macaque (Macaca mulatta), the most widely studied non-human primate in biomedical research. We used
this platform to identify 123 CNVs among 10 unrelated macaque individuals, with 24% of the CNVs
observed in multiple individuals. We found that segmental duplications were significantly enriched at
macaque CNV loci. We also observed significant overlap between rhesus macaque and human CNVs,
suggesting that certain genomic regions are prone to recurrent CNV formation and instability, even across
a total of ~50 million years of primate evolution (~25 million years in each lineage). Furthermore, for 8 of
the CNVs that were observed in both humans and macaques, previous human studies have reported a
relationship between copy number and gene expression or disease susceptibility. Therefore, the rhesus
macaque offers an intriguing, non-human primate model organism for which hypotheses concerning the
specific functions of phenotypically-relevant human CNVs can be tested.
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Searching for Positive Selection in Human Opioid Genes
The Wray Laboratory, Duke University

Vera Mucaj pmucaj@fas.harvard.edu
Lowell 2009
Biochemical Sciences

While humans and other primates share more than 98% of their genomes, their diets, cognitive and
social behaviors differ significantly. One hypothesis is that these evolutionary differences arise because of
changes in gene regulation rather than in protein structure. To test that hypothesis, we performed a
search for positive selection in the promoter region of the opioid genes, with a special focus on the kappa
opioid receptor (OPRK). Using a combination of bioinformatics and experimental approaches, we
identified several probable sites of positive selection in the human branch. The software created
measures rates of evolution across the human lineage and compares the rates of evolution of the
promoter and nearby intronic sequences. Experimentally, we measured the rates of expression for OPRK
across primate species, and searched for correlations between positive selection in the promoter and
changes in gene expression. The evidence for positive selection could be crucial to understanding the
evolutionary basis for the difference between humans and other primates. However, the effectiveness of
the software used for the detection of positive selection depends heavily on the existence of accurate and
well-annotated sequence data across many primate species, and this will be possible when more
genomes become available.

Special Submissions

Stained Glass as Visual Relic: The Fogg Medallion in the Context of
Canterbury Cathedral

Julia Schlozman jeschloz@fas.harvard.edu
Quincy 2009
History of Art and Architecture

This paper analyzes a round panel of stained glass, now in the Fogg but originally at Trinity Chapel at
Canturbury Cathedral. The panel shows a scene from the life of former archbishop of Canterbury Saint
Thomas Becket. Once located in the ambulatory, it was an integral part of the chapel, which was
officially dedicated to Becket when his relics were moved there in 1220, fifty years after he was murdered
just a few feet away, in the cathedral's north transept. Through its visual rhetoric, the panel not only
emphasizes the sacred nature of Becket, but places him in a setting likely to be Canterbury Cathedral
itself. In particular, elements of the scene, such as the design of the capitals, mimic the decoration of
Trinity Chapel; furthermore, both the glass and the chapel are exquisitely colored, mirroring
contemporary reliquary shrines. That the scene is shown in stained glass, which during the medieval
period was classified as a precious gem, exalts the panel all the more. The paper moves from close visual
analysis of the glass itself to draw a larger analogy between the panel and the relics themselves. Visual
depictions of the life of Becket and the miracles he wrought on earth were analogous to physical relics
since pictures of miracles were all that remained of his deeds, just as bones were all that was left behind
of the man himself. Although didactic in that they reminded viewers of the sanctity of Thomas Becket,
scenes of the saint would also have been comparable to relics because they were records of the holy acts
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he had wrought; stained glass reminded viewers — as the bones could not — why the bones were
significant.

Designing an Intervention Model to Reduce the Incidence of Water-Bourne
Parasitosis in Impoverished Communities

Foundation for the International Medical Relief of Children

Jessica Walter and Simy Kabaria jrwalter@fas.harvard.edu
Pforzheimer 2009
Molecular and Cellular Biology/Psychology

The aim of this research is to design a replicable intervention model that will help reduce the risk of
water-borne parasitosis in impoverished communities. Parasitosis is an infection that causes severe
diarrhea and malnutrition. This pilot study took place from August 6th to September 7th 2007 in Jasmin,
Costa Rica, a Nicaraguan refugee camp affected by a high incidence of water-borne parasitosis. The
study tests a model that provides sustainable education about parasitosis transmission and prevention, as
well as inexpensive immediate relief by means of a portable water purification device. Project teams
conducted a situational survey of the community. Questions assessed water collection techniques,
treatment methods, storage, and usage priorities. Teams also noted any symptomatic indicators of
parasitosis as reported by the surveyed households. Based on this information, teams educated 54 high-
risk households. Education provided a spoken curriculum and instructional pamphlets about parasitosis
transmission and prevention. Additionally, each household received two water purification devices. The
model uses the AquaPak, an air bubble layered plastic packet trapping heat through direct exposure to
sunlight, causing the water boil without the use of expensive fuel. Project teams trained households in
AquaPak usage through individual demonstration. The results of this intervention were optimistic and
suggestive of the model’s reproducibility in similarly impoverished, high-risk communities. Overall, the
community embraced and actively participated in the intervention; nearly all of the households chose to
use the Aquapaks as their preferred water purification method. Additionally, follow-up surveys and post-
quizzes were conducted to gage changes in the general knowledge of the community. The results of
these questionnaires revealed an increase in water sanitation awareness, indicating that the model has
the potential to be a sustainable solution to reduce the incidence of water-borne parasitosis.
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