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However at concentrations below 3.5%, protists swelled in 
size and more contaminating organisms were observed. It 
was concluded that optimal salt conditions for laboratory 
growth is between 3.5% and 5.5%. These results will help 
optimize conditions for growing and maintaining this pro-
tist in the laboratory and will thereby facilitate future work 
aimed at characterizing this protist species and investigating 
its possible symbiotic relationship with the green sea urchin. 

The Temporal Requirement of Nicotinic Acetylcholine 
Receptor Subunits Regulating Sleep 
Charalambia Louka, Neural Science 
Sponsor: Professor Nicholas Stavropoulos, Neuroscience 
and Physiology, NYU School of Medicine 

Sleep is a crucial animal behavior that impacts health by 
affecting metabolism, learning and memory, immunity and 
many other bodily functions. Despite the importance of sleep 
in our everyday lives, the brain mechanisms that regulate 
sleep are still not well understood. Drosophila melanogaster, 
the fruit fly, is a model organism whose sleep state shares 
key similarities with mammalian sleep and can be used to 
identify genes that function within the brain to regulate 
sleep. Previous studies in this lab have shown that genes 
encoding for the nicotinic acetylcholine receptor subunits 
play a role in sleep regulation. To further characterize the 

temporal requirement of these genes, this study investigated 
whether their expression functions to assemble brain circuits 
involved in sleep regulation during fly development or if 
the activity of these genes plays a role in regulating sleep 
in the adult fly brain on a day-to-day basis. To answer this 
question, a conditional genetic system was used to control 
the expression of these genes at different times of the fly 
life cycle. Understanding how these genes work is critical 
in piecing together a more comprehensive model of sleep 
regulation that will eventually allow the molecular mecha-
nisms underlying sleep in humans to be understood. 

AD Takes Its Toll: Stimulation of the Toll-like Receptor 
9 to Reduce Amyloid Beta Deposition in Alzheimer’s 
Disease 
Helen Lyo, Biology  
Sponsors: Professor Henrieta Scholtzova, Neurology, NYU 
School of Medicine; Professor Thomas Wisniewski, Neurol-
ogy, NYU School of Medicine  

Alzheimer’s Disease (AD) is the 6th leading cause of 
death in the U.S. and the most common cause of dementia. 
It is characterized by memory and cognitive decline over 
time, of which there is no effective cure. The neuropathol-
ogy of AD is associated with the presence of amyloid beta 
in the vessels and parenchyma and the formation of tau 
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neurofibrillary tangles. The role of microglia/macrophage 
and inflammation is also important in the pathogenesis of 
AD. In this project, the innate immune system is pursued 
as a way to effectively activate macrophages/microglia to 
reduce amyloid beta deposition. Specifically, the Toll-like 
Receptor 9 (TLR9) recognizes unmethylated cytosine-gua-
nosine-rich DNA oligonucleotides (CpG ODNs) to activate 
signaling pathways for immune cells. A particular concern 
with immunization for AD is cerebral microhemmorhages 
associated with increased cerebral amyloid angiopathy 
(CAA), a buildup of amyloid beta deposition in blood vessel 
walls. This novel treatment approach was explored through 
the transgenic mouse model Tg-SwDI, which expresses 
severe early-onset CAA. The mice were divided into two 
groups: 4-14 months before onset of amyloid beta pathology 
and 8-18 months after onset. Data show that modulation of 
microglial function via TLR9 activation is an effective way 
to lower amyloid beta deposition. It was determined that the 
CpG ODN treatment significantly reduced total vascular and 
parenchymal amyloid burden in both groups. There was no 
associated neuroinflammation such as increased astrocyto-
sis and microgliosis observed in CpG ODN treated mice. 
This novel treatment approach can potentially serve as an 
effective, non-toxic therapeutic method for AD in humans.   

Confocal Raman Microscopy (CRM) Studies of the 
Interaction of Phenothiazine Dyes with MCF-7 Breast 
Cancer Cells 
Abdoul Majid Kone, Science, Borough of Manhattan Com-
munity College, CUNY 
Sponsor: Professor Shanti Rywkin, Science, Borough of 
Manhattan Community College, CUNY

Phenothiazine dyes are approved drugs to treat topical 
cancers. This technique is called photodynamic therapy or 
PDT and the mechanism of cancer cell death is unknown. 
This research studies the interaction of the phenothiazine 
derivatives—methylene blue and toluidine blue—with 
MCF-7 cells, a tumorigenic breast cancer cell line, using 
confocal Raman spectroscopy. Since Raman spectroscopy 
is a labile free technique that provides vibrational details at 
the cellular level, it is hypothesized that it will be possible to 
monitor intracellular damage, and specific organelle interac-
tion or damage after PDT treatment. Using confocal Raman 
spectroscopy this study provides a visual confirmation of the 
loss of cytochrome c which plays a central role in apoptosis 
that signals the cell to begin the process of programmed cell 
death. Based on the sharp drop in cytochrome c levels after 
treatment with toluidine blue, this is a more potent photo-
sensitizer when compared to methylene blue.

Reducing Contamination of Ethiopian Waterways from 
Wet Coffee Processing 
Natalie McCauley, Environmental Studies, International 
Relations 
Sponsor: Professor Jennifer Jacquet, Environmental Studies

Ethiopia epitomizes the global water crisis: nearly half 
the population has no access to clean water. Coffee, one of 
Ethiopia’s most profitable industries, produces wastewater 
that contaminates Ethiopia’s waterways on a large scale—
the effluent from one ton of coffee processed generates as 
much waste as 2,000 people per day. To quench the thirst of 
its citizens, Ethiopia must move its coffee industry toward 
less wasteful processing methods; but, current data is insuf-
ficient for coffee or water quality stakeholders to make 
informed decisions about how to improve water quality 
while maintaining the productivity of the industry. Drawing 
on experimental evidence from studies of singular regions in 
Ethiopia and in other coffee producing nations, this project 
presents a framework for determining which changes in 
coffee processing can most improve water quality. Once the 
baseline data is collected by field researchers, the framework 
presented here can be applied to different coffee growing 
regions across Ethiopia to determine the best course of action 
to maintain water quality in this thirsty nation.

Development of Hedonics: Ontogeny of Olfactory and 
Limbic System Circuits Supporting Maternal Odor and 
Predator Odor Responses in Rats 
Kysa McSky, Neural Science 
Sponsor: Professor Regina Sullivan, Child and Adolescent 
Psychiatry, NYU School of Medicine  

Sensory systems must detect environmental stimuli 
and tag information to that odor. This provides the animal 
with information to emit the appropriate response. Tagging 
a sensory stimulus may be particularly important in the olfac-
tory system, which is connected to limbic structures such as 
amygdala, prefrontal cortex (PFC) and hippocampus. The 
olfactory system is well-developed at birth, yet components 
of the limbic system gradually functionally emerge. This 
study explored whether rat pups’ responses to appetitive and 
aversive odors change during development as a function of 
the expanding convergence of the limbic system with the 
olfactory system. Long Evans Rat pups were assessed using 
C14 2-deoxyglucose autoradiograph (2-DG) and exposed to 
appetitive odors and aversive odors. Brains were processed 
and analyzed with Image J. Behavioral responses to aver-
sive and appetitive odors were relatively maintained across 
development with some weakening of responses to preferred 
odors by weaning. In early development, all odors, regard-
less of value, are primarily represented by neural activation 
within the olfactory bulb and anterior piriform cortex. The 
response patterns of all odors expanded to include activation 
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of the hippocampus, prefrontal and orbitofrontal cortex by 
weaning. This suggests that processing during infancy is not 
stable but changes as the rat enters adulthood.

Arguments and Actors in the Recent U.S. Genetically 
Modified Organism (GMO) Debate 
Katherine Mintz, Environmental Studies 
Sponsor: Professor Jennifer Jacquet, Environmental Studies

The American public remains divided on the issue of 
genetic modification. A 2014 Pew Research Center survey 
revealed that 57% of respondents consider GMOs generally 
unsafe. In comparison, 88% of surveyed scientists from the 
American Association for the Advancement of Science con-
sider GMOs generally safe. To understand the information 
that influenced the public’s divergent response to GMOs, 200 
headlines and articles from four U.S. newspapers published 
between 2011–2013 were analyzed. The results show that 
positive coverage of GMOs uses science-based arguments. 
In comparison, negative coverage employs emotional or 
ethical arguments. The findings revealed certain arguments 
and actors received more media attention, indicated by 
higher frequency of mentions in articles. The arguments, and 
the actors that drive them, play a vital role in forming public 
opinion and affect ethical, practical, political and scientific 
considerations of GMOs. This research provides insight into 
arguments influencing public opinion on genetic modifica-
tion and actors with the potential to change the GMO debate.

Helicity Estimation of 2′-O-Methyl DNA/DNA Hybrid 
Duplex Using Two-Dimensional Arrays 
Michael G. Mohsen, Chemistry 
Sponsor: Professor Nadrian Seeman, Chemistry 

DNA nanotechnology entails the use of nucleic acids to 
design and fabricate constructs of structural and topologi-
cal importance as well as utile nanoscale devices. DNA is 
an apt candidate for this type of work because of its high 
level of programmability, a consequence of its base-pairing 
interactions and sticky ends. These properties allow us to 
attain a much greater level of control over the structure of 
matter on the nanoscale than could be attained previously. 
2′-O-methyl DNA is a nucleic acid variant that assumes 
only the A-form and is thought to have dominant helicity 
when hybridized with standard DNA. This has potential use 
in DNA nanotechnology: DNA can assume several forms, 
most commonly A-DNA and B-DNA, and the ability to con-
trol the helical form would introduce another feature which 
can be used to build more robust structures. However, many 
of the properties of this nucleic acid that would make it useful 
to DNA nanotechnology are as of yet uncharacterized. This 
study used a system composed of two double crossover (DX) 
tiles constructed from a hybrid of 2′-O-methyl-DNA and 
standard DNA in order to determine the helicity of the hybrid 

(Lukeman, Mittal et al., 2004; Rinker, Liu et al., 2006). 
The resulting 2D arrays were visualized using atomic force 
microscopy (AFM) and the helical repeat of a 2′-O-methyl 
DNA/DNA hybrid duplex has been determined to be 12.1 
base pairs per turn (Winfree, Liu et al., 1998).

Hydrogen Delocalization and Vibrational States of 
Ni(dmg)2 by a Discrete Variable Representation Method 
Ryan Chris Moreno-Vasquez, Mathematics 
Sponsor: Professor Margaret Mandziuk, Chemistry

In calculations of vibrational modes, hydrogen nuclei 
are light enough that they must be represented by quantum 
mechanical wave functions rather than as classical mechani-
cal points. The two coupled intramolecular hydrogen bonds 
of bis(dimethyl-glyoximato)-Nickel(II) (Ni(dmg)2) provide 
an interesting setting in which to study hydrogen delocal-
ization. The experimental assignment of Ni(dmg)2’s O-H 
vibrational modes is still controversial. Furthermore, its 
abnormally short O-H-O bonds lead one to expect sym-
metric hydrogen bonding, while X-ray determination of the 
structure shows they are in fact asymmetric. In this project, 
a computational study is designed to predict the quantum 
vibrational modes of the two hydrogen in Ni(dmg)2, which 
should help explain the asymmetry in hydrogen bonding. 
The potential energy surface for the two-hydrogen system 
was mapped by electronic structure methods to generate a 
spline potential energy function. The potential energy bar-
rier for O-H-O proton transfer in Ni(dmg)2 was found to be 
quite low. The potential energy was then used in quantum 
mechanical calculations of the vibrational states by a Dis-
crete Variable Representation (DVR) method. The results 
of this investigation of Ni(dmg)2 may elucidate the general 
properties of hydrogen bonding in coupled intramolecular 
asymmetric hydrogen bonds with low potential energy 
barriers. 

Toward a Climate Justice Frame: How Social Movement 
Organizations Articulate Climate Change
Priya Mulgaonkar, Environmental Studies
Sponsors: Professor Jennifer Jacquet, Environmental 
Studies; Professor Dale Jamieson, Environmental Studies 

Framing, the process of constructing meaning around an 
issue, is a critical component of social movement building. 
Effective frames, like the environmental justice (EJ) para-
digm, motivate and empower previously unengaged citizens 
in a problem like air pollution by showing how it connects to 
their lives. As climate change presents perhaps the greatest 
collective action problem in history, how the issue is framed 
may determine whether action is taken to reduce greenhouse 
gas emissions. Social movement organizations (SMOs) have 
begun highlighting the intersection between climate change 
and social inequality, calling for “climate justice” (CJ). Some 
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scholars suggest that CJ is simply a global iteration of EJ. 
However, given the unprecedented nature of this crisis and 
the diversity of interests advocating for CJ, a new frame 
may be in development. This project examines how SMOs 
employ the rhetoric of justice in framing climate change 
by conducting a close content analysis of websites from 
five US-based SMOs: 350.org, Indigenous Environmental 
Network, Friends of the Earth, Labor Network for Sustain-
ability and the National Association for the Advancement 
of Colored People. The results will reveal whether the CJ 
frame bridges existing themes of environmental justice 
with other movement frames to convey a truly inclusive 
and mobilizing message.  

A Proposed EEG Study of Anabolic Androgenic Steroid-
Treated HIV Patients to Examine Dose Timing-Related 
Effects on Impulsivity 
Andre Nakkab, Psychology 
Bryan Nelson, Mathematics, Psychology 
Sponsor: Professor Pascal Wallisch, Psychology

Anabolic Androgenic Steroids (AAS) have a higher 
dependency rate than many other drugs where impulsivity 
has been observed in active users as well as during and 
after withdrawal. The authors propose the first ever EEG 
study of AAS users to examine the effects of dose-timing on 
impulsiveness to examine potential withdrawal effects. To 
do this a cohort of HIV-positive men with AAS-treated wast-
ing syndrome will be assembled. The authors will measure 
orbitofrontal (a region well associated with impulsivity in 
previous literature) activity using an EEG while participants 
perform an Affective Go/No-Go task at different time points 
relative to AAS-administration, such as immediately before a 
cycle starts and midway through a cycle. In this protocol, the 
Go/No-Go is used to measure impulsiveness while the EEG 
measures orbitofrontal activity and anteriorization, which 
can then be correlated to impulsiveness. This study will be 
largely exploratory and will help to expand the literature by 
providing EEG activity of AAS users as well as by furthering 
associations between impulsiveness and EEG location and 
activity. Participants will be analyzed in a way that pairs 
them against themselves (repeated measures ANOVA), 
allowing us to see how activity changes with recency of 
use, providing valuable information for future clinicians.  

Gut Reaction: The Effect of Early Life Gut Microbiota 
Perturbation on Intestinal Inflammation and Type 1 
Diabetes Development in Non-Obese Diabetic Mice
Sandy Ng, Biology
Sponsor: Professor Martin Blaser, Medicine and Microbiol-
ogy, NYU School of Medicine

Microbiota modulates the gut immune system and may 
influence development of diseases such as type 1 diabetes 

(T1D). Genetic and environmental factors influence T1D 
development, which has progressively increased in children 
since the 1950s. Environmental changes include antibiot-
ics administered early in life, a critical time for immune 
development. This study hypothesizes that the increased 
T1D incidence is due to early life antibiotic treatments 
altering the microbiota and subsequently affecting gut 
immunity. This study assessed antibiotic-mediated effects 
on intestinal inflammation, which is characteristic of T1D, 
by examining secretory IgA levels in the gastrointestinal 
tract of non-obese diabetic (NOD) mice. regulation of serum 
amyloid A (SAA) expression was also studied, which was 
significantly downregulated in antibiotic-treated mice, by 
culturing mouse intestinal epithelial cells (CMT-93) with 
lipopolysaccharides. It was found that early life pulsed 
antibiotic treatment lowered secretory IgA levels in male 
NOD mice during treatment. However, IgA levels were not 
significantly correlated with T1D progression in NOD mice. 
Lipopolysaccharides increased SAA expression in CMT-93 
cells. The results show that antibiotic effects on the micro-
biota affect secretory IgA and SAA levels, which influence 
intestinal inflammation. Thus, these findings provide insight 
into early life antibiotic effects on the immune system, which 
may contribute to T1D pathogenesis.

Troublesome Techniques: Determination of Factors 
Affecting the Stability of Ribosomal Protein Coding 
Transcripts in Saccharomyces cerevisae 
Christina Nunez, Biology 
Sponsor: Professor David Gresham, Biology 

Many methods currently exist to facilitate the estima-
tion of RNA synthesis and decay rates. Unfortunately, 
varying techniques have produced incongruent results. 
Studies that utilize global transcriptional shut off methods 
demonstrate that total transcriptome decay rates are equal 
to ribosomal protein (RP) transcript decay rates. However, 
studies that utilize metabolic labeling demonstrate that RP 
transcripts are more stable than the average transcript. It 
was hypothesized that the general stress response associated 
with global transcriptional shut off negatively affects RP 
transcript stability and skews decay rates. To test this, this 
study utilized a third technique—doxcycline-controlled tran-
scriptional repression—that does not induce a global stress 
response. The degradation of five ribosomal protein-coding 
transcripts was studied in five strains of Saccharomyces 
cerevisae with tetracycline-“off” activators upstream of 
the start codon. Transcriptional shut off and cell collection 
over time was performed, followed by RNA extraction and 
qPCR analysis. These findings will elucidate the importance 
of technique selection in accurately determining transcript 
abundance and decay rates. Furthermore, they will contrib-
ute to the current understanding of RP transcript stability, 
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which has implications in protein assembly and biological 
process regulation. These are both important targets for 
therapeutic intervention in disease initiation and progression. 

Searching for Gaps in AGN Disks Using SDSS Spectra 
Ricardo dos S A Nunes, Engineering Science, Borough of 
Manhattan Community College, CUNY 
Sponsor: Professor Kathleen E. Saavik Ford, Science, 
Borough of Manhattan Community College, CUNY

Almost all galaxies contain, at their centers, a supermas-
sive black hole (SMBH; 106-1010Msun). A small fraction 
of these SMBHs are surrounded by a gaseous accretion 
disk, leading to the observational phenomenon of Active 
Galactic Nuclei (AGN). This study searched for evidence 
of gaps in AGN accretion disks by analyzing the spectra of 
a sample of the brightest AGN from the Sloan Digital Sky 
Survey (SDSS). If a gap is present in an AGN accretion 
disk, it is expected that a wavelength dependent flux decre-
ment due to the missing gas would be found. Such a gap 
can only be formed if there is a secondary object in the disk 
that is at least the mass of an Intermediate Mass Black Hole 
(IMBH). If found, this would be the first example of such 
a close, massive binary black hole system. Finding such a 
gap would also allow limits to be set on the aspect ratio and 
viscosity of the disk.  

The Effects of Ocean Acidification on the Growth and 
Feeding Rates of Filter Feeders 
Brynn O’Donnell, Environmental Studies 
Leon Yin, Biochemistry 
Sponsor: Professor Mary Killilea, Biology  

Anthropogenic climate change is having a growing 
impact on ocean chemistry, as rising atmospheric CO2 
results in an influx of CO2 to the ocean that dissolves in 
seawater as inorganic carbon, resulting in lower chemical 
saturation points for calcium carbonate (CaCO3), which 
are the building blocks for calcifying organisms such as 
oysters. Bivalves such as oysters are particularly susceptible 
to ocean acidification for this reason. Oysters and other filter 
feeders eat by moving water through their gills and remov-
ing suspended plankton. Thus decreased feeding rates may 
result in a rise of plankton and therefore an increase in the 
murkiness, or turbidity, of the water. This deterred water 
quality could impact the biogeochemical exchanges and 
the productivity of a marine ecosystem. However, ocean 
acidification remains amongst the least funded issues per-
taining to climate change. As ocean acidification threatens 
the health of calcifying bivalves, this study explores the 
possible effect acidification has on the metabolism of filter 
feeders, and the subsequent effect on turbidity. Oysters (C. 
virginica) and clams are grown under two pCO2 regimes: 
under current conditions and projected end of the century 

conditions. CO2 is manipulated for 28 days, over the course 
of which phytoplankton is injected for feeding, and water 
quality is measured daily. At the conclusion of the experi-
ment, it was found that the oysters within the acidic condi-
tions yielded greater average growth in terms of both length 
and mass, yet there were higher readings of turbidity within 
the acidic tanks. 

Recycling Signage and Behavior Change 
Sebastian Oja, Individualized Major 
Tessa Rosenberry, Environmental Studies 
Richard Davis Saltonstall, Economics, Environmental 
Studies 
Justin Turlip, Environmental Studies 
Sponsor: Professor Katie Schneider Paolantonio, Biology

Universities across the country are struggling to reduce 
the amount of waste they send to landfills and incinerators. 
Although some schools have managed to make ground-
breaking improvements in waste management over the 
past few decades, many schools are still struggling to make 
ground. Schools like NYU only divert about 30% of waste 
away from landfills even though they have the potential to 
recycle as much as 90 or 100%. This study seeks to build 
an understanding of the sociological impact of signage 
updated with weekly feedback on recycling behaviors at 
NYU. The aim of this study is to determine the efficacy of a 
new recycling bin design for sorting waste and to evaluate a 
new signage method for its ability to increase diversion and 
sorting accuracy rates. The authors hypothesize that the new 
bin and signage design will significantly increase recycling 
rates 10% or more. 

Knowing Where You’re Going: Disambiguating Over-
lapping Routes 
Ashima Oza, Psychology 
Sponsor: Professor Brice Kuhl, Psychology

Have you ever walked down the street thinking you’re 
going to the grocery store but ended up at the coffee shop 
instead? People often travel along overlapping routes that 
lead to different destinations; the present study focuses 
on discovering the point at which they can disambiguate 
between a pair of overlapping routes. In a behavioral study, 
participants (N=19) viewed two pairs of overlapping routes 
that led to different destinations around New York City. 
Then, they were shown images from these routes and had to 
identify the destination. Participants were more accurate at 
identifying the destination with each successive viewing of 
the route and for images drawn toward the end of the route. 
For the majority of incorrect responses, participants selected 
the destination corresponding to the overlapping route, 
which indicates errors resulted from the inability to differ-
entiate between overlapping routes. Participants were also 
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able to disambiguate between pairs of overlapping routes 
before the routes diverged, a fact which suggests people are 
able to distinguish between two perceptually similar routes 
and identify where they are going in the early stages of 
navigation. Results from a concurrent fMRI version of this 
study support behavioral results and reveal that patterns of 
activity within the hippocampus also discriminate between 
routes. This allows individuals to devote more attention to 
other tasks while navigating—talking on the phone, taking 
pictures or admiring the scenery. 

Mapping Odor Representations with a Novel, Photo-
convertible Protein 
Leeann Ozer, Music, Neural Science
Sponsor: Professor Dmitry Rinberg, Neuroscience and 
Physiology, NYU School of Medicine  

A fundamental goal of neuroscience is to reveal how 
the brain represents information about physical stimuli in 
the external world. For rodents, chemosensory cues provide 
critical ethologically relevant information to the animal; 
thus, the rodent olfactory system has emerged as a model 
system for studying sensory coding and dynamic sensory 
representations. Yet, the nature of odor representations in 
the olfactory system is not completely understood. This 
thesis aims to develop a method for tagging populations 
of active neurons in vivo in awake, behaving animals to 
enable simultaneous identification of the primary active 
neurons of interest as well as their post-synaptic targets in 
downstream cortical structures. To do this, this study used 
a novel fluorescent protein that changes conformation and, 
subsequently, emission wavelength in the combined pres-
ence of intracellular calcium and violet light. Using this 
novel technique, will make it possible to identify popula-
tions of olfactory neurons that are active during specific 
odor perceptions. Dr. Loren Looger and his colleagues at 
Janelia Research Campus recently developed this modified 
fluorescent-calmodulin protein, the Calcium Modulated 
Photoactivatable Ratiometric Integrator (CaMPARI). Using 
CaMPARI, one can take an activity “snapshot” of neuronal 
activity in a time window that is tightly temporally defined 
according to the external application of violet light while also 
ensuring that active neurons remain marked for post mortem 
whole-brain analyses. Thus, CaMPARI is a promising tool 
for studying the nature of olfactory representations. 

Rapid Statistical Adaptation Alters Perception in 
Humans without Awareness
Ravi Pancholi, Chemistry
Sponsor: Professor Marisa Carrasco, Psychology

Adaptation is a biological imperative. Quick adaptation 
of sensory systems to subtle variations in stimulus properties 
confers metabolic and evolutionary advantages through the 

conservation of neuro-metabolic resources. This re-encoding 
is achieved through a reduction in neural firing rate as a result 
of prolonged exposure to congruent stimulus properties. 
Orientation-selective neurons in the primary visual cortex of 
anesthetized cats adapt their response properties to match a 
bias in the statistics of rapidly changing stimuli. This study 
showed that a similar change in response properties can 
manifest itself in human observers as a perceptual repulsive 
bias. It was also found that this distortion in perceptual 
reports occurs even when observers are unaware of the 
biased feature, a novel result. Given the tendency of subjects 
to compensate if they are aware of a biased stimulus, this 
mode of unconscious adaptation presents psychophysicists 
with the ability to probe the effects of adaptation on neural 
populations without the risk of potential observer bias. In 
addition, these findings could help elucidate the mechanism 
of adaptation in the brain, specifically the downstream cas-
cade of distortions in early population responses and their 
possible compensation in higher cortical regions. 

A Behavioral Assessment of in utero GVG in Attenuating 
NAS Withdrawal Behavior   
Krishna Patel, Biology 
Sponsor: Professor Stephen Dewey, Molecular Medicine, 
Hofstra North Shore-LIJ School of Medicine 

The growing concern of neonatal abstinence syndrome 
(NAS), a drug withdrawal disorder that occurs in neonates 
from drug abuse during pregnancy, has called for alternative 
prenatally administered treatments. Current treatments for 
NAS involve replacement therapies using morphine and 
methadone to reduce NAS symptoms such as withdrawal 
and seizures; however, these treatments have the potential 
for addiction and developmental effects. This study exam-
ined gamma-vinyl GABA (GVG, Vigabatrin), an FDA 
approved non-addictive antiepileptic drug shown to inhibit 
dopamine level increases and drug-seeking behavior from 
drugs of abuse, as a potential NAS treatment. A reduction 
in withdrawal behavior was expected in neonates with 
NAS given GVG prenatally. Pregnant Sprague Dawley rats 
from gestation day 2 were administered morphine (20-60 
mg/kg/day), saline, morphine + GVG (25 mg/kg/day) or 
morphine + GVG (50 mg/kg/day). Withdrawal behavior in 
neonates on postnatal day 1 was measured by scoring time 
sampled videos at 15 minute intervals and assigning a Gross 
Behavior Score (GBS) based on locomotion, rolling, curling 
and stretching. Results showed that morphine + GVG (50 
mg/kg/day) pups had similar behavior scores to saline and 
significantly lower scores compared to morphine (p<0.05). 
Therefore, GVG may have potential uses for reducing 
withdrawal in neonates with neonatal abstinence syndrome. 



97

INQUIRY • Volume 19, 2015

Effect of Caffeic Acid Phenethyl Ester (CAPE) on 
Mammosphere Forming Efficiency, Self-Renewal and 
Phenotype 
Manan Patel, Chemistry  
Sponsor: Professor Coral Omene, Radiation Oncology, NYU 
School of Medicine 

Caffeic acid phenethyl ester (CAPE), the active 
component of the natural honeybee product, propolis, 
has been known to exhibit anti-inflammatory, antioxidant 
and antitumor effects on cancer stem cells (Wu, Omene et 
al., 2011; Omene et al., 2012). Thus, it was hypothesized 
that CAPE would inhibit mammary stem cells (MaSC). 
Single primary mouse mammary epithelial cells (MEC) 
were isolated from Balb/c mice and cultured for 8 days in 
Ultra Low Attachment 96 well plates using mammosphere 
media (Guo et al., 2013). Mammospheres (MMS) formed 
were dissociated and recultured with or without CAPE for 
8 days. MMS were stained with luminal marker K18, PR 
and myoepithelial marker K14 and examined using immu-
nofluorescent microscopy. Results show a dose-dependent 
decrease in mammosphere forming efficiency (MFE) with 
CAPE treatment. Furthermore, it was found that MMS 
showed an increase in immunofluorescence expression of 
the luminal markers PR and K18. These effects were seen up 
to the tertiary generation. Estrogen receptor (ER)-negative 
breast cancer, a biologically aggressive subtype of breast 
cancer, is thought to arise from MaSC (Visvader and Linde-
man, 2011). The results indicate that CAPE inhibits MaSC 
self-renewal possibly via differentiation to a less aggressive 
and more favorable ER+ luminal phenotype. Thus, CAPE 
may potentially serve as a novel, chemo-preventive agent for 
women who are at high risk for ER Negative Breast Cancer. 

Specificity of Fragile-X Mental Retardation Protein-
RNA Complex 
Shivali Patel, Biochemistry
Sponsor: Professor Alexander Serganov, Biochemistry and 
Molecular Pharmacology, NYU School of Medicine

Fragile X Syndrome is the most common heritable form 
of mental retardation and a known genetic form of autism. 
The disease is caused by the absence of functional Fragile X 
Mental Retardation Protein (FMRP). In cells, FMRP inter-
acts with many nucleic acids and proteins and is involved 
in various cellular processes. One of the major functions of 
FMRP is to repress translation of a subset of neuronal mes-
senger RNAs until a specific signal is received. The loss of 
this translational repression is likely the underlying cause 
of the syndrome. How FMRP selects its mRNA targets for 
inhibition remains unclear. This study sought to reveal the 
molecular basis for the binding of FMRP to its mRNA tar-
gets through X-ray crystallography and biochemical assays. 
We have crystallized and determined the three-dimensional 

structure of an RNA-binding fragment of FMRP bound to 
RNA. The data suggests that FMRP can bind RNA specifi-
cally and not promiscuously as previously thought. These 
results will help define the RNA recognition pattern of 
FMRP, identify mRNAs bound by this protein and suggest 
novel targets for treatment options of the currently incurable 
Fragile X Syndrome.

Learning-Induced Long-Term Changes Measured by 
Cytochrome Oxidase Activity
Maria Perica, Neural Science
Sponsor: Professor André Fenton, Neural Science; Dr. Kally 
O’Reilly, Neural Science

It is commonly assumed that learning persistently 
changes brain function. This study tested that hypothesis by 
measuring learning-induced changes in cytochrome Oxidase 
(CO) activity. CO is a metabolic marker of neuronal activ-
ity for measuring steady-state brain function. Rats learned 
to avoid a shock zone in a rotating arena, measured by the 
reduction in number of shocks the animals received. Yoked 
animals received the same physical experience as a trained 
counterpart but could not avoid shocks. One week later, the 
brains were processed for CO activity. It was found that 
functional connectivity (measured as interregional correla-
tion of CO activity) was different between trained and yoked 
animals. Specifically, significant differences were found 
between dorsal CA1 (dCA1) of the hippocampus and the 
cingulate (CgG) region of the prefrontal cortex, two regions 
thought to be involved in learning and decision-making. In 
trained animals, CO activity of CgG and dCA1 correlated to 
number of shocks on days one and two respectively. These 
correlations were not observed in yoked animals, a finding 
which indicates activity in dCA1 and CgG correlates to 
learning rather than shock itself. It is concluded that learning 
can change steady-state brain function and that CO activ-
ity provides a novel platform for investigating functional 
alterations due to experience. 

Hybrid Decoding for Brain Machine Interfaces
Hamza Pervaiz, Neural Science 
Sponsor: Professor Bijan Pesaran, Neural Science 

Brain machine interfaces (BMI) allow for a decoding of 
the neural signal in order to control an external machine such 
as a prosthetic limb. Previous research has indicated that 
there is no significant difference in decoder performance for 
two areas in the brain. This research is contingent upon using 
a reductive measurement for movement: aperture of the 
handgrip. This research creates a novel paradigm for mea-
suring movement. These new measurements encompass a 
larger portion of the information encoded in the hand, based 
on type of grip and joint angles. With this novel method we 
find a decoder performance preference for one area over the 
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other. We now create a hybrid decoder that decodes based 
on area in the brain for optimal decoder performance. Brain 
machine interfaces allow for patients who are paraplegic or 
locked-in to use prosthetic limbs by using only their minds 
to control the machinery. It is essential that the decoding 
algorithms involved in converting the signals read from the 
brain into commands for machinery are accurate and precise.

Analysis of Novel Binding Groups for Incorporation in 
Magnesium Sensors 
Sebastian Piombo, Chemistry 
Sponsor: Professor Daniela Buccella, Chemistry   

Recent studies have suggested that magnesium dysregu-
lation plays a role in the development of several human dis-
eases including, but not limited to, hyptertension, diabetes, 
osteoporosis and features of cardiac and neurological health. 
That magnesium is relevant to human health is undeniable, 
yet current technologies for the measurement of in vivo free 
magnesium concentrations have several significant flaws. 
Fluorescent sensors offer an opportunity to refine the study 
of this critically important divalent cation in vivo. However, 
the specificity of magnesium sensing hinders this field as 
the most commonly used binding group, o-aminophenol-
N,N,O-triacetic acid (APTRA), has a significantly higher 
binding affinity for calcium ions. This high affinity for cal-
cium can lead to artifact in certain dynamic systems, which 
interferes with the measurements of what should be solely 
free magnesium. In this work, novel binding groups are both 
synthesized and analyzed in hopes of finding an alternative to 
APTRA for use in magnesium sensing. Through the use of a 
novel binding group, fluorescent sensor specificity might be 
altered such that the artifact due to calcium binding in vivo is 
minimized or eliminated altogether. This refinement would 
allow fluorescent sensors to play a critical role in illuminat-
ing the intricacies of magnesium’s role in human health.

Diversity and Profiling of Clostridium difficile Isolates 
Identified by Whole Genome Sequencing
Tanni Rahman, Biochemistry
Sponsor: Professor Harm van Bakel, Genetics and Genomic 
Sciences, Mt. Sinai Hospital 

Clostridium difficile is a gram-positive, anaerobic, 
multi-drug resistant bacterium that grows in spores. It is often 
acquired in healthcare facilities while receiving treatment for 
other conditions. After exposure to C. difficile spores, the 
risk of infection in healthy individuals is low as its growth 
is kept in check by other gut bacteria. However, disruption 
of the microbial balance (e.g., due to prolonged antibiotics 
treatment) may result in its proliferation. Pathogenic strains 
produce enterotoxins that attack the mucosal lining of the 
gut, which causes inflammation, pain and diarrhea. In severe 
cases, patients may develop pseudomembranous colitis. 

From 2001-2010 in the United States and internationally, 
C. difficile infections increased significantly in frequency 
and severity due to the emergence of a new hyper-virulent 
strain. Its transmission continues to afflict healthcare settings 
and compromise the quality of patient care. Therefore, it is 
necessary to identify proper areas of intervention. In this 
study, next generation whole-genome sequencing is applied 
to C. difficile isolates that were obtained from a US hospital 
and an abroad site to assess the diversity of strains and to 
generate toxin and antibiotic resistance profiles. The degree 
of C .difficile transmission is determined and potential areas 
for improvement of infection control are identified. 

Categorical Object Representations in the Primate Brain
Priyanka V. Ramesh, Neural Science
Sponsor: Professor Lynne Kiorpes, Neural Science

Does the primate brain have “innate” representations 
of certain objects? This experiment sought to understand 
the origins of object representation in the brain. This study 
examined whether object recognition performance differed 
for biologically-relevant and non-biologically relevant 
stimuli and the influence of familiarity of objects in young 
non-human primates. It was hypothesized that if there are 
“innate” object representations they will exist for biologi-
cally relevant, familiar stimuli and that these stimuli will be 
processed preferentially to non-relevant, unfamiliar stimuli. 
An Odd-Man-Out Task was used in which the subjects 
chose which of three stimuli was different (target) from 
the other two. Performance was assessed by accuracy and 
reaction time. If biologically relevant, familiar stimuli were 
processed faster or more accurately than the non-biologically 
relevant, unfamiliar stimuli, it would indicate the brain 
might be hard-wired to process such biologically relevant 
objects. The results showed subjects’ best performance was 
with simpler, more basic objects regardless of biological 
relevance and familiarity while more complex objects were 
harder to differentiate from one another. These results show 
that representations that are more salient, and perhaps pref-
erentially processed, are simpler objects over complex ones.   

Laser-Scribed Graphene-Characterization of Structural 
and Vibrational Properties 
Dave Rivkin, Chemical Engineering, Borough of Manhattan 
Community College, CUNY 
Jopshio Lorenzo, Chemical Engineering, Borough of 
Manhattan Community College, CUNY 
Sponsor: Professor Friedrich Hoffman, Science, Borough 
of Manhattan Community College, CUNY 

Graphene, a sp2-hybridized form of 2-dimensional 
carbon, exhibits unique electronic, optical, mechanical 
and thermal properties. It is one of the strongest materials 
known, with a breaking strength over 100 times greater than 
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a hypothetical steel film of comparable thickness. Graphene 
also has excellent electronic properties. Theoretically, the 
extremely high electron mobility could result in electronic 
devices, which could work at almost 200 times the speed 
of conventional silicon based devices. Potentially, graphene 
could find a wide array of applications: e.g., ultra-long-life 
batteries, supercapacitors for energy storage, bendable 
computer screens, desalinization of water, improved solar 
cells, superfast microcomputers. However, in spite of the 
great promise of graphene, the development of commercial 
applications has been slow due to the difficulty to manu-
facture this nano-material economically in large quantities 
and sizes. Two basic approaches to producing graphene 
in the lab use the “top-down” methods of either cleaving 
multi-layer graphite into single layers or conversion and 
exfoliation of a graphite based precursor material. The cur-
rent project used graphite oxide (GO) as a precursor for the 
generation of large-scale graphene-based materials. Utilizing 
a LightScribe DVD writer, the red laser of this device is used 
both for the conversion of graphite oxide to graphene and 
for exfoliation of the multilayer. The DVD writer can also 
be programmed to pattern graphene structures at very high 
resolution and precision. Graphene/graphite layers produced 
with this method are characterized with Raman Microscopy 
and Atomic Force Microscopy to determine vibrational and 
structural properties. 

Regulation of GOT1 in a Non-canonical Metabolism 
Pathway in Pancreatic Cancer
Michelle Rudshteyn, Global Public Health/Chemistry
Sponsors: Professor Lewis Cantley, Department of Medi-
cine, Weill Cornell Medical College; Dr. Costas Lyssiotis, 
Weill Cornell Medical College

Unlike healthy, normal cells, pancreatic cancer cells 
exist in a harsh tumor environment and are under increased 
oxidative stress. To survive under these conditions, cell 
metabolism is rewired to support the generation of pro-
survival anti-oxidants. The Cantley lab previously described 
the non-canonical, transaminase-mediated pathway by 
which glutamine is metabolized to enable tumor growth. 
This research investigates regulation of aspartate transami-
nase (GOT1), a critical enzyme in the pathway, by tyrosine 
phosphorylation and other post-translational modifications. 
Seven potential modification sites were identified based on 
an analysis of GOT1 sequence and structure, which showed 
strong evolutionary conservation at the sites and that the 
enzyme is heavily phosphorylated in cancers. Immunopre-
cipitation of GOT1 followed by immunoblotting provided 
evidence that GOT1 is tyrosine phosphorylated. To study 
the potential phosphorylation sites, site-directed mutagenesis 
was conducted to create mutant DNA constructs lacking 
one of the certain sites (e.g., tyrosine to phenylalanine). 

These were used to generate GOT1-mutant-expressing 
pancreatic and colon cancer cell lines, which will elucidate 
the dependence of cell growth and metabolism on tyrosine 
phosphorylation. Importantly, this glutamine-supported 
metabolic pathway is unique to pancreatic cancer. Deter-
mining the mechanisms of GOT1 regulation and expression 
can, therefore, provide a much-needed therapeutic target 
for this disease. 

Structure Function Analysis of the Zelda Protein in 
Drosophila melanogaster 
Hadeel Sadek, Biology 
Sponsor: Professor Christine Rushlow, Biology

At a certain point during early embryogenesis in all 
organisms, a process called the maternal-to-zygotic transi-
tion occurs whereby the embryo comes to rely on its own 
gene products rather than those deposited into the egg by 
the mother. Maternal RNA degradation and zygotic genomic 
activation are hallmark events of this transition. The tran-
scription factor Zelda has been shown to play a significant 
role in genome activation in the fruit fly Drosophila mela-
nogaster. Zelda binds to CAGGTAG sites found in the 
enhancer regions of the early acting genes. This project 
performs a structure function analysis of the Zelda protein 
and looks specifically at the importance of certain regions 
of Zelda in activating genes. The project aims to explore 
the function of a highly conserved region surrounding an 
N-terminal zinc finger and several other domains of the 
protein that have yet to be tested. This will be achieved 
by comparing expression patterns of early zygotic genes 
in wild-type embryos and embryos carrying Zelda-protein 
mutations. The results may provide insight into the basic 
mechanisms of gene regulation and activation during early 
development. By further understanding these processes, the 
errors that occur in these processes can also be better under-
stood, which could lead to human disease such as cancer.

Dosage Compensation Complex Spreading in Cae-
norhabditis elegans 
Mohammad Sadic, Biology 
Sponsor: Professor Sevinc Ercan, Biology

Condensins are evolutionarily conserved protein 
complexes that regulate chromosome condensation in 
eukaryotes. However, the mechanisms of condensin binding 
remain unknown. In Caenorhabditis elegans, a condensin 
complex known as the dosage compensation complex 
(DCC) specifically binds to both X chromosomes in her-
maphrodites and represses transcription by half to equalize 
hermaphrodite (XX) and male (XO) X-expression. The 
DCC serves as a clear paradigm to study the mechanisms 
of condensin binding because two modes of binding can 
be distinguished: recruitment and spreading. Recruitment 
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is fairly well understood, but spreading is not. Based on the 
structural features of the DCC, it is hypothesized that the 
DCC could spread linearly, sliding like a ring along thread. 
Alternatively, the DCC may “hop” from one site to another 
using chromatin loops. To distinguish these two types of 
spreading, a catalytically inactive Cas9 protein (dCas9) 
will be targeted to one side of a recruitment site to block 
spreading. DCC ChIP-seq experiments will be used to see 
how blocking affects DCC spreading. Decreased DCC 
spreading across the dCas9 block suggests linear spreading, 
but no effect on DCC spreading suggests spreading using 
chromatin loops. Determining the mechanisms of condensin 
spreading is important for understanding how condensins 
regulate chromosome structure.

Seven-Membered-Ring trans-Alkenes Reactivity
John Santucci III, Chemistry 
Sponsor: Professor Keith Woerpel, Chemistry

The reactivity of seven-membered-ring trans-alkenes 
was studied in two newly synthesized compounds. “Seven-
membered” refers to the size of the ring being utilized and 
the term “trans-alkene” refers to a specific type of carbon-
carbon double bond that adds strain to a molecule. Strain is 
caused by any deviation from standard geometrical predic-
tions and can lead to increased reactivity. The first trans-
alkene synthesized was composed of two seven-membered 
rings bonded together. The presence of a second ring induced 
further strain on the double bond. In another less strained 
system, the ring’s double bond was substituted with a CH3 
group. The less strained molecule showed greater reactivity 
in the experiments performed: it produced new products at 
rates faster than dimerization, rearrangement or decomposi-
tion of the starting material. Rearrangement, dimerization, 
decomposition and air instability are all challenges faced 
when working with seven-membered-ring trans-alkenes. 
The difficulty in synthesizing these molecules leaves many 
questions about their reactivity and the potential stability of 
other variations containing different ring substituents. By 
studying the effects of varying the substitution of the double 
bond, a better understanding of these molecules viability as 
synthetic targets can be ascertained. 

The Need for Numbers: Unrecognized Impact of Four 
Environmental Education Organizations 
Hannah Saunders, Environmental Studies
Sponsor: Professor Jennifer Jacquet, Environmental Studies

Evaluating the success of experience-based and non-
formal environmental education can be difficult. In their 
2010 article, Carleton-Hug and Hug identify eight categories 
of evaluation-related challenges for environmental education 
programs such as institutional resistance and lack of clear 
program objectives. If they want to sustain, improve and 

grow in a society that increasingly bases its environmental 
decisions in quantifiable data, environmental education orga-
nizations (EEOs) may have to adapt how they self-evaluate. 
This study seeks to find the middle ground between the 
necessity of measurement and the nature of EEOs’ impacts 
to be unquantifiable. The program directors of six EEOs 
were interviewed to pinpoint challenges that were then 
compared across funding and organization type. From this, 
existing non-formal structures of impact measurement were 
identified that could be translated to a format accessible to 
decision-makers and funding sources. Drawing from the 
assessment tools of Harder et al.’s (2014) newly created 
values-based evaluation framework, this study analyzed its 
compatibility with each of the EEOs studied. This applica-
tion in six new cases of Harder et al.’s alternative framework 
and the identification of further challenges and structures of 
impact measurement works toward the accurate recognition 
and funding of environmental education.

How Price and Carbon Footprint Labels Affect Con-
sumer Preference to Purchase Used Goods, Barter or 
Buy Them New 
Royal Sayewitz, Environmental Studies 
Sponsor: Professor Anne Rademacher, Anthropology

We live in an era of unprecedented material abundance 
and waste: in North America only one percent of material 
goods are still in use just six months after their sale. However, 
second-hand markets are gaining traction as a preferred mode 
of procuring goods. Such markets inherently maximize the use 
phase of material goods and reduce the environmental costs 
associated with the production of new material goods. This 
work investigates the effect of carbon labeling on consumer 
preference to 1) purchase goods used, 2) barter for them or 
3) buy them new in order to better understand whether such 
a tool can be used to promote less environmentally burden-
some modes of material consumption. This study presents the 
results of a survey and answers three main questions: 1) Does 
price affect preference to buy new, buy second-hand or barter 
for material goods? 2) Are individuals more willing to barter/
buy used material goods when carbon footprint information 
is provided? 3) How does a person’s ecological worldview 
correlate with procurement preference, both with and without 
carbon footprint information? These results illuminate ways 
to enhance collaborative consumption. 

Autism Spectrum Disorder-Like Phenotypes Accom-
panied with Learning Impairments in the eIF4E/Fmr1 
Double Mutant Mice
Manan N. Shah, Neural Science, Psychology
Sponsor: Professor Eric Klann, Neural Science

Autism spectrum disorders (ASDs) are classified 
by repetitive and perseverative behaviors, anxiety-like 
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behaviors, deficits in social interaction skills and, often, cog-
nitive dysfunction. To date, no specific cause of ASDs has 
been found. However, previous research indicates that vari-
ous mutations lead to ASD-like behaviors in rodent models. 
This study examined the effect of crossing eIF4E transgenic 
mice, which have been shown to demonstrate ASD-like 
behavior due to exaggerated translation, with Fmr1 knockout 
mice, which is a well-established mouse model of fragile X 
syndrome (FXS). This study hypothesized that because the 
two mice models exaggerate protein synthesis at different 
stages of translation, crossing them would generate an exag-
gerated phenotype. In the marble burying task, the single 
and double mutants demonstrated repetitive/perseverative 
behaviors compared to wild type. In the social interaction 
task, the single and double mutants demonstrated deficits in 
social behavior compared to wild type. In the novel object 
recognition task and Morris water maze, double mutants 
demonstrated an impairment in learning. Therefore, consis-
tent with this study’s hypothesis, the double mutant exhibits 
ASD-like phenotypes in addition to cognitive dysfunction, a 
symptom not observed in either single mutant. These results 
will aid in the ongoing attempts to understand the molecular 
and genetic mechanisms of ASDs. 

Using FIREWACh as a New Tool for Identifying Key 
Transcription Factors Mediating the Direct Program-
ming of Embryonic Stem Cells to Spinal Motor Neurons
Doaa Shalabi, Economics
Sponsor: Professor Lisa Dailey, Microbiology, NYU School 
of Medicine 

Spinal cord injury results in the loss of sensory and 
motor neuron function and can lead to partial or total paraly-
sis. Emerging technologies in stem cell biology generate 
specific cell types in vitro for replacement of diseased or 
damaged cells and tissues. Traditional approaches entail a 
determination of optimal combinations of growth factors or 
other signaling molecules that will cause embryonic stem 
cells (ESCs) to differentiate into the desired specialized cell 
type. However, the generally low efficiency and lengthy 
duration associated with these protocols represent major 
challenges to clinical application. More recently, direct 
programming, which utilizes the forced expression of key 
transcription factors in a cell type, has been successful in 
redirecting cell identity to that of a desired target cell type. 
Its success requires there be a means for identifying relevant 
key TFs that can effectively redirect cell fate. To address this 
challenge, the Dailey Lab utilizes a new approach, named 
FIREWACh, that has been developed for directly identify-
ing functional transcriptional regulatory enhancers that are 
uniquely utilized for activating sMN gene expression. It 
requires the transduction of cells with viruses containing 
nucleosome-free region DNA cloned into lentiviral reporter 

plasmids. Motif analyses of the sMN- enhancer sequences 
will identify key TFs driving sMN fate and define TFs 
required for efficient programming of fibroblasts to sMNs, 
providing a new strategy for use in replacement therapy. 

Investigating Medial Temporal Lobe Contributions to 
Temporal Perception and Memory 
Brynn Sherman, Politics 
Sponsor: Professor Lila Davachi, Psychology

Our continuous stream of cognitive and perceptual input 
is parsed into discrete events at “boundaries” or contextual 
changes. Recent behavioral work has shown that event 
boundaries reduce associative memory for information 
occurring across a boundary, and this can be manifested 
in a distortion of the perceived temporal order or distance 
between items across a boundary. Neuroimaging data have 
suggested that activity in the hippocampus contributes to 
successful bridging of these boundaries and formation of 
associative memories across multiple events. To examine 
the contributions of the medial temporal lobe to bridging 
and keeping time across boundaries at different time scales, 
patients with unilateral or bilateral medial temporal lobe 
damage completed two temporal estimation tasks. Bilateral 
medial temporal lobe and left temporal lobectomy patients 
showed an impaired ability to bridge across contextual 
boundaries at the long time scale. However, these patients 
show no impairments at the short-time scale, a fact which 
suggests that although they remain sensitive to boundaries 
and exhibit normal event resetting at boundaries, they fail 
to bridge these boundaries in memory at a delay. Together 
these data complement fMRI data suggesting left-lateralized 
hippocampal processes may be necessary to integrate infor-
mation across changes and link distinct events in memory.  

Everyday Stories: How Do Changes in Time and Space 
Shape Memory in People with and without Schizophre-
nia? 
Ilana Shiff, Psychology 
Sponsor: Professor Lila Davachi, Psychology 

Though experiences unfold continuously, people seg-
ment incoming streams of information into events in order 
to process, understand and retrieve them. The current study 
investigates the impact of event boundaries, the points at 
which one event ends and another begins, on memory for 
naturalistic stories. In Experiment 1, healthy participants 
read and recalled two Curious George stories. It was found 
that memory for the order of sentences was enhanced within 
the same spatial context compared to across spatial boundar-
ies. In fact, memory for spatial boundary sentences them-
selves was disrupted. Interestingly, order memory within the 
same temporal context compared to across time boundaries 
was the same. In Experiment 2, this process was explored in 
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schizophrenic patients, a population typically characterized 
by deficits in episodic memory and disorganized thought. 
Unlike the healthy cohort, schizophrenic patients did not 
differ in their recall and order memory as a function of 
boundary type. Together, these data replicate and expand 
prior work on the effects of event boundaries on episodic 
memory to a naturalistic stimulus. The data also raise ques-
tions about why types of changes may differentially affect 
memory. Furthermore, the comparison with a patient popula-
tion helps to understand the specific cognitive impairments 
underlying the memory deficit in schizophrenia.

A Proof of Instability for Higher-Order Sigma-Delta 
Quantization under the Greedy Quantization Rule 
Tobias Shin, Mathematics 
Sponsor: Professor C. Sinan Güntürk, Mathematics

Analog-to-digital conversion is the process of repre-
senting a continuous analog signal by a discrete, quantized 
set of elements (bits) from a finite alphabet. This research 
focuses on a particular conversion process known as sigma-
delta modulation and a specific algorithm known as the 
greedy quantization rule. Sigma-delta modulation operates 
by choosing, for each given signal sample, an appropriate 
quantized output associated with a suitable difference equa-
tion. The greedy rule, at each time step, sets the quantized 
output to be the value that minimizes the next state of the 
solution to this difference equation. It is known that the 
greedy rule maintains optimal stability for first-order sigma-
delta modulation (i.e., the analog signal can be represented as 
best as possible) and that the greedy rule maintains stability 
for second-order modulation (i.e., bounded, but not opti-
mally). However, the greedy rule fails even in maintaining 
stability for higher-order modulation, which is needed for 
high accuracy approximations. This project is a proof of the 
aforementioned instability, which was observed through 
numerical simulations. A proof of instability justifies the 
use of alternative, non-greedy quantization rules for high 
accuracy applications as well as understanding when and 
how they become stable. 

Proinflammatory Biomarkers and Post-Breast Cancer 
Lymphedema 
Nikita Singh, Global Public Health/Chemistry 
Sponsors: Professor Daniel Malamud, Basic Science and 
Craniofacial Biology NYU College of Dentistry; Professor 
Mei R Fu, NYU College of Nursing

Breast cancer related lymphedema is the abnormal 
accumulation of lymph fluid in the interstitial tissue space 
caused by disruption in the lymphatic system associated 
with cancer treatment. This debilitating condition affects 
millions of women treated for breast cancer. Patients 
undergoing breast cancer treatment are at lifetime risk 

for lymphedema, which can cause discomfort, impaired 
limb mobility and impaired physical function all of which 
significantly decrease survivors’ quality of life. Currently, 
there is no cure for lymphedema. Infection and obesity are 
the two major risk factors for women who have developed 
lymphedema after breast cancer treatment. Proinflamma-
tory and lymphogenesis biomarkers may be associated with 
lymphedema due to the risk factors of infection and obesity. 
Thirty-seven breast cancer patients were recruited and their 
blood and saliva samples were collected and analyzed 12 
months post surgery. The biomarkers evaluated include 
the lymphatic specific growth factors (VEGF, VEGF-C, 
VEGF-D), which can act as potential prognostic markers 
for disease activity, and proinflammatory cytokines (IL-1β, 
IL-4, IL-6, IL-8, IL-10, IL-13, TNF-α), which are important 
in predicting inflammatory responses and immune system 
regulation. The goals of this study are to 1) compare proin-
flammatory and lymphogenesis biomarker levels in plasma 
and saliva samples and 2) evaluate the relationship between 
these biomarkers and lymphedema. Biomarker levels were 
analyzed using an electrochemiluminescence detection 
system (MesoScale Discovery (MSD)), which uses specific 
anti-human Sulfo-tagged antibodies for each biomarker and 
achieves picogram level sensitivity. Biomarker levels of a 
patient are usually evaluated using blood samples, which is 
invasive. However, the collection of saliva is non-invasive 
and displays biomarker levels comparable to their blood 
sample counterpart. Thus, saliva samples may be used as 
an alternative to blood samples in the future as diagnostic 
indicators of lymphedema.  

Design of 4-Turn Tensegrity Triangles with PX Edges 
Jessica Somberg, Chemistry 
Sponsor: Professor Nadrian Seeman, Chemistry 

It has been demonstrated previously that DNA tenseg-
rity triangles containing 2-, 3- and 4-turns per edge can 
self-assemble into designed 3D crystals via sticky-ended 
cohesion (Liu, Wang et al., 2004; Zheng, Birktoft et al., 
2009). Moreover, it was found that 2-turn DNA tensegrity 
squares can form designed 2D but not designed 3D lattices. 
Recently, it was shown that a 3-turn DNA tensegrity triangle 
containing DNA triplex edges can also self-assemble into 
designed 3D lattices. The present work expands the notion 
of using DNA motifs in the edge of a 4-turn tensegrity 
DNA triangle. This study designed both symmetric and 
asymmetric triangles using a paranemic crossover motif 

for the edges that has been programmed to associate into a 
3D lattice structure (Shen, Yan et al., 2004). Preliminary gel 
data have shown that the designed strands assemble into a 
unique structure characterized by a single band formed on 
a non-denaturing polyacrylamide gel. Future applications 
include the ability to create three-dimensional structures 
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that can manipulate and program protein interactions not 
generally found in nature.

Design of G1 DNA Origami Toroid Surfaces via Topologi-
cally Knotted Scaffold Strands 
Jessica Somberg, Chemistry   
Sponsor: Professor Nadrian Seeman, Chemistry 

The Color Theorem states the separation on an object 
into contiguous regions can be distinguished by a sufficient 
number of colors based on the genus of the object. G0 objects 
only require 4 colors, while g1 objects such as a torus require 
7 colors based on the theorem’s formula (Appel and Haken, 
1977; Ringel and Youngs, 1968). It has been demonstrated 
previously that single stranded DNA can be utilized to form 
a 31 (trefoil) knot with a half turn of DNA forming each node 
of the knot (Du and Seeman, 1994). The objective of this 
work is to form g1 DNA origami torus structures by design 
of 31, 51 and 71 trefoil knots with elongated GC rich linker 
regions and genus diameters greater than 20 Å to ensure 
visualization by AFM. The exclusive interactions between 
regions of the single strand will occur in AT rich nodes 
designed from unique oligonucleotide tetramers. Ligation 
in this configuration will sustain the knotted structure and 
is achieved with topologically protected linker regions. The 
creation of a g1 torus DNA origami structure is designed to 
form via interactions between the linker sequences in the 
knotted scaffold and staple strands designed to interact with 
the linker regions and outcompete the complementary node 
regions of the scaffold knot.  

Regulation of Histone H4K20 Methylation by DPY-21 
in Caenorhabditis elegans 
Amanda Su, Biology 
Sponsor: Professor Sevinc Ercan, Biology 

The dosage compensation complex (DCC) is a complex 
of proteins that equalizes X chromosome expression between 
hermaphrodites (XX) and males (XO) in Caenorhabditis 
elegans. Currently the working model involves DCC binding 
to the X chromosome, which repels SET-4 from methylating 
H4K20me1 to H4K20me2/3 resulting in an enrichment of 
H4K20me1 on X compared to autosome. Previous RNA-seq 
data in set-4 null mutant showed an increase in X chromo-
some expression, which could have been due to increasing 
X expression or decreasing autosomal expression. To resolve 
this issue, we spiked in a standard Caenorhabditis brigg-
sae. The normalized data in set-4 mutant shows a greater 
decrease in expression of autosomes as compared to X, 
which explains why in previous RNA-seq data X expression 
appears to have increased compared to wild type. In terms 
of this model, without SET-4 H4K20me1 increases across 
the whole genome resulting in genome-wide transcriptional 
repression. Since in the set-4 mutant the H4K20me1 increase 

is larger on autosomes, the repression is greater compared to 
on the X resulting in a net increase in X expression. Dosage 
compensation enzymes like set-4 are essential for develop-
ment in mammals, and the mechanisms that regulate these 
proteins are important for gene regulation.    

Modulation of Purkinje Cell Complex Spike Waveform 
by Synchrony Levels in the Olivocerebellar System
Colleen Y. Suh, Neural Science 
Tianyu (Tina) Tang, Neural Science
Sponsor: Professor Eric Lang, Neuroscience and Physiol-
ogy, NYU School of Medicine 

Purkinje cells (PCs) generate complex spikes (CSs) 
when activated by the olivocerebellar system. Unlike most 
spikes, the CS waveform is highly variable, with the number, 
amplitude and timing of the spikelets varying with each 
occurrence. This variability suggests CS waveform could 
be an important control parameter of olivocerebellar activ-
ity. The origin of this variation is not well known. Thus, 
the authors obtained extracellular recordings of CSs to 
investigate the possibility that the electrical coupling state 
of the inferior olive (IO) affects the CS waveform. Using 
multielectrode recordings from arrays of PCs the authors 
showed that the variance in the recording signal during the 
period when the spikelets occur is correlated with CS syn-
chrony levels in local groups of PCs. The correlation was 
demonstrated under both ketamine and urethane, indicating 
that it is robust. Moreover, climbing fiber reflex evoked CSs 
showed an analogous positive correlation between spikelet-
related variance and the number of cells that responded to a 
stimulus. Intra-IO injections of GABA-A receptor antago-
nists or the gap junction blocker carbenoxolone produced 
correlated changes in the variance and synchrony levels, 
indicating the presence of a causal relationship. Control 
experiments showed that changes in variance with syn-
chrony were primarily due to changes in the CS waveform 
as opposed to changes in the strength of field potentials 
from surrounding cells. Direct counts of spikelets showed 
that their number increased with synchronization of CS 
activity. In sum, these results provide evidence of a causal 
link between two of the distinguishing characteristics of the 
olivocerebellar system: its ability to generate synchronous 
activity and the waveform of the CS. 

Increasing the Thermostability of Proteins by Incorpora-
tion into Sugar Crystals and Glasses 
Kelly Tripathi, Chemistry, Politics 
Sponsor: Professor Bart Kahr, Chemistry 

Most vaccines are unstable at elevated temperatures and 
must be constantly refrigerated in order to maintain activity. 
This problem becomes especially important in develop-
ing countries where maintaining refrigeration is a costly 
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challenge. This project aims to store and stabilize immu-
nogenic proteins by incorporating them into biocompatible 
sugar crystals and glasses. Both potential hosts have been 
previously considered for this purpose and showed some 
promising results; however, no systematic analysis has been 
performed in either case. The focus of this project is on the 
capacity of hosts to accommodate proteins and the stability 
of proteins inside the hosts. Lactose monohydrate crystals, 
the best single crystalline host known so far, is shown to be 
able to incorporate at least 0.5 wt.% of bovine serum albumin 
(BSA), a sufficient concentration to formulate some types 
of vaccines such as the vaccine for influenza. Results on 
the stability of green fluorescent protein (GFP) in lactose 
monohydrate crystals are irresolute as some crystals show 
increase of protein stability while others decrease stability. 
Sucrose-trehalose glasses are shown to remain stable over 
long time periods but only when humidity is maintained 
at low level. Upon recrystallization, however, proteins are 
damaged and lose activity.

Biochemical and Biophysical Studies of the Staphylococ-
cus aureus Drug Transporter NorA
Abhinay Tumati, Chemistry 
Sponsor: Professor Nathaniel Traaseth, Chemistry  

There is a vast amount of structural information on 
soluble proteins but much remains to be discovered about 
membrane proteins. One of the families of membrane-bound 
proteins present in bacterial and eukaryotic cells are the 
Major Facilitator Superfamily (MFS) proteins. The MFS 
family contains a wide array of membrane proteins made 
up of 12-14 transmembrane helices. NorA, the norfloxacin 
efflux protein, is an MFS protein composed of 12 TM-
helices and 388 amino acids with an estimated molecular 
weight of 42,385 Daltons. Clinically, NorA has been found 
to be overexpressed in methicillin-resistant Staphylococcus 
aureus (MRSA) strains, which are responsible for life-
threatening infections. NorA binds and expunges certain 
types of antibiotics like Norfloxacin from the bacteria’s 
cytoplasm to its periplasm. As a result, this confers resis-
tance to the antibiotic. In order to further understand NorA’s 
affinity to particular drugs, the protein was expressed and 
purified from BL21 Escherichia coli cells. Subsequently, 
pH dependent tryptophan fluorescence binding assays with 
increasing concentrations of Norfloxacin and Ciprofloxacin 
were performed in order to elucidate NorA’s binding affinity 
to the two commercial antibiotics. From these results, it is 
anticipated that there is a key tryptophan residue in NorA’s 
binding pocket that plays a crucial role in the binding of 
specific drugs. By analyzing how NorA recognizes and 
transports antibiotics, this study hopes to combat antibiotic 
resistance diseases by targeting specific protein residues that 
are integral in effluxing drugs from pathogens.

Hippocampal NMDA Receptor and Group 1 mGluR 
Signaling in Phencyclidine Intoxication
Kayla W. Tunnell, Neural Science 
Sponsor: Professor André Fenton, Neural Science 

N-methyl-D-aspartate receptors (NMDAR) and group 1 
metabotropic glutamate receptors (mGluR) are implicated in 
a multitude of psychiatric disorders, including schizophrenia. 
Phencyclidine (PCP), an NMDAR uncompetitive antagonist 
and illicit narcotic, elicits schizophrenomimetic cognitive 
deficits and neural discoordination in rodents. However, 
the molecular mechanisms responsible for PCP’s pathology 
are unknown. Treatment with a protein synthesis inhibitor 
abrogates PCP-induced cognitive deficits; therefore, PCP 
must enhance translation signaling. Western blot results were 
acquired from acute, in vitro pharmacological experiments 
comparing PCP with NR2A- and NR2B-subunit-specific 
antagonists in hippocampus. PCP and the NR2A-blocker, 
but not the NR2B-blocker, caused significant activation 
of proteins responsible for translation up-regulation and 
synaptic plasticity, a fact which indicates PCP’s effects are 
predominantly mediated by hypoactivity of synaptic NR2A-
containing NMDARs. To examine the effects of mGluR 
activity on PCP intoxication, sections were co-treated with 
an mGluR agonist. The mGluR agonist exacerbated PCP- 
and NR2A-antagonist-induced activation of translation 
signaling. Taken together, these results suggest PCP causes 
excessive mGluR-dependent protein translation mediated 
through hypofunction of NR2A-containing NMDAR, 
which may contribute to, or underlie, PCP-induced neural 
discoordination and cognitive control impairment. These 
experiments describe a mechanism for PCP in hippocampus 
and suggest Group 1 mGluR neurotransmission as a novel 
drug target for schizophrenia’s cognitive symptoms.  

Purification of the γ-Secretase Complex from Pichia 
pastoris 
Mitchell Wang, Biology 
Sponsor: Dr. Yueming Li, Memorial Sloan Kettering Cancer 
Center

Alzheimer’s disease (AD) is the world’s most common 
form of dementia. One of the most prominent biological 
targets in AD research is γ-secretase a protease complex 
that cleaves amyloid precursor protein (APP) into varying 
lengths of amyloid beta (Aβ). Mutations in γ-secretase can 
lead to aberrant cleavage of APP, resulting in Aβ oligomer-
ization, plaque formation and subsequent AD pathology. 
Despite γ-secretase’s importance in AD, no crystal structure 
exists for this multi-pass transmembrane enzyme due to the 
inherent difficulty of crystallizing insoluble proteins. To that 
end, an effective purification protocol is being optimizing 
that will lead to obtaining pure and active samples of both 
the wild type and mutated γ-secretase complex. This study 
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used Pichia pastoris to overexpress γ-secretase and various 
methods, such as affinity chromatography (Nickel-histidine 
purification) and anion exchange, to purify γ-secretase. 
Future studies have been planned to solve the crystal struc-
ture of the active, pure γ-secretase complex and to identify 
possible drug interaction sites by covalently crosslinking 
γ-secretase with select probes, trypsinizing to ascertain 
interaction sites and then pulling down with streptavidin 
and eluting for LCMS analysis. These studies would con-
tribute greatly towards rational drug design efforts to combat 
Alzheimer’s disease. 

Analysis of αβ-TCR-CD3 Interaction via ELISA and 
2D Assays 
Andrew Wasson, Economics 
Sponsor: Professor Michelle Krogsgaard, Pathology, NYU 
School of Medicine 

The T-cell receptor (TCR) on T-cells, a specialized 
immune cell type, interacts with the foreign or tumor associ-
ated peptide-major histocompatibility (pMHC) complex on 
antigen presenting cells (APCs) to trigger adaptive immune 
responses. These responses require the synchronized activity 
of several TCR-associated molecules, namely the CD3γ, δ 
and ε chains, which are non-covalently associated with the 
TCR. The signal transduction of TCRαβ through its CD3 
molecules, after pMHC ligand binding, is unknown. The 
goal of this research is to study the TCR-CD3 interaction, 

specifically through enzyme-linked immunosorbent assays 
(ELISA) and two-dimensional (2D) mechanical based 
assays. For ELISA, double alanine mutations were intro-
duced on previously identified interaction sites between the 
TCR-α subunit and CD3δε. The mutated T-cells underwent 
in vitro expansion and antigen presentation. Our ELISAs 
monitored IL-2 production, an immune marker produced 
by activated T-cells. Mutations resulting in low IL-2 pro-
duction compared to wild type were identified as critical 
residues important in TCR-CD3 interaction. For 2D assays, 
similar double alanine mutant TCRs and CD3 proteins were 
expressed, purified and coated onto cells or beads. The 
beads were brought to contact at zero distance to allow bond 
formation and the strength of the interaction was measured. 
These experiments will be used to create a complete model 
of the TCR-CD3 ectodomain interaction, which will address 
important issues such as the precise structural arrangement 
and the role of each subunit in T-cell signal transduction. 

Self-Assembly of AB Systems With C:G Pairs Flanking 
the Sticky-Ends 
King Fai Wong, Chemistry 
Jacky Ng, Chemistry 
Sponsor: Professor Nadrian Seeman, Chemistry

Three dimensional lattices can self-assemble from 
single tensegrity triangles via sticky-end interactions (Zheng, 
Birktoft et al., 2009; Liu, Wang et al., 2004). Recent results 
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show that the sequences flanking the sticky-end have an 
impact on the resolution of the crystals: a 2-nt sticky-end 
flanked by CG:CG base pairs diffracted to 4.07 Å compared 
to the previously reported CA:TG sequence (4.9 Å) at beam 
line NSLS-X25 (Wu, Ohayon et al., 2014). In this context, 
the molecules of a previously reported two-turn system 
(5.00 Å at NSLS-X6A) were redesigned by modifying 
the base pairs flanking the sticky-ends to be CG:CG. In 
one experiment, all the strands were mixed in one pot and 
slowly cooled from 65° C to 4° C while in a second experi-
ment each triangle was first annealed separately and mixed 
with the complementary triangle at 4° C. Crystals grown at 
20° C (200 um) were larger than the ones obtained at 4° C 
(50 um). X-ray experiments of two-turn systems showed 
that the crystals obtained via both protocols diffracted to 
5.4 Å at beam line NSLS-X25 and had the same R3 space 
group with similar unit cells (a = 88.68 Å, α = 73.18°). It 
is expected that these redesigned to aid in the scaffolding 
of biological macromolecules for crystallographic structure 
determination. 

Self-Assembly of a Two-Triangle System Containing 
Both 3’- and 5’-Sticky Ends
Lisa Wu, Chemistry 
Sponsor: Professor Nadrian Seeman, Chemistry

Three-dimensional DNA crystals can self-assemble 
from single tensegrity triangles via sticky-end interactions. 
A similar lattice containing two different triangles (termed 
A and B) was also crystallized (Zheng, Birktoft et al., 2009; 
Liu, Wang et al., 2004; Wang, Sha et al., 2010). Both the 
single triangle lattice and the AB system cohered via 2 nucle-
otide sticky ends using 5’ overhangs and diffracted to 5.0 Å at 
beam line NSLS-X25. Recently, triangles with 5’-phosphate 
and 1 nucleotide sticky ends (C:G) have been shown to 
diffract to a better resolution (3.0 Å) at the same beam line 
(Sha, Birktoft et al., 2013; Ohayon, Chandrasekaran et al., 
2013). These results suggest that the self-assembled crystals 
diffract at a higher resolution when the triangles form first 
before interacting with other triangles. However, the AB 
system with 1 nucleotide sticky ends diffracted to 5.1 Å at 
beam line NSLS-X25. In this context, the molecules of the 
AB system were redesigned by modifying the triangles such 
that each triangle would contain both 3’ and 5’ sticky-ends 
with phosphate groups. One triangle was modified to have a 
guanine overhang while the complementary triangle used a 
cytosine overhang. Preliminary diffraction results obtained 
for crystals grown at room temperature diffracted to 6.0 Å 
at beam line APS-19-ID. Experiments are currently being 
performed to grow larger crystals at 4° C.

Investigating the Selective Intrinsic Resistance of Cranial 
Motor Neurons to ALS and SMA 
Ilona Yagudayeva, Biology 
Sponsor: Professor Esteban Mazzoni, Biology

The nature of the intrinsic resistance of cranial motor 
neurons to neurodegeneration is not understood and rep-
resents an under-exploited area of Amyotrophic Lateral 
Sclerosis (ALS) and Spinal Muscular Atrophy (SMA) 
research. One of the first steps during neurodegeneration in 
ALS and SMA is the retraction of axons and denervation 
of musculature; therefore, this research sought to establish 
an appropriate platform to study the ability of spinal and 
cranial motor neurons to form neuromuscular junctions 
(NMJs). To generate NMJs in vitro, spinal and cranial motor 
neurons programmed from embryonic stem cells (ESC) were 
cultured with pectoral muscle dissected from Day 10-12 
chick embryos. ESC was differentiated into motor neurons 
by the activity of three transcription factors. The expression 
of Ngn2-Isl1-Lhx3 (NIL factors) and Ngn2-Isl1-Phox2a 
(NIP factors) programs spinal and cranial motor neurons at 
>95% efficiency respectively (Mazzoni et al.). To establish 
the formation of NMJs, the MN-muscle co-cultures were 
monitored for contractions, and immunohistochemistry was 
analyzed for co-localization of SV2, a presynaptic marker, in 
motor neurons with α bungarotoxin, a postsynaptic marker, 
in muscle. From three trials of this experiment, contractions 
were observed in co-culture as early as Day 5 sustained for 
up to 14 days with peak contractions observed around Day 
10-14. No contractions were evident in control for the first 
two weeks of culture. Immunohistochemistry confirmed the 
formation of NMJs in co-culture. Immunohistochemistry 
analysis paired with sustained contractions provides evi-
dence that our ESC-derived motor neurons are functional 
and can form NMJs with muscle in vitro. However, despite 
optimization of the protocol in this lab, the use of muscle 
from chick embryos has proven to be highly inefficient: the 
low yield of NMJ formation and high monetary and time 
costs make this a less than an ideal platform for long-term 
research. 

L-cystine Crystal Growth Inhibition Using Molecular 
Analogs 
Anthony C. Yu, Chemistry 
Sponsor: Professor Michael Ward, Chemistry

L-cystine, the disulfide dimer of L-cysteine, is the 
primary crystalline component of L-cystine kidney stone 
growth, a hereditary disorder that results from mutation 
in the SLC3A1 (2p21) or the SL7A9 (19q13) gene and is 
commonly known as cystinuria. Mutations in these genes 
disrupt the formation of dibasic transport proteins, which 
leads to L-cystine buildup in the urine. While current treat-
ment options have many negative side effects, previous 



107

INQUIRY • Volume 19, 2015

studies have shown that alternative options may lie in the 
prevention of crystal growth at a near molecular level by 
introducing molecular analogs of L-cystine into the growth 
environment. Among previously reported L-cystine ana-
logs, L-cystine dimethyl ester (L-CDME) and L-cysteine 
methyl ester (HCME) exhibited the greatest inhibitory 
effects in crystal growth step velocity when tested by in situ 
atomic force microscopy (AFM). L-cystine bismorpholide 
(L-CDMOR) and L-cystine bis(N’-methylpiperazide) 
(L-CDNMP), which were found to be effective in mice trials, 
were also tested and compared to the previously mentioned 
inhibitors. L-cystine peptides using alanine, valine and 
phenylalanine as perturber groups were hypothesized to be 
transported better in the body, but AFM results exhibited no 
inhibitory effects. Overall, the effective inhibitors of 0.030 
mM concentration reduced the step velocities by 40-60% 
for all analog types. These results confirm that L-CDNMP 
and L-CDMOR inhibit crystal growth in a similar manner to 
L-CDME and may be additional candidates for preventing 
kidney stones at the crystal growth stage. Excitingly, this 
method of molecular inhibition can present a novel treatment 
method exclusive of negative side effects that accompany 
current options. 

Features Most Critical to Marine Protected Area Success 
in a Developing versus Developed Context 
Brian Yurasits, Environmental Studies 
Sponsor: Professor Jennifer Jacquet, Environmental Studies

Marine Protected Areas (MPAs) are a tool used increas-
ingly for ecological restoration and conservation of species 
populations and marine habitat by nations globally and have 
been shown to be successful in achieving their ecological 
and economic goals. However, not all implemented MPAs 
have reached their full potential due to weaknesses in their 
design and management. Edgar et al. (2014) showed the 
five factors leading to the success of MPAs (measured here 
through the values of 8 community metrics of biomass 
and species diversity) are that they must be: 1) No-Take 2) 
Large (>100km2) 3) Isolated 4) Well Enforced 5) Old (>10 
years). Here, it was hypothesized that the roles these features 
play in the success of MPAs may be different for MPAs 
in developing countries compared to the broader popula-
tion. A linear regression analysis was performed using the 
data collected by Edgar et. al. (2014) from 87 MPAs on 8 
measured community metrics (1. species richness overall 2. 
species richness of large fishes 3. biomass overall 4. biomass 
of large fishes 5. shark biomass 6. grouper biomass 7. jack 
biomass 8. damselfish biomass) and the presence of each 
of the five features to determine if there is a difference in 
the significance of each MPA feature in developed versus 
developing MPAs. The results of this study indicate that size 
matters to the success of MPAs in developing countries, in 

that large MPAs are shown to have a negative relation to both 
species richness and biomass. To expand on this finding, this 
study further shows that enforcement was the most lacking 
feature in developing MPAs and that in large, developing 
MPAs there is a negative relationship with the presence of 
enforcement. These findings may be used to allow manage-
ment in developing nations to more efficiently invest in MPA 
implementation and to address the shortcomings of current 
protected areas. 

Transient Separation-Like Airflow over Wind Waves 
and Its Impact on Air-sea Momentum Flux 
Chengzhao (Richard) Zhang, Mathematics, Physics 
Sponsor: Professor Tetsu Hara, Oceanography, University 
of Rhode Island 

Accurate predictions of momentum exchanges between 
ocean and atmosphere are essential to understanding various 
air-sea coupled processes. It is usually assumed that when 
airflow separates at the wave crest, it enhances the form 
drag (pressure force on the wave) and increases the air-sea 
momentum flux and the drag coefficient. It is also assumed 
that airflow can separate only when waves below are break-
ing. However, recent laboratory observations suggest that 
separation like airflow patterns are ubiquitous and may occur 
over steep but non-breaking waves. This study investigates 
the airflow over a finite amplitude non-breaking wave train 
using a three-dimensional large eddy simulation. First, 
instantaneous velocity, vorticity and pressure fields were 
examined. The airflow sometimes exhibited separation 
like flow patterns, identified with thin high vorticity layers 
detached from the surface and separation bubbles below. 
At other times the airflow remained attached to the surface. 
The pressure acting on the windward slope of the wave 
varied significantly depending on the flow pattern. Next, 
conditional phase averaging of the airflow was performed 
depending on the pressure force (pressure multiplied by the 
wave slope) acting on each wave. It was found that smaller 
pressure force is associated with separated airflow, while 
larger pressure force is associated with attached airflow. 
When incoming wind speed above the wave crest is faster, 
the flow remains attached, whereas slower incoming wind 
tends to enhance detachment of the airflow. These obser-
vations question some of the traditional assumptions of 
airflow separations and their impact on air-sea momentum 
flux, which is critically important for long term climate 
modeling and short term weather forecast including hur-
ricane predictions.
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Characterization of Endometrial Cancer Stem Cell 
Niche and Radioresistance of Endometroid Adeno-
carcinoma  
Mike Zhang, Computer Science 
Talal Syed, Anthropology, The City College of New York
Sponsor: Professor Christopher Lange, Radiation Oncol-
ogy and Cell Biology, SUNY Downstate Medical Center

Cancer Stem Cells (CSC) is responsible for the main-
tenance and growth of the tumor, making them excellent 
targets for cancer treatment. This new knowledge has 
necessitated the development of a model of the CSC 
microenvironment or niche. The study of the niche may 
help identify new treatment targets for various cancers 
and provide insight into tumorigenesis. To recreate an in 
vivo like niche, the Hybrid Spheroid Assay (HSA) was 
used, which is a 3D feeder based culture that does not 
utilize any stem cell specific growth factors to induce or 
maintain stemness. This study used the HSA to recreate the 
CSC niche of endometroid adenocarcinoma using tumor 
samples from patients. Immunocytochemical analysis 
was used to visualize the CSC architecture before and 
after radiation treatment. It was found that endometrial 
CSCs are of mesenchymal origin, contrary to the previous 
notion that they are of epithelial origin. This fact alone 
makes endometrial CSCs resistant to radiation and also 
calls into question whether this cancer has been wrongly 
classified. The HSA yields good potential for personalized 
medicine as each patient’s CSCs can be cultured and tested 
for chemotherapy or radiation sensitivity, thereby reducing 
side effects and improving quality of life for the patient.  

Molecular Electronics: Polyaniline Nanowires in a 3D 
DNA Scaffold 
Rebecca Zhuo, Economics
Sponsor: Professor Nadrian Seeman, Chemistry 

Branched DNA motifs have been used to self-
assemble two- and three-dimensional lattices. One such 
motif, the tensegrity triangle, has been used to create a 
self-assembled 3D lattice. The tensegrity triangle is a rigid 
motif with three helices that are connected pairwise by 
three four-arm junctions; their helix axes span 3-space. A 
similar self-assembled crystal was also constructed with 
two different three-fold symmetric triangle molecules (A 
and B) per asymmetric unit. In this study, we designed 
an asymmetric two-triangle system in which the A and B 
triangles were fused. Formation of the motif was analyzed 
by non-denaturing polyacrylamide gel electrophoresis. The 
hanging drop vapor diffusion method of crystallization 
yielded crystals of 100 µm in size that diffracted to 7.0 
Å resolution at beam line ID-19 at the Advanced Photon 
Source (Argonne National Lab). These crystals can be 
used as scaffolds for the precise organization of functional 
molecules. For example, we are working to arrange a 

polyaniline octamer in the 3D lattice by attaching its ends 
to DNA strands that are complementary to DNA segments 
attached to the central strands of the A and B triangles. We 
expect the incorporation of highly conductive polymers 
in a 3D lattice will aid in the development of molecular 
electronics. 

Short Term Clinical Outcomes for Locally Recurrent 
Breast Cancer Patients Treated with a Second Breast 
Conserving Treatment Including Intraoperative 
Radiotherapy
Rebecca Zhuo, Economics
Sponsor: Professor John Ng, Weill Cornell Medical 
College 

A standard treatment option for early stage breast can-
cer patients is breast-conserving surgery (BCS), followed 
by whole breast radiotherapy (WBRT). For breast cancer 
patients who develop a local recurrence after receiving 
BCS with WBRT, a standard of care treatment is mastec-
tomy. However, patients who undergo mastectomy report 
a significantly lower quality of life than patients who opt 
for breast conservation. Recent reports indicate that locally 
recurrent breast cancer patients treated with a second BCS 
of lumpectomy with intraoperative radiotherapy (IORT) 
have good toxicity and clinical outcomes. We report 
patient and tumor characteristics and clinical outcomes 
for 26 locally recurrent breast cancer patients treated with 
a second breast conserving treatment with IORT at NYP/
Weill Cornell Medical Center. The median follow up time 
was 6.5 months (range: 0.0–23.0 months), and no patients 
have developed a second local recurrence. There were no 
significant toxicities and cosmetic outcomes were excel-
lent. Our study indicates that a repeat lumpectomy with 
intraoperative radiotherapy appears to be an effective, 
well-tolerated treatment option. Longer follow up will be 
necessary to study the efficacy of a second BCS with IORT.




