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Investigating the Role of SMPD4 in Anterograde Sorting of Pseudorabies Virus in Neurons 

Sidra Ahmad, Shree Nikhila Tanneti, Lynn Enquist 

Pseudorabies virus (PRV) is an alphaherpesvirus of swine characterized by encephalomyelitis and 
inflammation of the respiratory tract causing severe epidemic outbreaks and economic losses. Efforts to 
eradicate PRV have elucidated the molecular mechanisms of herpesvirus pathogenesis and neuronal 
invasion, making PRV a powerful tool in exploring the neuroanatomical pathways of the brain, via its 
characteristic bidirectional and transneuronal spread. However, there is minimal literature on anterograde 
spread, stalling the development of treatment and prevention for this virus. PRV relies on Us9 for anterograde 
spread of newly replicated particles and sorting into lipid rafts. Many studies suggest that sphingolipids, 
significant lipid raft constituents, and sphingomyelinases are necessary for viral intracellular transport. I 
propose an examination of a host protein, SMPD4, a neutral sphingomyelinase involved in ceramide 
production and biogenesis of exosomes, and its interactions with Us9. SMPD4 was the second most enriched 
host protein associated with Us9 in an immunoprecipitation and mass-spectrometry experiment. These 
findings lead us to hypothesize that SMPD4 functions in PRV infection by interacting with Us9 in lipid rafts, 
and therefore is involved in anterograde movement. My work will explore relationships between these 
components through a series of western blots and immunofluorescence experiments, and contribute to 
knowledge of alphaherpesvirus pathogenesis, mammalian neuronal function, and veterinary medicine.  
 

This research was made possible by the generous support of the MolBio Summer Senior Thesis Fund. 

 

 

 

 

 

 

 

 

 

Exploring metabolism of non-canonical yeast species to support bioengineering    

Heide Baron, Arjuna Subramanian, Martin Wuhr 

The exploitation of microbes as factories for bioproduct synthesis is commonly used in everyday life as well 

as in many research and development fields, including biomedical engineering, food and nutrition, and 

biofuels. This work seeks to determine quantitative properties of fundamental metabolic processes of novel 

yeasts for support of metabolic engineering decisions. Specifically, proteomics and transcriptomics data from 

three yeasts species of interest—S. cerevisiae, I. orientalis, and R. toruloides—will be compared to identify 

key mechanisms behind desirable phenotypes. This work will integrate proteomics data more effectively than 

previous works and address the knowledge gap in the metabolism of non-model yeast species. 

This research was made possible by the generous support of the Chemistry Department and the Princeton 

Environmental Institute.  
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Optimizing Deep Learning Models of Non-coding Regulatory Activity 

Ziv Batscha, Evan Cofer, Olga Troyanskaya 

While the protein-coding genome is directly translated into amino acid sequences, the regulatory “code” of 
the non-coding genome is unknown. Our ability to interpret sequences and mutations in these non-coding 
regions - which occupy over 90% of the human genome - relies on predictive models mapping genomic 
sequences to regulatory activity. At present, sequence-based deep learning models achieve state-of-the-art 
(SoTA) performance at this task. However, these models are complex, and their design and improvement 
requires extensive experience and manual experimentation. This reliance on expert input may limit progress 
in this field. Automated model selection methods promise to sidestep this process altogether, yet most models 
for genomics are still designed manually. Using a tree-structured Parzen estimator to optimize 
hyperparameters, we applied this paradigm to predictive models of regulatory activity. In terms of cross-
entropy loss and area under the receiver operating characteristic, resultant models did not outperform existing 
SoTA architectures, but ensembles of generated models were competitive. Thus, we are optimistic that future 
developments in automated model selection will bridge this gap. 

 
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
 

 

 

 

 

Structural Studies of the Microtubule Nucleation Effector TPX2. 

Natalia Brokate, Mohammad Safari, Sabine Petry 

Mitosis is at the center of the growth and proliferation of living organisms. During mitosis, a highly dynamic 
network of microtubules comes together to form the mitotic spindle, which drives chromosome segregation. 
Targeting Protein for Xklp2, or TPX2, contributes to the formation of the mitotic spindle by promoting the 
formation of new microtubules from preexisting microtubules, a process known as branching microtubule 
nucleation. Understanding the role and regulation of TPX2 during mitosis can guide our treatment of diseases 
that involve aberrant mitotic behavior. I aim to structurally characterize the interaction between TPX2 and its 
primary regulator, Importin-ɑ. Previously, Importin-ɑ was thought to bind to TPX2 via two nuclear localization 
signals, or NLSs, spanning amino acid residues 280-330 on the N-terminal region of TPX2. However, recent 
findings from our lab reveal that there is a third NLS spanning amino acid residues 120-130 on TPX2 that 
exhibits strong binding to Importin-ɑ. I have designed four constructs of TPX2 containing different 
combinations of these NLSs: TPX2-NLS3, TPX2-NLS12, TPX2-NLS31, and TPX2-NLS312. I will confirm the 
interaction between each TPX2 construct and Importin-ɑ through pull-down assays, followed by a purification 
of the TPX2-Importin-ɑ complex via anion exchange and size-exclusion chromatography. I will then use X-
ray crystallography to establish the atomic structure of the TPX2-Importin-ɑ complex. The complexes formed 
by each TPX2 construct and Importin-ɑ will provide novel insight into the organization of the highly disordered 
N-terminal region of TPX2, as well as indicate the structural mechanism by which TPX2 undergoes regulation 
in the cell.  
 
This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 
Endowed Senior Thesis Fund. 
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Control of Erk dynamics in patterned cell sheets by cell-cell interactions 

Qinhao Cao, Payam E. Farahani, Jared E. Toettcher 

Spatial patterns of cellular growth generate mechanical stresses that help to push and deform tissues into 
their specific forms. Conversely, mechanical stresses are also thought to influence cell growth signaling, 
establishing feedback between growth, cell-cell contacts, and mechanical forces. Yet how mechanical forces 
and cell geometry shape downstream responses such as growth and proliferation is still poorly defined. Here, 
we set out to test if one major growth factor response - Erk signaling - is regulated by cell-cell contacts and 
mechanical forces. We used microfabrication to produce defined tissue geometries. Using this platform, 
previous studies on the resulting tissues have suggested cells around the edge of the tissue bear higher 
mechanical forces than interior cells and also proliferation rate is relatively higher in this same population of 
cells. By monitoring Erk signaling dynamics in the patterned tissues using live-cell microscopy, we found that 
regions of cell proliferation correlated with increased Erk dynamics: higher frequency of pulses and faster 
responses to EGF stimulation. We further hypothesized that spatial Erk dynamic pattern results from EGFR 
being sequestered at adherens junctions, leading to inhibition of EGF signaling for interior cells. Indeed, EGFR 
is seen to localize at these adherens junctions where cells make contacts. Furthermore, E-cadherin dominant 
negative cell line exhibited no obvious spatial pattern of EGFR activation and downstream Erk activity. In 
order to control the cell-cell adhesion with high temporal and spatial resolution, we are working on using 
optogenetic tools to engineer a light-switchable E-cadherin with tunable functions for cytoskeleton recruitment 
and downstream signaling, further elucidating the role of E-cadherin regulating Erk dynamics. Overall, our 
findings demonstrate that tissue-scale mechanical forces result in spatially-controlled patterns of Erk 
dynamics and can be interpreted to proliferation decisions. 
 
This research was made possible by the generous support of the Department of Molecular Biology. 
 

 

Towards Absolute Protein Quantification in Shotgun Proteomics 
 

Donovan Cassidy-Nolan, Arjuna Subramanian, Meera Gupta, Martin Wühr 
 
Global measurements of absolute protein abundance on a genome-wide scale can help us answer 
fundamental questions in both biology and medicine. Mass spectrometry-based proteomics is an effective 
and widely-used tool for determining protein content in biological samples. Unfortunately, absolute protein 
quantification remains very challenging: different peptides ionize with drastically different efficiencies. 
Therefore, a peptide’s signal inside the mass spectrometer is weakly linked to its protein abundance in the 
biological sample. Current methods estimate protein abundances with a ~ 2-fold median error. Our goal is to 
develop new methods for absolute protein quantification with high measurement precision. First, we aim to 
account for the differing ionization efficiencies of peptides. To this end, we will construct a peptide “flyability 
model” based on peptide physicochemical properties. Second, we will develop a model that captures the 
dependence between protein abundance and the distribution of observed peptide signals in the mass-
spectrometer. Once we have constructed such a model, we can use standard Bayesian approaches to better 
infer the most likely protein abundance with underlying confidence for a given peptide signal distribution. Our 
intermediate-term goal is to fuse both models into one unifying framework that improves measurement 
precision for absolute protein quantification. Preliminary results suggest that peptide length and C18 retention 
time can be used to predict peptide flyability. We will explore many additional features and develop methods 
integrate this multivariate information. Furthermore, our preliminary results indicate that the maximum ion-flux 
and total ion-flux of a peptide contains orthogonally useful information for protein abundance. We have begun 
developing preliminary models for the data-generation process inside the mass spectrometer, which 
considers the distribution of peptide abundance and the mass spectrometer’s limited ability to detect a peptide 
at all. We expect to soon be able to invert this process for inference of protein abundances. 
 
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
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Identifying Resonant Frequencies for Driving the TAG Lens 

 
Milena Chakraverti-Wuerthwein, Xiaohan Du, and Craig B. Arnold 

  
Biology involves complex dynamical systems with changes occurring on multiple different timescales, many 
of which are incredibly short. One novel microscopy technique produced to enable more complete 
observations of these dynamics is the Tunable Acoustic Gradient Index of Refraction (TAG) lens, an optical 
device developed in the Arnold Lab at Princeton. The TAG lens enables scanning rates of kHz to MHz and 
has been used for advancing high-speed imaging in biological engineering and neuroscience applications. 
These lenses achieve high-speed scanning by vibrating to induce acoustic pressure fields in the cavity, 
thereby causing rapid changes in the refractive index. Our understanding of the connection between resonant 
mechanical vibrations of the lens and the associated patterns of acoustic pressure fields within the fluid, 
however, remains limited. My project uses experimental diagnostics and simulations to investigate the 
resonant frequencies of the system and isolate those which optimize optical performance. We experimentally 
identified resonant frequencies through conducting a frequency sweep and locating low-impedance points 
from the electrical signal as we adjust the liquid inside of the cavity and applied mechanical loads. We then 
studied a simplified version of the system through simulation and found that for a resonant frequency to induce 
the proper acoustic pressure field, vibrations need to be roughly uniform in the radial direction with a near-
negligible z-component contribution. Fully understanding the relationship between mechanical vibrations and 
acoustic pressure field patterns will improve product design and increase the range of scanning speeds. 
  
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
 
 
 
 

Characterizing the role of DNA ligase I in hepatitis B virus cccDNA formation  
Leslie Chan, Lei Wei, Alexander Ploss 

 
With 257 million people chronically infected with hepatitis B virus (HBV) worldwide and approximately 
887,000 people dying each year from HBV-related liver diseases and liver cancer, chronic HBV infection is 
a major global public health threat to contend with and has no cure.  The persistence of HBV is due to the 
refractory nature of the viral replication intermediate termed covalently closed circular DNA (cccDNA).  
While previous studies have identified cccDNA elimination as the key to curing HBV infection, the complete 
set of host factors and the mechanism for cccDNA formation and maintenance remain unknown.  Prior 
efforts in our lab have established the critical role of several host factor for cccDNA formation via 
biochemical assays. This present study aims to determine whether DNA ligase I (LIGI), one of the identified 
host factors, is critical for cccDNA formation and maintenance in an infectious HBV cell culture system.  As 
an essential host factor, LIGI cannot be permanently depleted in host cells.  Thus, to study the role of LIGI, 
our experiments have demonstrated that the degron system, adapted from the plant hormone-induced 
degradation system, can be successfully employed to conditionally degrade LIGI.  We show that auxin 
treatment of the LIG1 degron cell lines resulted in decreased LIGI levels; however, HBsAg and cccDNA 
levels were not reduced, possibly due to residual LIG1 sufficient for cccDNA formation. We are attempting 
to knockout endogenous LIGI with CRISPR and examine its effect on cccDNA formation.  Successful 
elimination of cccDNA will demonstrate that LIGI is a host factor essential for cccDNA formation, expanding 
current understanding of the mechanism of cccDNA formation and providing the basis for novel therapeutic 
strategies targeting LIGI. 
 
This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 
Endowed Senior Thesis Fund and the Class of 1955 Senior Thesis Fund. 
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The Effect of Ribosome Concentration on RNase L Activity In Vitro 

Jessie Chappel¸ Eliza Prangley, Alexei Korennykh 

RNase L is an endoribonuclease activated by the small molecule 2-5A, which is synthesized in response to 

the detection of viral or endogenous dsRNA. Following activation, the cell experiences a global loss in 

translation accompanied by the upregulation of interferons via a mechanism not yet fully elucidated. Previous 

data demonstrating that RNase L cleaves rRNA, as well as new preliminary data suggesting that RNase L 

and ribosomes form complexes, calls into question the role ribosomes may have in mediating RNase L 

activity. To test this idea, we conducted in vitro assays to determine the rate of cleavage produced by the 

enzyme under varying concentrations of ribosomes. Thus far, data suggests that ribosomes have an inhibitory 

effect on RNase L activity at higher concentrations.  

This research was made possible by the generous support of the Graduate School at Princeton University. 

 

 

 

 

 

 

Naturalistic Behavior in Implanted Mice 

Tiffany Chen, Marlies Oostland, Mikhail Kislin, Samuel S.H. Wang 

Autism spectrum disorder (ASD) is a developmental disability with a wide range of symptoms, typically 

encompassing difficulties with socialization, communication, accommodation to change, and motor skills. The 

cerebellum is an important region in the development of ASD, with cerebellar injury around birth increasing 

the risk of ASD by thirty-six fold. It is responsible for regulating motor functions as well as cognitive functions, 

for instance playing a role in the prediction of touch. Additionally, people with ASD also have different 

sensitivities and aversions to touch stimuli. To further understand the role of the cerebellum in ASD, this study 

aims to investigate the neuronal and behavioral responses to implantation, social stimuli, and touch stimuli in 

the cerebellum. Specifically, in vivo electrophysiological recordings from the deep cerebellar nuclei or Crus 

I/II of the cerebellum will be performed. Up to now, we have studied animals displaying naturalistic behavior 

in an open field. We first investigated the different behavioral responses between implanted and nonimplanted 

wildtype mice. Current results show that implanted mice rest more and navigate the open field with a slower 

velocity. We then compared behavioral responses between nonimplanted wildtype and Tsc1 mice. Here we 

found that the Tsc1 mice have a faster velocity and spend less time grooming. In the future, we aim to correlate 

the neuronal activity of these mice during their naturalistic behaviors on the open field. We will then 

characterize the neuronal activity in the cerebellum in response to different (active, passive, and social) touch 

stimuli in the wildtype and Tsc1 mice. We hypothesize that the Tsc1 mice will display a higher sensitivity and 

aversion to touch stimuli, resulting in stronger neuronal activity. Completion of this study will bring further 

understanding of the cerebellar responses to stimuli and contribute more knowledge to the field of autism 

spectrum disorder. 

This research was made possible by the generous support of the Lane '73 Senior Thesis Fund. 
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A Search for the Regulators of Reproductive Aging in Caenorhabditis elegans 

Josue Chirinos, Jiahao Jiang, William Keyes, Nicole M. Templeman, Coleen T. Murphy 

One of the earliest human aging phenotypes is the decline in female reproductive capacity. This reproductive 
senescence begins long before the onset of menopause and is therefore thought to be the result of declining 
oocyte quality rather than quantity. The nematode worm, Caenorhabditis elegans, has been established as a 
model to study human reproductive aging, and the genetic pathways that regulate oocyte quality in this 

model—which include insulin/IGF-1 signaling (IIS), dietary restriction (DR), and TGF- Sma/Mab signaling—
are evolutionarily conserved. However, much is still unknown about these pathways, and the Murphy lab 
hypothesizes that undiscovered reproductive aging regulators and pathways exist. Here, we use C. elegans 
to investigate these questions. To better understand the role of the DR pathway in reproductive aging, we 
developed a double-transgenic line of worms that will enable us to study the effects of DR target genes on 
oocyte quality. Additionally, to identify novel reproductive aging regulators and pathways, we have 
characterized mutant worm lines produced from a previous forward genetic screen carried out in the Murphy 
lab. Four of these mutant lines exhibit extended reproductive spans, and the Murphy lab previously found one 
of these lines to be lin-15b mutants. Using inverse PCR and Sanger sequencing, we found that one of the 
other lines had a mutation in an intergenic region upstream of crb-1, another had a mutation in an 
uncharacterized intergenic region, and the third had an unknown mutation. In the future, we will characterize 
the transcriptome of our double-transgenic line of worms and determine the mechanisms through which 
differentially-expressed DR target genes affect reproductive span. We will also study the mechanisms by 
which lin-15b and crb-1 regulate reproductive aging and scale up our current forward genetic screen to identify 
other regulators. Our findings will reveal new mechanisms that regulate reproductive aging and lay the 
groundwork for the discovery of new pharmacological interventions for maternal age-related reproductive 
decline. 
 
This research was made possible by the generous support of the Genentech Foundation and Rupert and 
Loretta Jones Molecular Biology Senior Thesis Fund. 

 

Rational Design of Deadenylase Activity in the Circadian NADP(H) Phosphatase Nocturnin 

Joshua Choi, Michael Estrella, Jin Du, Alexei Korennykh 

The circadian clock, a 24-hour internal timing mechanism that controls fundamental processes regulating 
animal physiology and behavior, oscillates the expression of many genes. One such gene is Nocturnin, 
which displays high-amplitude rhythmic expression and regulates metabolism under control of the circadian 
clock. It has been proposed that Nocturnin (NOCT) deadenylates metabolic mRNAs due to its structural 
similarity and ~50% sequence homology with mRNA deadenylases CNOT6L and PDE12. Furthermore, all 
key catalytic residues present in the two deadenylases are also conserved in NOCT. However, our lab 
discovered that NOCT is a mitochondrial phosphatase that converts NADP(H) to NAD(H). To better 
understand the substrate specificity of NOCT, we investigated NOCT residues that diverge from CNOT6L 
and PDE12 structure by using structure-guided mutagenesis of the protein accompanied by testing with 
biochemical RNA-cleavage assays. We hypothesized that NOCT active site residues flanking the catalytic 
site are responsible for the preference for NADP(H). We also hypothesized that mutating certain NOCT 
active site residues to aromatic residues would stabilize a potential RNA substrate through aromatic 
stacking and therefore would be sufficient to induce deadenylase activity. However, we found that adding 
aromatic residues to the active site did not unlock the RNA-cleavage activity of NOCT, suggesting that there 
are additional residues responsible for NOCT substrate preference. Future studies will examine more active 
site differences between NOCT and CNOT6L/PDE12 by mutating other residues and adding 
CNOT6L/PDE12 sequences to NOCT to increase sequence and structure homology.       

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 
Endowed Senior Thesis Fund. 
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Copy Number Inference In Tumors Using Hidden Markov Models 

Kaitlin A Clark, Gryte Satas, Ben Raphael 

From cancer research, we know cancer deals with variations in a person’s genes and their genome as a 

whole that drives the proliferation of cancer cells into malignant tumors. Identifying and studying the evolution 

of a tumor and acquired variants helps us identify those driver mutations in tumor development, which can 

influence a patient’s prognosis and treatment. Single nucleotide variants (SNVs) and copy number 

aberrations (CNAs) are among the more familiar types of driver mutations. Typically, our cell’s carry two 

copies of each chromosome at any given point in time; Any amplifications or deletions of a large region of a 

chromosome is generally considered a CNA. My project concerns the inference of a tumor cell’s copy number 

using read-depth ratio measurements. This inference will be done using a Hidden Markov Model (HMM), a 

probabilistic model with hidden, unobservable states (i.e. copy-number) and emitted, observable symbols (i.e. 

read-depth).  

This research was made possible by the generous support of the Graduate School at Princeton University. 

 

 

 

 

 

Characterization of an Usutu virus infectious cDNA clone and its putative viral protease 

Celeste Claudio, Robbie LeDesma, Brigitte Heller, Qiang Ding, Alexander Ploss 

Frequently transmitted by arthropods, flaviviruses lead to human morbidity and mortality worldwide. Well-

studied members of the Flaviviridae family include West Nile virus, yellow fever virus, and Zika virus; however, 

others such as Usutu virus (USUV), which may pose a significant threat to global health are heavily 

understudied. Little is known about mechanisms of USUV replication, spread, and infection. Infectious 

complementary DNA (cDNA) clones are powerful tools for the study of RNA viruses. Therefore, the aim of 

this study is to expand current knowledge of the USUV life cycle using an infectious clone. An USUV cDNA 

clone previously created in the Ploss lab will be tested through measurement of its replicative ability, 

infectivity, and stability in comparison to prototypic USUV. Preliminary data suggest our infectious clone 

produces viral RNA and virus particles, however, these experiments require further refinement to determine 

its replication kinetics. Development of an infectious clone will facilitate interrogation of the USUV genome, 

and may lead to identification of factors crucial to pathogenesis. Among these factors may be the putative 

USUV serine protease; other flaviviral proteases cleave the viral polyprotein and antagonize host innate 

immune signaling pathways to establish infection. We will investigate whether the USUV protease utilizes 

similar mechanisms to establish infection across different vertebrates. If so, the USUV protease may serve 

as an important target in future drug development. 

 

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 

Endowed Senior Thesis Fund. 
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Post-transcriptional Gene Regulation in Drosophila: Identifying Novel Protein Components of Germ 

Granules 

Sarah Coffey, Anna Hakes, and Elizabeth R. Gavis; Princeton University. 

During embryonic development, germ cells remain in a less-differentiated state to maintain their ability to give rise to all 

cell types. RNAs that are necessary for preserving germ cell totipotency and for later germ cell development and viability 

are incorporated into ribonucleoprotein (RNP) granules known as germ granules early in development. Germ granules 

consist of a protein scaffold to which RNAs bind, and these RNAs are organized into clusters with many copies of the 

same transcript. Some protein components of germ granules in Drosophila melanogaster have been identified, including 

Oskar, the main organizer protein. However, the observed structure of germ granules suggests they contain additional 

unknown proteins. To identify these proteins, we are using BioID, a proximity-dependent labeling method. A fusion of a 

functional Oskar-EGFP protein to the promiscuous biotin ligase, BirA*, will be expressed in Drosophila germ cells to tag 

germ granule proteins with biotin in a proximity-dependent manner. Oskar-EGFP-BirA* and a control EGFP-BirA* fusion 

protein must be expressed at comparable levels in germ cells to distinguish Oskar-EGFP-BirA*’s biotinylation of 

neighboring proteins from random biotinylation. EGFP-BirA* tends to be expressed more strongly than Oskar-EGFP-

BirA* under the same GAL4 driver, so we sought to identify a combination of GAL4 drivers that would produce 

comparable expression. Here we show that the maternal-tubulinV37 GAL4 driver produces the strongest expression of 

Oskar-EGFP-BirA* protein in germ cells. This Oskar-EGFP-BirA* expression is most comparable to that of EGFP-BirA* 

under the nos-GAL4:VP16-nos3’UTR GAL4 driver. We will therefore use this optimal combination of GAL4 drivers for 

proximity-dependent biotinylation experiments to uncover novel germ granule proteins. As several known germ granule 

proteins are conserved from Drosophila to humans, this work may shed light on the organization and function of RNP 

granules in germ cells throughout the animal kingdom. 

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 Endowed Senior 

Thesis Fund. 

 

 

Towards Quantifying Importin-Substrate Affinities with Multiplexed Proteomics 

Eli Costa, Thao Nguyen, Martin Wühr 

The proteomic partitioning between the nucleus and cytoplasm is essential for nearly every aspect of eukaryotic cell 

biology, ranging from the events in early development to cellular responses toward stresses and stimuli. Thanks to recent 

advances in mass spectrometry-based proteomics, we can now measure how a cell distributes proteins between these 

two compartments. However, the underlying mechanism leading to this partitioning is still poorly understood. Two general 

(non-exclusive) models that explain how proteins localize into the nucleus are by passive diffusion coupled with DNA 

retention and active transport using nuclear transport receptors such as importins. Classically, importin will recognize 

substrates that carry a nuclear localization signal (NLS) and transport them into the nucleus. Our past analysis of the 

nuclear proteome in Xenopus oocytes reveals that less than 60% of nuclear proteins are predicted to carry an NLS. 

Furthermore, we observe that all the NLS predicted proteins are equally likely to be present in the nucleus or cytoplasm. 

This suggests that we are missing fundamental aspects on how interactions between NLS proteins and importins 

influence its protein’s subcellular localization. To elucidate the relationship between bioinformatically predicted NLS 

proteins and their subcellular localization, we have begun to develop a mass spectrometry-based assay to identify and 

quantify the relative affinities of substrates to importin. Rank ordered affinities for all the substrates will be used to explain 

how the proteome partitioning between the nucleus and cytoplasm is achieved in an oocyte. We expect that our database 

of protein affinities in the network with importin will be a useful resource for future studies in how a cell regulates nuclear 

content in various conditions.  

This work was made possible by the generous support of the Lewis-Sigler Institute for Integrative Genomics. 
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Synthesis of DNA-labelled Silver Nanoparticles and purification via DNA-based Affinity 

Chromatography 

Fernando del Castillo, Nyssa Emerson, Haw Yang 

Metallic Nanoparticles (NP’s) labeled with a discrete number of DNA oligonucleotides have been utilized in 

nanotechnology as a building block for the formation of complex “synthetic molecules.” With DNA-labelled 

NPs, “synthetic molecules” become readily synthesizable due to the self-assembly properties of DNA. Most 

experiments, however, have focused on gold nanoparticles (AuNPs), due to the facility attaching DNA 

strands to the NP. Silver NPs (AgNPs), in contrast to AuNPs, have been left relatively unexplored due to the 

relative difficulty of binding DNA to AgNPs since Ag oxidizes more easily than Au, as well as the tendency 

of AgNPs to aggregate. Ag oxidizes more readily than Au, accounting for the weaker bond between the NP 

and DNA. Additionally, aggregation of AgNPs is promoted by high salt concentrations, such as those 

required for the formation of DNA-NP conjugates. Here we show a method for synthesis and subsequent 

purification of individual valency DNA-labeled AgNPs through DNA-based Affinity Chromatography. We 

show that purifying monovalent AgNPs of 40nm in size is feasible, whereas previously, valency was not 

controlled. In addition, we demonstrate the possibility of forming dimer structures by DNA self-assembly 

with a complementary template DNA strand. With discrete valency AgNPs, the possibility of controlling the 

organization of NPs becomes available, allowing for the synthesis of complex, controlled “synthetic 

molecules,” including plasmonically active molecules such as optical antennas, which enhance the 

fluorescent emission of nearby molecules. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 

 

 

 

Elucidating the Role of Mettl14 in Breast Tumor Initiating Cells 

Sofia Dimitriadoy, Nicole M. Aiello, Yibin Kang 

 
The N6-methyladenosine (m6A) modification is the most prevalent internal modification in eukaryotic 
messenger RNAs (mRNAs) and has been shown to regulate mRNA splicing, stability, and translation. Several 
studies have shown Mettl14, a component of the m6A methyltransferase complex, may promote or inhibit 
stemness in normal stem cells and in tumor initiating cells (TICs), depending on the tissue and cancer 
subtype. To investigate the role of Mettl14 in breast tumorigenesis, I have depleted and overexpressed 
Mettl14 in breast cancer cells and used in vitro assays to assess stemness and chemosensitivity in TICs. 
Preliminary patient clinical analysis reveals low Mettl14 expression correlates with poor recurrence-free 
survival in all breast cancer subtypes. Additionally, Mettl14 is downregulated in mammary stem cells (MaSCs), 
suggesting Mettl14 inhibits stemness in MaSCs and TICs and may serve as a tumor suppressor in breast 
cancer. Indeed, when Mettl14 is overexpressed, breast cancer cells exhibit reduced self-renewal ability and 
become sensitized to chemotherapeutics, while when knocked out, breast cancer cells become resistant to 
chemotherapeutics. Because Mettl14 is poorly understood in the context of breast cancer, elucidating its role 
serves as an important step in further understanding breast TICs and the clinical data. 
 

This research was made possible by the generous support of the Hickok Molecular Biology Senior Thesis 

Fund. 

Type VI secretion regulation of colony diversification and quorum sensing 
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Wenjuan Du, Ameya A. Mashruwala, Bonnie L. Bassler 

Quorum sensing (QS) is a cell-cell communication process that allows bacterial populations to synchronize 

their gene expression patterns. QS regulates expression of the type VI secretion system (T6SS), an apparatus 

that enables intercellular dueling promoting survival in the presence of competing bacterial species. T6SS is 

activated at high cell densities by the QS master regulator HapR, while it is repressed at low cell densities by 

LuxO. I present data showing that colonies of a V. cholerae isolate, with a constitutively active T6SS, 

spontaneously diversify into three sub-populations, of which two sub-populations are deficient in QS. The QS 

deficient sub-populations arise due to mutations in luxO (A97E) and hapR (R123P). Intriguingly, the luxO 

A97E and hapR R123P variants do not display colony sectoring. These data suggest a model where T6SS 

activation provides negative feedback to revert the system to a QS-inactive state, and this behavior may 

confer a competitive advantage to the new variant strains. Moreover, the luxO A97E variant is able to coexist 

with the T6SS active parent strain despite having decreased T6SS activity. Thus, I further propose that the 

luxO A97E variant has a defense mechanism against T6SS. 

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 

Endowed Senior Thesis Fund. 

 

 

 

 

A Comparative Analysis of Farming Tactics on Corn Production Using Novel Longitudinal Remote 

Sensing Techniques 

Joshua Eastman, Gina Talt, Abigail Baskind, Katie Barnett, Willemijn Ten Cate, Daniel Rubenstein 

Farming methods that optimize plant health and growth while minimizing harmful environmental impact are 
essential to feeding a growing world population with increasingly limited agricultural space. This study 
experimentally investigates the effects of three different farming tactics—soil nutrient amendment, weed 
control, and deer mitigation—on corn growth; we also present a unique approach to UAV remote sensing and 
multispectral GeoTIFF analysis for longitudinal studies. All combinations of the three farming tactics, each 
with two variations, were applied to eight cross-sections of an approximately 3.9 acre Princeton University 
cornfield (Zea mays). Multispectral (RGB and NIR) imagery, insect data, deer counts, soil nutrient samples, 
and atmospheric data were gathered regularly over the course of six weeks for each of the eight sections of 
cornfield. GeoTIFF mosaics containing Normalized Difference Vegetation Index (NDVI) data were produced 
using Sentera FieldAgent software for each UAV flight. These were subsequently cropped and analyzed using 
an open-source GIS software (QGIS) and multiple GIS and scientific Python libraries (rasterio, geopandas, 
numpy) to create high-resolution, treatment-specific models for plant growth over time. Robust linear 
regression and differential comparisons between treatment groups indicate that electric fencing has a 
statistically significant positive correlation with plant health compared to no fencing (coef. = 0.5501, p < 0.01, 
df = 9). All other comparisons were statistically inconclusive. Our results support electric fencing for corn 
production within a single growing season, and our methods contribute to remote sensing applications across 
disciplines. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
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Examining the Role of ILK in High Glucose-Induced Fibronectin Matrix Assembly in Diabetic 

Nephropathy 

Thomas Ferrante, Maria Vega, Jean Schwarzbauer 

Increased production of extracellular matrix in the kidney glomerulus plays a critical role in the progression of 

diabetic nephropathy. The excess matrix produced by mesangial cells in the glomerulus under diabetic 

conditions hinders blood filtration, which can ultimately result in kidney failure. Growth under high glucose, 

characteristic of a diabetic state, has been found to induce increased assembly by mesangial cells of the 

extracellular matrix component fibronectin. While several key changes associated with this increase in 

fibronectin matrix assembly under high glucose have been identified, much of the mechanism has yet to be 

understood. RNA sequencing has identified ILK, a protein possessing functions relevant to fibronectin matrix 

assembly in integrin-cytoskeletal interactions and actin polymerization, as having elevated expression under 

high glucose. This study seeks to determine the significance of ILK in high glucose-induced fibronectin matrix 

assembly by mesangial cells. ILK expression and localization will first be characterized under high and low 

glucose conditions. ILK will then be knocked down using siRNA and fibronectin matrix assembly will be 

measured by immunofluorescence and levels of DOC insoluble fibronectin. A loss of the elevated fibronectin 

matrix assembly typically observed under high glucose would indicate that ILK is required for this increase in 

matrix assembly, and implicate ILK as a relevant protein in the progression of diabetic nephropathy. 

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 

Endowed Senior Thesis Fund. 

 

Biosensor-Mediated Nanobody Screening of the S. cerevisiae Proteome for Enhanced Isobutanol 

Synthesis 

Tynan Gardner, Sarah Hammer, José Avalos 

 Synthetic biology tools have enabled metabolic engineering of microbes for the production of chemicals 

and fuels such as isobutanol. Previous attempts to increase isobutanol production in yeast have focused on 

up-regulation or sub-cellular compartmentalization of genes in the biosynthetic isobutanol pathway and 

downregulation of competing pathways. Despite these efforts, production remains limited by cofactor 

imbalance, ethanol production, and product toxicity. Here, we establish a new technique to screen the yeast 

proteome by introducing camelid nanobodies that bind to yeast proteins and measuring the effects of each 

nanobody on isobutanol flux via a fluorescence-based biosensor. Camelid nanobodies are single-domain 

antibodies with a high degree of stability and binding specificity that can inhibit the enzymatic activity of the 

proteins to which they bind. Once transformed with a nanobody library, yeast cells can be sorted based on 

their levels of GFP expression. GFP expression is linked to isobutanol production via a biosensor previously 

developed in the lab. After several rounds of sorting, binding assays will be used to elucidate which 

endogenous proteins are being bound by selected nanobodies, revealing new target pathways that affect 

isobutanol synthesis. In contrast to previous engineering approaches, this work harnesses the natural 

diversity, specificity, and simplicity of camelid nanobodies to perform a high-throughput screen of the entire 

yeast proteome. We anticipate this study to both pioneer a novel technique in metabolic engineering while 

increasing production of sustainable fuels.  

 This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 

Endowed Senior Thesis Fund. 
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Localization of Candidate Proteins with Photosynthetic Function in the Green Alga Chlamydomonas 
reinhardtii 

 
Sophia Gavrilenko, Lianyong Wang, Martin Jonikas 

Life on earth depends on photosynthesis, the process by which plants convert CO2 and light into energy in 
the form of sugar. The key enzyme RuBisCO catalyzes the first step of photosynthesis, the conversion of CO2 
into a three-carbon intermediate, but its productivity is hindered by the fact that it also catalyzes a wasteful 
oxygenation reaction. Carbon concentrating mechanisms (CCMs), found in certain photosynthetic organisms 
such as the green alga Chlamydomonas reinhardtii, represent one class of evolutionary adaptations 
dedicated to grappling with this issue. CCMs work by increasing the concentration of CO2 around RuBisCO, 
thereby reducing the potential for oxygenase activity. Furnishing certain plants, such as those used in the 
agriculture and biofuel industries, with such CCMs could prove valuable in the endeavor to increase yields in 
these areas. Unfortunately, this is not yet possible as the current knowledge on genes required for 
photosynthesis is lacking. To aid in the characterization of such genes, I will attempt to determine the 
localization of approximately 160 proteins predicted to have photosynthetic function in Chlamydomonas; a 
subset of these genes will be chosen for phenotype rescue experiments. This will be accomplished by means 
of a high throughput pipeline developed by the Jonikas lab, which serves to generate fluorescently tagged 
Chlamydomonas strains on a large scale. These strains will then be examined via confocal microscopy and 
growth observations. Thus far, this work has made possible the confirmation of 12 expected localizations, as 
well as the discovery of 5 gene products with unexpected behavior in regards to algorithm predictions. These 
efforts will help to construct a better picture of the players involved in photosynthesis as well as pinpoint key 
genes worthy of further in-depth study, paving the way for the improvement of photosynthetic efficiency in 
higher plants. 
 
This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 
Endowed Senior Thesis Fund. 
 
 
 
 
 

Determining the Functions of Novel Genes Required for Photosynthesis 

Gillian Gomer, Moshe Kafri, Martin Jonikas 

 As land available for agriculture remains limited, it is becoming more necessary to explore methods 

to improve the efficiency of crop production in order to support Earth’s growing populations. Newly 

characterized photosynthetic genes could improve our understanding of the way organisms convert light 

energy into fuel, allowing improvements in plant growth and environmental resistance. Using an insertion 

mutant library of the unicellular algae, Chlamydomonas reindhartii, that covers 83% of its genome, we are 

identifying and characterizing the hundreds of genes associated with photosynthesis. Chlamydomonas can 

be grown with or without a light source, which allows us to identify mutants displaying a photosynthesis-

deficient phenotype. This work focuses on validating the hypothesized mappings of the photosynthetic genes 

within the genome to improve confidence of identification. Once identified, we amplify the gene of interest 

using colony PCR in mutant and wild-type DNA to visualize differences in the DNA segment length to validate 

the insertion location. Preliminary tests have validated the location of 77% of a large subset of 270 

photosynthetic candidate genes, while the other 23% of the subset was incorrectly mapped or required further 

testing. Once gene loci are confirmed, we can perform further experiments to characterize their specific roles 

in photosynthesis. In the future, the genes identified and characterized from these studies may be useful in 

genetically modifying higher-order plants with the intention of increasing crop yields.  

This research was made possible by the generous support of the Genentech Foundation. 
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Does Quorum Sensing Drive T-Helper Cell Effector Type Commitment? 

Alison Heilbronner, Ed Schrom, and Andrea Graham 

T-helper cells have been demonstrated to exhibit plasticity in their effector type choice (Type 1 or Type 2).  Factors 

including division history, functional phenotype (i.e. naïve, effector, ThE, and memory precursor, ThMP, T-helper 

cells) and cell culture conditions have all separately been shown to affect effector type plasticity.  Additionally, T-

helper cells have been shown to exhibit characteristics of quorum sensing, which is the ability of a cell to respond 

to varying cell densities (and signaling levels).  However, the precise interaction between CD4+ lymphocyte 

functional phenotype and traits characteristic of quorum sensing has never been investigated in the context of 

analyzing T-helper cell plasticity under different effector type biasing conditions.  We aim to investigate this 

interaction and hypothesize that plasticity of effector type will be greatest in media with the highest signaling levels, 

consistent with the Quorum Hypothesis.  Additionally, we hypothesize that ThMP will demonstrate less plasticity in 

effector type choice at all levels of cell signaling than ThE, following the model that describes ThMP as arising from 

ThE.  This evidence would not only yield further support that T-helper cells act via quorum sensing, providing 

evidence more broadly of the collective decision-making behavior of T-helper cells, but also would suggest that 

factors affecting plasticity work simultaneously, and ought to be considered thusly.  We anticipate these results 

might suggest alterations to vaccination technologies.  Disregarding individual immune systems in regions where 

vaccines may not only be most important, but also are least effective, might be imprudent due to individual 

differences in plasticity of T-helper cells based on quorum sensing and predominant functional phenotypes.  Thus, 

we might provide new motive to increase efforts of personalized medicines and vaccines that account for the 

different “immunological environments” across peoples. 

This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 

Endowed Senior Thesis Fund and the Global Health Senior Thesis Research Funding program. 

 

Investigating the self organization of planar cell polarity 

Michael Hill-Oliva, Lena Basta, Danelle Devenport 

Planar Cell Polarity (PCP), the coordinated polarization of a sheet of epithelial cells, is an important process in 

regulating developmental events such as gastrulation and neural tube formation. PCP involves the asymmetric 

cellular localization of several PCP proteins. Theoretical models have suggested mechanisms by which these 

proteins may interact to establish PCP, but these models differ in whether or not they predict that a single cell may 

obtain polarization of PCP proteins. To investigate this discrepancy, we plan to characterize, for the first time in 

mouse skin and cell culture, the temporal polarization of an endogenously tagged transmembrane PCP protein, 

Fzd6-3xGFP. Furthermore, we will use this line to observe the polarization of mouse keratinocytes isolated as 

single cells or small groups, informing us whether or not PCP-protein asymmetry is possible in a single cell. To this 

end, I have successfully implemented the micropatterning technique we will use to observe isolated groups of cells 

using a more readily available and experimentally convenient cell line expressing Celsr1-mNG, another PCP 

protein. This result indicates that this approach would be likely viable in our system of interest. Additionally, I have 

assessed the polarization of the heterozygous, endogenously tagged Fzd6 cell line in stratified cell culture to 

provide insight into the typical polarization of this system. Both these experiments provide important groundwork 

for the similar experiments that will be performed using the homozygous cell line when those animals are obtained. 

Simultaneously, I have worked towards genotyping new generations of Fzd6-3xGFP mutants to the end of 

acquiring this mouse line for my project.  

This research was made possible by the generous support of the Elkins Family Molecular Biology Senior Thesis 

Fund. 
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The Role of HIF-1α in Branching Morphogenesis in The Embryonic Avian Lung  

Moses Im, Sarah Matthew, James W. Spurlin and Celeste M. Nelson 

Branching morphogenesis is the process of epithelial cells organizing into networks of tubular structures and 
occurs during the development of many organs including the lungs. A thorough understanding of branching 
morphogenesis is key to the development of therapeutics for lung disease and advancement of our ability to 
engineer tissues. A driving force in branching morphogenesis of the chicken lung is apical constriction, the 
narrowing of the apical side of the cell caused by actomyosin contraction. Previous work has shown that 
hypoxia can halt apical constriction and ultimately inhibit branching morphogenesis in early chicken lung 
development (unpublished). However, the exact molecular mechanism that links hypoxia to the halting of 
apical constriction remains unclear. We hypothesize that the hypoxia response protein HIF-1α may link 
hypoxia and apical constriction during branching morphogenesis. To test this hypothesis, we cultured 
embryonic day 5 (E5) chicken lungs in both hypoxia and normoxia for 24 hours and then visualized the 
localization of the HIF-1α protein through immunofluorescence staining. Preliminary data revealed that HIF-
1α is expressed in both the epithelium and mesenchyme in hypoxic and normoxic E5 lungs and E6 lungs. 
Future work includes conducting qPCR to quantify how hypoxia or normoxia would affect the expression 
levels of HIF-1α mRNA and investigating how HIF-1α may be affecting the Fibroblast Growth Factor 10 
(FGF10) and Wnt signaling pathways, which are known to be key signaling pathways in lung branching 
morphogenesis.  
 
This research was made possible by the generous support of the Elkins Family Molecular Biology Senior 
Thesis Fund. 
 

 

Investigation of the Effect of Polymer Coatings on the Properties and Biodistribution of 

Nanoparticles for PET-Imaging Applications 

Shadman Jahangir, Leon Wang, Robert Prud’homme 

Positron Emission Tomography (PET) is a biomedical imaging modality that can construct highly detailed 

images of target regions by detecting gamma rays produced from the collision of positrons and electrons 

within a patient’s body. Nanoparticles (NPs) acting as contrast agents have improved the sensitivity of PET-

targeted imaging, as localized clusters of NPs increase the signal intensity in a particular region. A prominent 

concern that comes with the use of PET-active NPs relates to their biodistribution, which is affected by particle 

morphology and surface coatings. Previously, Lu et al. has optimized 762 chelation of 64Cu into 762-core NPs 

to create PET-active NPs with a poly-ethylene glycol (PEG) surface coating. However, little work has been 

done on the effect of other surface coatings on copper loading for NP radiolabeling. Here, we: (1) formed and 

characterized the stability of NPs with different surface coatings (2) evaluated their copper chelation kinetics. 

Toward this end, we utilized the self-assembly Flash NanoPrecipitation (FNP) process to formulate water-

dispersible, PEG, poly-acrylic acid (PAA) and poly-dimethylethylmethacrylate (DMEMA)-coated NPs. 

Particles were formed with 762 phthalocyanine with sizes that can be tuned from 90 to 160 nm. 64Cu 

radiolabeling trials on these NPs revealed that PEG and PAA-coated NPs took up > 95% of the initial 64Cu 

activity after a 3 hour incubation in a pH 5.5 buffer at 37℃ - reaching over 500uCi of activity. While further 

work needs to be done on DMEMA-coated NPs, these results demonstrate the potential of different surface 

coatings to be used in PET-imaging applications. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Expression of recombinant proteins in E. coli using a de-novo fusion tag 

Alex Jiang, Dr. Shlomo Zarzhitsky, Prof. Michael Hecht 

Recombinant protein expression in E. coli allows scientists to easily produce protein constructs needed for 
assays and characterization. Quite often, scientists encounter low yields when expressing exogenous 
proteins in E. coli. To improve expression levels, known proteins, characterized by fast and stable folding, are 
fused to these troublesome proteins as expression-enhancement tags. Currently, all fusion tags are naturally 
occurring and have limitations with producing sufficient quantities of exogenous proteins in E. coli. I address 
this issue by considering the fusion of a de-novo protein as a tag, which was previously unexplored. Here, I 
propose that the synthetic protein S-824 outperforms a canonical fusion tag SUMO by comparing the yields 
of soluble, aggregating, and membrane peptides when either S-824 or SUMO fusion tag is attached. Using 
well-established methods such as affinity chromatography for protein purification and quantification, results 
for the soluble construct Trp cage revealed statistically higher expression levels with S-824 than with SUMO. 
In addition, the yields for amyloid beta, a notoriously aggregating peptide, when fused to S-824, were more 
than twice than that for SUMO-amyloid beta. With expression assays for both soluble and aggregating 
proteins completed, the final step in the workflow is to compare the expression of a de-novo designed 
membrane peptide (LSLLLSL)3 fused to either SUMO or S-824. Preliminary results showed that S-824 does 
outperform SUMO in the expression of (LSLLLSL)3. Hence, de-novo proteins such as S-824, designed by the 
Hecht lab, may serve as novel expression-enhancement tags.  
 
This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior Thesis 

Fund. 

 

 

 

 

A Screen For Genes That Regulate Caenorhabditis elegans  Reproductive Aging 

Jiahao Jiang, Josue Chirinos, William Keyes, Nicole M. Templeman, Coleen T. Murphy 

Reproductive senescence is one of the earliest hallmarks of aging in humans. Although the reproductive 
decline in females is generally considered to be the result of a decrease in oocyte quality, little is known about 
the molecular mechanisms that regulate reproductive aging. The nematode Caenorhabditis elegans has been 
developed as a key platform to study the genetic regulation of reproductive aging because of its long and 
human-like post-reproductive lifespan. From a large scale Mos1-mediated mutagenesis screen, we identified 
a set of genes that extend reproductive span in C. elegans, allowing further gene ontology analysis to unveil 
potential genetic pathways involved in the regulation of reproductive aging. Several reproductive-extension 
genes were also confirmed and mapped from candidate mutants discovered by our lab in a pilot Mos1 screen, 
including lin-15B, crb-1, and an unknown intergenic region. To characterize the effect of lin-15B loss on the 
age-related reproductive decline, a self-fertilized reproductive span assay and oocyte morphology analysis 
were conducted. We found that loss of lin-15B extends reproductive span but does not show a significant 
rescue in oocyte quality. Temporal RNAi experiments will be conducted in the future to test whether adult-
only lin-15B knockdown is sufficient to delay the reproductive senescence, which marks its human homolog 
a potential pharmacological target to slow reproductive decline through mid-life intervention. Taken together, 
these results will provide a systematic view on the genetic basis of reproductive aging in C. elegans. 

This research was made possible by the generous support of the Department of Molecular Biology. 
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Increased neutrophil infiltration is associated with efficient breast cancer liver metastasis 

Lifei Jiang, Jianhong Fang, Yibin Kang 

  Metastasis contributes to more than 90% of breast cancer-related deaths. The efficiency of metastasis is 

determined by the interaction between disseminated cancer cells and the host-organ microenvironment, such 

as the immune landscape. In this study, we want to uncover the mechanisms for breast cancer liver 

metastasis, which is less understood than metastasis to other organs. To acquire breast cancer cells that 

readily metastasize to the liver, MDA-MB-231, a human breast cancer cell line, was injected to the spleen of 

immunodeficient mice and cancer cells that colonized in the liver were collected. Through three rounds of in 

vivo selection, the breast cancer cells harvested from the liver, denoted as LVM3, displayed a significantly 

higher liver metastatic ability compared to parental cell line. A microarray comparing high and low liver-

metastatic cancer cells showed that the LVM3 cell line exhibited higher levels of neutrophil chemoattractants. 

Based on this, an in vitro chemotaxis assay was used to reveal an increased ability of LVM3 cells in attracting 

neutrophils, which was further validated by the observation that LVM3 liver metastatic nodules display a higher 

infiltration of neutrophils. Interestingly, the neutrophil chemoattractants lie downstream of the NF-kB pathway, 

which is known to control tumor growth and metastasis. However, the role of NF-kB in liver-tropic metastasis 

has not been investigated. Both gain- and loss-of function assays demonstrated that elevated NF-kB activity 

underlies high levels of neutrophil chemoattractants in LVM3 cells. In the future, in vivo depletion of 

neutrophils can be conducted to uncover their role in breast cancer liver metastasis. Moreover, liver-enriched 

factors that contribute to the hyperactivated NF-kB signaling pathway will be investigated. These studies 

should promote the mechanistic understanding of breast cancer liver metastasis and provide potential targets 

for future therapies. 

This research was made possible by the generous support of the Department of Molecular Biology and the 
Brewster Foundation. 
 
 

Investigating the Mechanism of Microtubule Nucleation Through the Interaction of XMAP215 and γ-
Tubulin 

 
Sarah Jun, Akanksha Thawani, Sabine Petry 

 
Microtubules are long, cylindrical polymers that are crucial to cell structure, function, and replication. They are 

comprised of αβ-tubulin dimers added in a ring-like fashion around the hollow center of each microtubule. 

However, before αβ-tubulin dimers can be attached to growing microtubules, each microtubule must first be 

nucleated. Until recently, the primarily recognized microtubule nucleating protein was γ-tubulin Ring Complex 

(γ-TuRC). However, recent studies have revealed the synergistic nucleating abilities of a known microtubule 

polymerase, XMAP215, which has been shown to bind γ-tubulin via its C-terminal domain. Yet, the exact 

binding region of this interaction has yet to be determined. An attractive model, bolstered by the findings of a 

cryptic sixth TOG region in the Drosophila homologue of XMAP215, proposes that a sixth TOG domain exists 

in the C-terminus that binds to γ-tubulin, mirroring the abilities of the first five TOG domains to bind αβ-tubulin 

dimers. To further resolve this binding interface, we have produced various deletion constructs of the C-

terminal domain of XMAP215 and plan to test these constructs in binding assays with γ-tubulin. We hope to 

crystallize a heterodimer of the binding-region construct and γ-tubulin to solve the structure of the binding. 

Further, the structure of the C-terminus of XMAP215 alone will be solved and probed for a sixth TOG domain. 

In sum, this study will elucidate how XMAP215 interacts with γ-TuRC to nucleate microtubules in the cell. 

This research was made possible by the generous support of the Crecca ’46 Molecular Biology Senior 

Thesis Fund.  
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Synthetically Enhancing a Mammalian Cell Signaling Pathway through Light-Induced Liquid-Liquid 

Phase Separation 

Haeun Jung, Elliot Dine, Pavithran Ravindran, Jared Toettcher* 

Many biochemical reactions in vivo are organized in membraneless compartments, formed by liquid-liquid 

phase separation from the cytoplasm. These liquid-liquid phase separations occur due to weak multivalent 

electrostatic interactions in intrinsically disordered regions (IDRs), which act "sticky" residues that allow for 

oligomerization. Our lab utilizes an Opto-IDR system that allows us to control the induction of liquid droplets 

with light. We recently demonstrated control over metabolic flux by using light-switchable clustering. Here, we 

explore the possibility of controlling the flux of Mitogen-Activated Protein Kinase (MAPK) pathways, 

which play critical roles in development, differentiation, and proliferation. In particular, we focus on the p38 

pathway because it lacks scaffold proteins that may interfere with light-induced clustering. MKK3-p38 is 

synthetically co-localized with the Opto-IDR system, it displays enhanced levels of p38 phosphorylation, as 

well as the phosphorylation of its downstream targets. However, when synthetically co-localizing MKK3 and 

p38 without forming liquid droplets, we see an enhancement of p38 phosphorylation, but a decrease in 

phosphorylation of its downstream targets. The proposed work thus helps elucidate the importance of liquid-

liquid phase separation in signaling pathways using optogenetic tools.  

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 

Thesis Fund. 

 

 

Investigating Phase Separation as a Potential Mechanism for X-Chromosome Inactivation 

Manya Kapoor, Jorine Eeftens, Clifford P. Brangwynne 

The allosomes of male and female placental mammals differ drastically, with the former having a single X-

chromosome and the sex-determining Y-chromosome, and the latter having two X-chromosomes. Females 

thus have 100Mb more DNA due to the X-chromosome’s larger size and in order to achieve dosage 

compensation of X-linked gene expression, one of the two X-chromosomes is inactivated in embryonic 

blastocyst cells. The inactive X-chromosome forms a “Barr Body” through a process termed X-chromosome 

inactivation (XCI), which is initiated by the long non-coding RNA ‘X-inactive specific transcript’ (XIST) and 

aided by XIST-interacting proteins. However, the understanding of the entire process from counting the 

number of X-chromosomes and choosing which, if any, to silence, to the maintenance and propagation of the 

inactive X-chromosome across cell divisions is still limited. Here we investigate the role of phase-separation 

in X-chromosome inactivation by probing if XIST associated proteins form condensates localized on the X-

chromosome. The XIST-interacting proteins CIZ1, RNF2 and RBM15 were shown to localize on the inactive 

X-chromosomes of the trisomic HEK cells. They are also shown to reduce or stop expressing during mitosis, 

and to nucleate once again after cell division has taken place. The condensation of CIZ1 and RNF2 on the X-

chromosome has additionally been observed using STED microscopy. Furthermore, strategies like PiggyBac 

and MS2 transcription loops have been explored as De Novo systems in which inducing and controlling X-

chromosome inactivation using optogenetics may be possible. A more thorough understanding of these 

mechanisms could potentially provide insight for treating X-linked genetic disorders.  

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Determining the Role of Metadherin (MTDH) in Escaping Cytotoxic T-Cell Attack 

Iyani Kelly, Ramesh Gunaratna, Yibin Kang 

Metadherin (MTDH) is a gene amplified in more than 50% of breast cancer patients and is associated with 

poor prognosis. Previous work has shown that MTDH promotes MMTV-PyMT mammary tumorigenesis, 

metastasis and leads to chemo-resistance. Recent findings in our lab using an in vitro coculture system show 

that MTDH overexpression enables escape from cytotoxic T-cell attack. However, the mechanistic basis of 

MTDH-mediated immune escapes remains largely unexplored. Given the direct role of antigen presentation 

on cytotoxic T cell attack, we are exploring how MTDH regulates antigen presentation, processing and loading 

in previously characterized cell lines (over-expressed Mtdh (M-OE) and knocked-down Mtdh (M-KD)) derived 

from MMTV-PyMT mammary tumors. In M-OE cells, MTDH has been shown to localize to lipid droplets during 

cellular stress and recent findings show that lipid droplets play a role in antigen presentation. Therefore, we 

are specifically exploring the role of MTDH in lipid droplet (LD) formation, quantity and lipid flux. To this extent, 

we have cultured M-OE and M-KD cells with ovalbumin activated T-cells and have determined MTDH 

localization immunofluorescently. Results from this experiment show MTDH localizing to LDs in M-OE cell 

line 24 h after T cell coculture. In addition, we have also generated a cell line with EGFP-tagged MTDH to 

determine cellular localization of MTDH, visualize lipid flux and LDs during T-cell coculture. Results from our 

experiments will provide novel mechanistic understanding of how MTDH overexpression enables immune 

escape, which will be valuable in enhancing the efficacy of immunotherapeutic strategies to treat aggressive 

breast cancer subtypes. 

This research was made possible by the generous support of the Genentech Foundation and the Graduate 

School at Princeton University. 

 
 

Absolute Concentration of Metabolites for Understanding Yeast Metabolism 
Artem Khan, Tianxia Xiao, Joshua D. Rabinowitz 

 
With the help of high-resolution LC-MS (Liquid Chromatography – Mass Spectrometry), absolute metabolite 

concentration becomes available to elucidate the thermodynamics underlining key biochemical pathways. 

Previously, Rabinowitz lab has reported the absolute concentrations of many important metabolites in 

Saccharomyces cerevisiae. In this project, we have augmented the total metabolites measured by more than 

10%. Then, we used the existing data set for S. cerevisiae and spiked carbon-13 labeled S. cerevisiae with 

two species of our interest in HPLC-MS. In this way, we quantified over 50 overlapping metabolites in two 

non-model yeasts proposed as biofuel production platforms, Rhodosporidium toruiloides and Issatchenkia 

orientalis. After, we utilized the concentration values to calculate a change in the standard Gibbs free energy 

of glycolytic and TCA reactions. We observed mostly the conservation of the Gibbs free energy across 

different yeast species. For certain reactions, the Gibbs free energy is different in one of the yeasts, indicating 

an intrinsic metabolic feature of that species that is governed by thermodynamics. In the future, absolute 

metabolite concentration values can be potentially useful in implementing metabolic models (e.g. Systematic 

Identification of Meaningful Metabolic Enzyme Regulation (SIMMER)) in these yeasts to understand its 

metabolism. Hence, this information will rationally guide further metabolic engineering efforts in producing 

value-added chemicals from renewable resources. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Identifying the Mechanism of Collective Cell Movements during Hair Follicle Polarization 

Keunho (Bryan) Kim, Liliya Leybova, Danelle Devenport 

 

Many processes during embryonic development require collective cell movement, through which connected 

cells with shared polarity move as one unit. Collective cell movement can be observed in skin tissues during 

wound healing and hair follicle morphogenesis. Investigating hair follicle morphogenesis can allow us to better 

understand the mechanisms behind collective cell movement. During embryonic hair follicle development, 

hair placodes, follicle predecessors comprised of two distinct cell types, inner and outer cells, undergo 

collective cell rearrangements in a counter-rotational pattern. The two cell types have distinct transcriptional 

profiles, and both cell types are required for counter-rotational cell movement. However, the contribution of 

each cell type to the counter-rotational movement is not known. To elucidate the role of each cell type in 

placode polarization, we are investigating the cell rearrangements when the entire placode is a single cell 

type. We are utilizing laser ablation and genetic manipulation to convert inner cells to outer cells and outer 

cells to inner cells, respectively, and using live imaging to identify the cell rearrangements. Based on the high 

motility of inner cells shown in a previous study, we expect to see inner cells required for cell flow. Preliminary 

laser ablation data shows that cells in outer cell type placodes fail to rearrange, which suggests that inner 

cells are necessary and outer cells are not sufficient for collective cell movement. Future experiments will 

investigate the role of inner cells in cell flow during placode polarization through live and fixed imaging of 

genetically manipulated placodes. Identifying the roles of inner and outer cells in hair placode cell 

rearrangements could help us understand the mechanisms underlying collective cell movements. 

 

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior Thesis 

Fund. 

 

Role of Painless in Drosophila Germ Cell Migration 

Yunah Kim, Joy Wan, Girish Deshpande 

Drosophila melanogaster oogenesis and embryogenesis is a valuable model to study a complex network 
comprising of attractive and repulsive cues that result in directed and coordinated migration because 
Drosophila primordial germ cells (PGCs) are readily identifiable using cell staining protocol and cell imaging 
techniques. Earlier work has demonstrated the localization of painless RNA specific to germ cells during mid 
to late stages of embryogenesis using in situ hybridization (Tracey et al., 2003). To expand the investigation 
into the role of painless in germ cell migration, we constructed several genetic crosses, using ‘gain of function’ 
and ‘loss of function’ mutations in painless and used tissue-specific drivers to achieve ectopic expression. We 
found several migration defects in the PGCs when both compromising painless and knocking it down in a 
germ-cell specific manner, therefore suggesting that the role of painless is likely significant to the mechanism 
PGC migration. Likely, painless may function as a germ cell-autonomous factor, downstream of Hh binding 
and responsible for cell motility. Two primary actors in Drosophila development are PGCs, which are 
sperm/egg precursors formed from a specialized cytoplasm (pole plasm) at the posterior pole of the oocyte, 
and somatic gonadal precursor cells (SGPs). At the very early stages of development, the Drosophila 
organism is a syncytium of nuclei that rapidly divide for several cycles until the tenth cycle, during which 
several nuclei precociously migrate to the posterior pole, eventually cellularizing to yield primordial germ cells 
(PGCs). They then enter the pole plasm of the oocyte during midgut invagination, migrate across the midgut 
epithelium, to finally enter the mesoderm and associate with SGPs. Now, the joined SGPs-PGCs are able to 
move anteriorly by way of germ band retraction, to become the embryonic gonad. The two cell types must 
coalesce in a time and location-specific manner, in order to form a wildtype embryonic gonad. 
 
This research was made possible by the generous support of the Crecca ‘46 Molecular Biology Senior 
Thesis Fund. 
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Construction and Characterization of Recombinant Usutu Virus Reporter Strain 

Oluwapelumi Kolawole, Robert LeDesma, Celeste Claudio, Qiang Ding, Brigitte Heller, Alexander Ploss. 
 
Usutu virus (USUV) is a poorly characterized arbovirus which belongs to the Flaviviridae family, genus 
flavivirus. After complete genome analysis and sequence alignments with other flaviviruses, it was determined 
that USUV belongs to the Japanese encephalitis serogroup. Further, the functional domains of USUV have 
been delineated and their functions predicted based on homology to those of other, better characterized 
flaviviruses. The transmission cycle of USUV includes a mosquito vector, amplifying hosts (commonly avian 
species), and secondary hosts, which include humans. Although USUV was first observed in Africa, its 
emergence and increased virulence in European countries accounts for its increased significance. Studies 
have shown that USUV infection is frequently fatal in Eurasian blackbirds, and has resulted in clinically 
symptomatic diseases in patients. USUV-related neurological disorder was first reported in a patient in Italy, 
and has since been identified in other patients in countries such as Croatia, suggesting an increased virulence 
in the USUV viral strains responsible. Therefore, increasing our knowledge about USUV is important in the 
generation of novel diagnostic tests and therapeutic tools. In this study, a replication competent, recombinant 
Usutu virus reporter strain harboring a Gaussia luciferase reporter gene, will be constructed and 
characterized. The replication kinetics of this reporter virus will be determined through comparison with wild 
type isolates of USUV strains.  Reporter viruses such as this are cheaper, easier and quicker means through 
which the viral life cycle can be studied; this Usutu reporter virus will be used to analyze and characterize the 
kinetics of viral replication, and the effects of genetic manipulations on viral and/or host fitness. 
 
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 

  
 

 

 

 

 

 

Towards a Simple and Sensitive Fluorescent Gel Imager in the Visible Spectral Range 
  

Joshua Ku, Quan Wang 
  
Gel electrophoresis and imaging are among the most highly utilized techniques in the fields of biology and 
biochemistry due to their ability to analyze small molecules such as DNA and proteins. However, gel 
imagers often require DNA/protein staining combined with UV excitation, which is non-specific and has 
limited sensitivity. Our project develops affordable, specific and sensitive non-staining based gel imagers 
that use the visible wavelength excitation and fluorescence detection. We built two different gel imagers 
based on commercial designs with modifications to improve detection sensitivity. The first gel imager uses 
470 nm excitation and we succeeded in detecting 20 nM of the dye Atto488. The second one uses 530 nm 
excitation and we succeeded in detecting 1 µM of the dye Cy3. The signal-to-background ratio was then 
quantified. As our gel imager is affordable and sensitive, more labs will be able to access this tool allowing 
for further developments in biology and biochemistry. In the future, we hope to further increase the 
sensitivity of these gel imagers by using customized emission filters. 
   
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
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Identifying Targets of the RNA-Binding Protein Glorund in the Drosophila Central Nervous System 

Bojan Lazarevic and Elizabeth R. Gavis 

Heterogenous nuclear ribonucleoproteins (hnRNPs) are the most abundant RNA-binding proteins and are 
involved in every aspect of post-transcriptional gene regulation, from addition of the 5’ cap to translational 
control. In mammalian neuronal cells, the hnRNP F/H family is necessary for localization of mRNA within 
axons, regulation of axonal protein levels and axonal growth. Dysfunctions in human hnRNPs F and H have 
been linked to neurogenerative disorders such as Parkinson’s disease, Alzheimer’s disease, and amyotrophic 
lateral sclerosis. Glorund (Glo) is the sole member of the hnRNP F/H family in Drosophila. Glo was shown to 
be involved in several RNA regulatory steps, including alternative splicing and translational repression, during 
oogenesis. Preliminary results have shown that, later in development, glo mRNA becomes highly expressed 
in the central nervous system (CNS) of Drosophila. However, Glo’s role in the CNS has yet to be elucidated. 
Since Glo is highly expressed in the CNS, it may bind and regulate multiple CNS targets, possibly by 
controlling RNA stability and/or translation. To test this hypothesis, I will search for bona fide RNA targets of 
Glo using the TRIBE (Targets of RNA-binding proteins Identified By Editing) method in which Glo is fused to 
the catalytic domain of the  RNA editing protein, ADAR. I will be able to identify RNAs bound by Glo due to 
the ADAR-induced nucleotide changes. I will then confirm TRIBE hits through co-immunoprecipitation 
experiments. Knowing the targets of Glo will help us understand its role in the CNS and also shed light on the 
function of mammalian hnRNPs F/H and how their disruption is involved in disease.   

This research was made possible by the generous support of the Lane '73 Senior Thesis Fund. 

 

 

Investigating the Role of Chronic Stress in the Regulation of Telomere Length and Telomerase 

Activity in Mice 

Annabel Lee, Eugenia Xu, Daniel Notterman 

Chronic stress has been associated with many negative health outcomes such as diabetes, coronary heart 
disease, and inhibited bone formation. This occurs through the overactivation of the body’s allostatic 
systems, which involves the sympathetic nervous system and is characterized by heightened cortisol levels. 
Though the exact molecular mechanism through which chronic stress contributes to disease is unclear, 
reductions in telomere length and telomerase activity have been speculated to be potential biomarkers of 
stress, and it is suspected that these two measures are influenced by cortisol levels. In order to understand 
the mechanism through which chronic stress impacts the risk of age-related diseases, we will investigate 
the relationship between corticosterone levels in mice and associated changes in tissue-specific telomere 
biology using two established models of stress. Mice were (a) placed under chronic restraint stress (CRS) 
or (b) underwent daily injection of corticosterone (CORT). Body weight was measured every 2-3 days, and 
corticosterone levels were measured with ELISA tests. CRS mice showed significant decreases in body 
weight in comparison to control mice, confirming the effect of chronic restraint stress on mice biology, and 
CORT mice showed no statistical significance; however, ELISA tests found conclusive increases in 
corticosterone levels found in subcutaneous blood samples for both stress models. We will also measure 
telomere length using qPCR and qFISH; telomerase activity by TRAP assays; and anxiety by quantificative 
behavioral tests. I expect to observe a stress-related reduction in average telomere length and telomerase 
activity, as well as tissue-specificity with greater reduction in tissue types with higher replicative rates. The 
data obtained in this study will allow better understanding of the biological mechanism through which 
chronic stress and corticosterone alters the body in vivo, and thus an understanding of the consequences 
and contributors to chronic stress and altered telomere biology. 
 
This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 
Thesis Fund. 
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Investigating the Relationship between Sharp Wave Ripples and Synchronous Memory 
Reactivations in Memory Replay of the Hippocampus  

DaeHee Lee, Patrick D. Rich, David W. Tank 

Memory consolidation, the stabilization of encoded memory, is achieved by repeated hippocampal memory 
replays, in which specific patterns of hippocampal neurons are depolarized as they did for the encoding 
stimuli without additional stimuli. These replays are supported by Sharp Wave Ripples (SWRs), specific 
electrophysiological patterns in the CA1 region of the hippocampus, and synchronous hippocampal neuron 
reactivations, simultaneous depolarization of hippocampal neurons. However, the relationship between 
these two events remains incompletely understood, because although previous studies suggest that there is 
a correlation between these two phenomena, they do not provide a definite model. To create a correlational 
algorithm between the SWRs and the synchronous hippocampal neuron reactivations, I have trained rats to 
do head fixation and odor discrimination. The head fixation allows calcium cell imaging of the hippocampus 
to collect the neural reactivation data, while the odor discrimination elicits the memory replay and 
hippocampal cell firing which can be analyzed later in this project. In this poster, I will present the protocol 
for the training of the rats, the behavior of the rats as they perform the task, and the collected neural 
reactivation data. It is anticipated that this training will lead to an algorithm that can predict when a SWR will 
occur based on synchronous hippocampal neuron reactivations and memory replay during this spatial 
memory task. Furthermore, as these two mechanisms support memory replay not only in rats but also in 
humans, this study can lead to a better understanding of memory consolidation in human beings. 

This research was made possible by the generous support of the Berry '21 Molecular Biology Senior Thesis 
Fund. 

 

 

The role of mesenchymal stem cells and the CXCR4/CXCL12 signaling axis in breast cancer bone 

metastasis 

Jasper Lee, Fenfang Chen, Yibin Kang 

The CXCR4/CXCL12 axis has been implicated in the metastasis of breast cancer to bone, but the role of the bone 

marrow niche—a sophisticated collection of cells including osteoblasts, osteoclasts, endothelial cells, and 

mesenchymal stem cells (MSCs)—remains elusive. We aimed to elucidate the interactions of bone marrow niche 

cells with breast cancer cells through the CXCR4/CXCL12 axis and determine the phenotypic effects of these 

interactions. Multiple human and mouse breast cancer and stromal cell lines were cultured, and their gene 

expression profiled using qPCR. Breast cancer cell lines enriched for CXCR4, and MSCs enriched for CXCL12, 

were selected. We established stable CXCR4 siRNA knockdowns in selected breast cancer cell lines through 

lentiviral infection. qPCR analysis confirmed a significant knockdown effect. In order to specifically analyze the 

interaction of stromal cells and breast cancer cells, we co-cultured various pairings of the two cell types in 

tumorsphere assays. Tumorsphere assays quantify the number of cancer stem cells (CSCs), which are able to 

self-proliferate and form “spheres” of offspring cells, in the population. Results indicate a strong reliance of sphere 

formation on functional CXCR4/CXCL12 signaling, as wells containing cells cultured in isolation without stromal 

cells, or containing CXCR4 knockdown cells, both exhibit significantly decreased tumorsphere formation. This 

decrease was also observed in wells treated with AMD3100, an inhibitor of CXCR4, further illustrating the 

importance of the CXCR4/CXCL12 axis. Our work suggests a significant interplay between CXCR4, CXCL12, and 

MSCs. Further work, including validation of CXCR4 expression plasmids, in vivo experimentation, and analysis of 

other targets such as CXCR7, will help further clarify these associations. These studies are highly clinically 

relevant, due to the high prevalence and mortality associated with breast cancer bone metastasis. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative Genomics. 
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Investigation of Sec1/Munc18-like (SM) Protein Sly1’s Functional and Structural Role in the 

Catalysis of SNARE Assembly 

Winston K. Lie, Sophie Travis and Fredrick Hughson 

Membrane fusion is the biophysical process by which chemically unique, lipid enclosed compartments 

coalesce to form one continuous space. While it has been established that membrane fusion is mediated by the 

formation of a highly ordered, four helical SNARE bundle between opposing membranes, the catalytic 

mechanism for the creation of this structure remains enigmatic. Sec1-Munc18 (SM) proteins are thought to 

interact with SNARE proteins to help drive fusion, but the precise binding mode between these two proteins is 

unclear. One model suggests that SM proteins serve as SNARE templates, binding and aligning SNARE proteins 

to facilitate correct assembly. Evidence supporting this theory has been published for two of the four SM protein 

families, Vps33 and Munc18, but whether the other two, Vps45 and Sly1, also function through templating is still 

unknown. This project will investigate the interaction between Sly1 and its R-SNARE, Sec22, and Qa-SNARE, 

Ufe1. Previously published work suggests that Sly1 could not bind to individual SNARE motifs. However, I 

hypothesize that Sly1, similar to Munc18 and Vps33, does bind to SNARE motifs although weakly, serving as a 

catalyst. To test this, an artificially linked RQa-SNARE has been constructed that, through bivalent interactions 

with the SM protein, will enhance apparent binding between the two proteins. The SM-SNARE interaction will be 

characterized using binding and SNARE assembly assays, while the structure will be determined using x-ray 

crystallography. Completion of this project could reveal a novel mechanism for Sly1 and support a unifying model 

for how SM proteins associate with SNAREs.  

This research was made possible by the generous support of the Crecca ‘46 Molecular Biology Senior 

Thesis Fund. 

 
 

Investigating the Effect of Mutations in the RRAS2 Gene on Cellular Signaling and Organismal 
Development 

Juliet V. McGowen, Victoria L. Patterson, Rebecca D. Burdine  
 

Germline mutations in components of the Ras/MAPK signaling pathway produce a set of development 

disorders collectively known as RASopathies. These disorders affect approximately 1 in 1000 individuals 

and are characterized by a variety of symptoms including craniofacial anomalies, cardiac defects, and 

cognitive impairment. Numerous mutations in components of the Ras/MAPK pathway have been linked to 

RASopathy disorders. Mutations in the RRAS2 gene are specifically associated with Noonan syndrome; 

however, the effects of these mutations on the Ras/MAPK signaling cascade and embryonic development 

are not fully understood. RRAS2 has high similarity to Ras and contains notably conserved functional 

domains including the phosphate-binding loop, switch regions, and nucleotide binding domain.  This study 

will investigate how mutations in the RRAS2 gene, including a novel potential pathogenic variant A158G, 

disrupt the Ras/MAPK pathway and perturb development using zebrafish as a model organism. The impact 

of these mutations will be studied by overexpressing mutant RRAS2 transcripts in zebrafish embryos as 

well as engineering mutations into the rras2 gene in the zebrafish genome using the CRISPR/Cas 9 system. 

Due to the highly conserved structure and function of the RRAS2 and Ras proteins we hypothesize RRAS2 

functions within the Ras/MAPK signaling cascade and mutations in this gene hyperactivate the Ras/MAPK 

pathway, leading to RASopathies.  A more thorough understanding of the impact of mutations in the RRAS2 

gene will allow for better comprehension of the role of RRAS2 in human development as well as advance 

both detection and treatment of disorders caused by mutations in the RRAS2 gene.  

This research was made possible by the generous support of the Genetech Foundation and Elkins Family 

Molecular Biology Senior Thesis Fund.  
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The Role of GAGA Sites in Long Range Promoter-Enhancer Interactions 

Agatha Okobi, João Raimundo, Michael Levine 

In complex organisms, gene regulation often involves complex enhancer-promoter interactions that are 

established over long distances between one or more enhancers and promoters. However, the molecular 

mechanisms and dynamics that foster long distance gene regulation remain unclear. The central hypothesis 

of this study is that a recurring sequence called the GAGA sequence mediates long range promoter-enhancer 

interactions by helping to loop DNA. This hypothesis will be tested through experimentation based on the 

genes scylla and charybde, chosen because of their participation in long range enhancer-promoter interaction 

performed over 235kb. In this investigation, deletion of scyl and chrb GAGA sites and live MS2-PP7 imaging 

of the two genes will be conducted in order to observe the role of GAGA sites and monitor gene expression 

respectively. So far, it has been observed that, despite being 235 kb apart, scyl and chrb are spatially co-

expressed with chrb being expressed later than scyl possibly due to a closer proximity between scyl and the 

enhancer than with chrb. Interestingly, when both genes are expressed in the same nucleus, transcription 

initiation seems to be coordinated, implying that the same enhancer is activating both genes simultaneously. 

More evidence will be gathered to clarify GAGA sites’ role in the coordination of gene expression through 

CRISPR Cas9 deletion of the surrounding GAGA sites and live MS2-PP7 imaging. If the deletion of GAGA 

sites is found to meaningfully affect enhancer-promoter interactions a major mechanism of gene regulation 

will be clarified. 

 This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior Thesis 

Fund. 

 
 
 
 

Investigating the role of YciM as an adaptor protein regulating LPS Synthesis in E. coli 
 

Ebun J. Olunuga, Randi L. Guest, Thomas J. Silhavy 

 
The outer membrane (OM) of Gram-negative bacteria such as Escherichia coli displays a unique asymmetric 
organization of lipids, with phospholipids (PLs) comprising the inner leaflet and lipopolysaccharides (LPS) 
forming the outer leaflet. This lipid organization is critical for the maintenance of OM integrity which protects 
the cell from toxic compounds such as detergents or antibiotics. Recently, the Silhavy laboratory isolated a 
mutation in the mlaA gene of the OM asymmetry maintenance pathway, called mlaA*, that causes PLs to 
accumulate in the outer leaflet accompanied by a cellular increase in LPS production. However, the exact 
mechanism through which this LPS production is regulated is still not entirely understood. My project aims to 
explore the role of the YciM protein in this pathway. YciM has already been shown to negatively regulate LPS 
synthesis by facilitating the proteolysis of LpxC, an important LPS synthesis enzyme, via the FtsH protease. 
I hypothesize that YciM facilitates this reaction by functioning as an adaptor protein binding directly to both 
LpxC and FtsH. YciM is also believed to bind to other membrane proteins potentially involved in this same 
pathway. Using UV photocrosslinking techniques to capture in vivo protein-protein interactions, I aim to isolate 
and identify YciM’s binding partners and hopefully confirm its role as an adaptor protein. Completion of this 
study will provide insight into the mechanisms of LPS production in response to OM disruptions, ultimately 
aiding in the understanding of OM synthesis. Additionally, further understanding of this pathway can offer 
additional targets for the development of new antibiotics.     
 
This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 

Thesis Fund. 
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Reconstituting and Solving the Structure of Cav1.1 in Nanodisc Using Cryo-EM 

Nguyen On, Shuai Gao, and Nieng Yan 

L-type voltage-gated calcium channels, such as Cav1.1, trigger the release of internal calcium from the 

sarcoplasmic reticulum in response to cell membrane depolarization. The release of calcium produces excitation-

contraction (EC) coupling, which is responsible for muscle contractions. Dysfunctional Cav channels may result in 

abnormal EC coupling and has been linked to cardiac arrhythmia, epileptic seizures, and hypokalemic periodic 

paralysis. Therefore, these channels are invaluable proteins to study when treating debilitating myopathies. This 

study aims to solve the structure of Cav1.1 in nanodisc in hopes of optimizing drug development and improve the 

field’s understanding of the mechanisms of voltage-gated channel proteins. Cav1.1 were extracted from rabbit 

muscle tissues and purified using size-exclusion chromatography. The structure of Cav1.1 was previously solved 

in detergent micelle in this lab. However, nanodisc more accurately mimics the native environment of Cav1.1 than 

detergent micelle and so the protein’s conformation in nanodisc would more accurately reflect its inherent 

conformation in the cell. Thus, Cav1.1 were reconstituted into POPC nanodisc for imaging. Due to the large size 

of Cav1.1, crystalizing the protein is difficult and time costly, making X-ray crystallography a poor method to 

elucidating the structure of Cav1.1. Instead, the sample was vitrified and cryogenic electron microscopy (Cryo-EM) 

was used to image the structure of Cav1.1 in nanodisc. The final structure was solved at a resolution of 3.4 Å and 

show little conformational differences compared to the detergent micelle structure.  

This research was made possible by the generous support of the Crecca ‘46 Molecular Biology Senior Thesis 

Fund. 

 

A high-throughput strategy to identify functional protein fusions in the V. cholerae quorum sensing 

pathway 

Megan Ostrowski, Andrew Bridges, Bonnie Bassler 

Bacteria use a process called quorum-sensing (QS) to orchestrate population-dependent behaviors 

including virulence, motility, antibiotic production, and biofilm formation. To assess the microbial composition in the 

local environment and to modify their behavior accordingly, bacterial cells secrete and sense small molecules 

called autoinducers (AI). In the model pathogen Vibrio cholerae, numerous AIs are integrated into a single QS 

pathway responsible for controlling hundreds of genes. To date, most QS studies have been performed in well-

mixed, planktonic cultures, and so they do not take into consideration other modes of growth including biofilm 

formation. Biofilms are surface attached communities of bacteria that are held together by a secreted extracellular 

matrix. In order to examine how QS functions in biofilms, I plan to track the abundances of the QS master regulators 

AphA and HapR in real-time using fluorescent protein fusions. Unfortunately, to date, the Bassler team has been 

unable to generate functional tagged versions of AphA and HapR. The issue of generating functional protein 

fusions is ubiquitous across molecular biology. As of now, there is no rational approach to generate fusions that 

function identically to the untagged protein. Here, we developed a high-throughput method using Gibson assembly 

that allows us to construct libraries of random amino acid sequences linking the master regulators to the fluorescent 

protein mNeonGreen. We find that the linker sequence has a dramatic effect on the activity of the tagged protein. 

From these libraries we select linkers with activity that matches the untagged protein, allowing us to reliably 

measure the abundance and localization of the QS master regulators in growing biofilms. Going forward, we hope 

to identify the properties of linkers that lead to functional protein fusions and to apply this knowledge when tagging 

any protein of interest. 

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior Thesis 

Fund. 



  

 

 

33 

 

Elucidating the Mechanism of Fludarabine Metabolism by the Gut Microbiome 

Dani Peters, Bahar Javdan, Mohamed Donia 

The many microbes comprising the human gut microbiome play an important role in the metabolism of several 

drugs. Fludarabine is a chemotherapeutic whose function may rely on reactions carried out in this environment. 

Previous studies have suggested that an Escherichia coli purine nucleoside phosphorylase breaks this drug down 

to a purine base, causing fludarabine activation. However, despite this drug’s common use in cancer treatment, 

the direct role of Escherichia coli in fludarabine metabolism is not well defined and the specific bacterial enzyme 

responsible for driving the phosphorylation and subsequent deglycosylation step that releases the purine base 

remains unknown. The present study is working to clarify the details of fludarabine metabolism through 

identification of enzymes involved in the undefined reaction. Escherichia coli strains with phosphorylase knockouts 

are being tested for their ability to metabolize fludarabine and fludarabine analogs through incubation and 

subsequent liquid chromatography-mass spectrometry analysis. It was found that Escherichia coli with the deoD 

purine nucleoside phosphorylase knocked out was unable to metabolize fludarabine analogs cladribine and 

clofarabine, suggesting that this gene may also function in the metabolism of the structurally similar fludarabine 

drug. Future experiments will examine the reaction in fludarabine by testing Escherichia coli, as well as other gut 

microbiome components with deoD gene analogs, for the ability to metabolize this drug, and the metabolism of 

additional fludarabine analogs will also be tested in order to investigate the prevalence of this metabolic 

mechanism. A better understanding of fludarabine metabolism through completion of this study will assist in 

evaluation of whether this drug will be effective in specific patients.  

This research was made possible by the generous support of the Crecca ’46 Molecular Biology Senior Thesis 

Fund. 

 

 

 

Left-right specific lateralization of nonmotor cognitive tasks in cerebellar Crus I 

Tiffany Pham, Jessica Verpeut, Samuel S.-H. Wang 

Hemispheric lateralization, in which left-right spatial differences in the cerebrum associate with different 

behaviors, is a fundamental organizing principle of the human brain. Crus I, a region of the cerebellum 

critical to proper motor coordination, cognition, and affect, has shown strong right lateralization in human 

imaging studies. Furthermore, cerebellar projections to the forebrain in humans decussate, or cross the 

midline, effecting contralateral cerebello-cortico projections. While lateralization and decussation are well 

studied in the human brain, it is not clear whether these two phenomena also occur in mice, a critical model 

organism for studying human neurology. To determine whether mice brains exhibit lateralization, Purkinje 

cells in adult mice were perturbed using Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs) via injections to left crus I and right crus I. The effects of these lateral-specific perturbations 

were measured through several behavioral assays, namely the three-chamber sociability assay and the y-

maze reversal learning assay. Afterwards, expression of c-Fos, a neuronal marker, was analyzed in the 

forebrain to determine whether cerebello-cortico signals originating from crus I project contralaterally or 

ipsilaterally in mice. Results from this project will enable us to better understand the utility and limitations of 

the mouse as a model for human neurological disorders. 

This research was made possible by the generous support of the Lane '73 Senior Thesis Fund. 
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Characterizing the Role of Lamin B1 Acetylation in Regulating the Integrity of the Nuclear Periphery  

Pranav Rekapalli, Laura Murray, Ileana Cristea 

Human cytomegalovirus (HCMV) is a nuclear-replicating herpesvirus that infects over 90% of the human 

population, causing major health concerns in immunocompromised patients and pregnant women, among 

others. Despite this, there are no effective antiviral therapies or vaccines to combat HCMV infections. Our lab 

has recently shown that the temporal acetylation of host and viral proteins is a key regulatory mechanism in 

the HCMV replication cycle, including the site-specific acetylation of the nuclear protein lamin B1 (LMNB1). 

LMNB1 acetylation inhibits virus production by stabilizing the nuclear periphery to block viral capsids from 

exiting the nucleus, yet the mechanisms underlying this function remain unknown. By integrating quantitative 

PCR, mass spectrometry-based proteomics, flow cytometry, and molecular virology, we aim to uncover the 

regulation of LMNB1 acetylation during HCMV infection. We have demonstrated that this inhibition is 

conserved among herpesviruses by showing that LMNB1 also inhibits virion production in herpes simplex 

virus (HSV-1) infection.  I also utilize qPCR combined with nuclear-cytoplasmic fractionation to quantify the 

proportion of viral particles trapped in the nucleus versus assembled viral particles in the cytoplasm. Then, to 

identify regulators and downstream effector proteins specific to acetylated LMNB1, we optimized a proximity-

based biotinylation system (TurboID) coupled to mass spectrometry, allowing us to profile LMNB1 protein 

interactions throughout HCMV infection. Finally, we expand our investigation to examine the broader 

regulatory impact of LMNB1 acetylation by interrogating its function during the cell cycle. Employing a 

combination of flow cytometry and microscopy, we show that, during the DNA-damage response, LMNB1 

acetylation impedes entry into S-phase of the cell cycle, possibly by inhibiting the tethering of DNA to LMNB1, 

shedding light on a previously unrecognized regulatory mechanism at the core of cell biology. Altogether, this 

work points to laminar acetylation as a key toggle point in diverse biological contexts and will lay the foundation 

for new avenues of antiviral therapeutic discovery. 

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 

Thesis Fund. 

 

 

Characterization of Unknown Region of Candidatus Endohaliclona renieramycinifaciens Plasmid 

David M. Romero, Jared N. Balaich, Mohamed S. Donia 

A recently discovered bacterial symbiont of marine sponges, Candidatus Endohaliclona renieramycinifaciens, 

was shown to be responsible for the production of renieramycin E, which belongs to a class of compounds 

with cytotoxic and antimicrobial activity. Interestingly, the genes responsible for the production of this 

compound are all contained on a plasmid. Little is known about this plasmid, including where the origin of 

replication is located and the function of the surrounding genes. In this study, we seek to identify the plasmid’s 

origin of replication using molecular cloning techniques, as well as to characterize a predicted cyclodipeptide 

synthase (CDPS) found on the plasmid. CDPSs are enzymes that create cyclodipeptides via fusion of two 

amino acids from aminoacyl-tRNAs (aa-tRNAs). Cyclodipeptides are precursors to many biologically active 

molecules, including antifungal, antibacterial and antitumor compounds. We cloned and expressed this CDPS 

in E. coli cells in an effort to identify which cyclodipeptide is being produced in the hopes of furthering our 

understanding of this plasmid and the exciting compounds that it can produce.  

This research was made possible by the generous support of the Graduate School at Princeton University. 
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Identification and Characterization of Genes Conferring Resistance to Immunotherapy in Triple-
Negative Breast Cancer 

 
Michelle Rowicki, Minhong Shen, Yibin Kang 

 
 
Triple-negative breast cancer patients have limited treatment options beyond surgery, chemotherapy, and 
radiotherapy. Immunotherapy, the harnessing of a patient’s immune system to target tumor cells, is a 
promising alternative treatment. Clinical trials of immune checkpoint inhibitors show reduced tumor growth 
and increased survival rate. However, response rates are limited to a small proportion of patients, indicating 
a need for improved understanding of immune regulation and evasion. This study utilizes a CRISPR-dCas9 
transcriptional activation screen to identify genes upregulated by cancer cells to escape immunosurveillance. 
Mouse splenocytes activated by ovalbumin stimulation were co-cultured with tumor cells transduced with 
CRISPR-dCas9 and a mouse transcriptional activation library to select for remaining robust cells. Genomic 
sequencing revealed fold changes in gene expression following co-culture. Two genes, Noxp20 and Litaf, 
were identified as promising candidates for further study of immunosuppressive ability. Stable knockdown cell 
lines generated by short hairpin RNA (shRNA) were co-cultured in vitro to confirm reduced evasion of immune 
cell killing. Mammary fat pad injection of shNoxp20 and shLitaf cells enabled quantification of tumor burden, 
and ex vivo bioluminescent imaging quantification of lung and liver metastases. Immunohistochemistry of 
primary tumors showed increased immune cell infiltration following knockdown of immunosuppressive genes. 
Further studies are necessary to characterize regulation of tumor microenvironment and immune cell 
infiltration. Ultimately, elucidation of the mechanistic function and immunosuppressive ability of NOXP20 and 
LITAF may suggest possible molecular targets to increase clinical response rates of immunotherapies in 
triple-negative breast cancer patients.  
 

This research was made possible by the generous support of the Hickok Molecular Biology Senior Thesis 

Fund. 

 

 

Characterization of the innate immune responses of PRV infection in vitro 

Ashley Salimbangon, Kathlyn Laval, Jolien Van Cleemput, Lynn W. Enquist 

Pseudorabies virus (PRV) is an alphaherpesvirus that is able to maintain its presence in its natural host, 

swine, through the cycle of infection, latency, and reactivation. In non-natural hosts, infection with wild-type 

PRV-Becker, but not with the vaccine strain PRV-Bartha, is characterized by an uncontrolled local and 

systemic inflammation, leading to a neuropathic itch (mad-itch) and sudden death. We hypothesize that type 

1 interferon (IFN), produced upon infection with PRV-Bartha, but not with PRV-Becker, suppresses the 

cytokine storm associated with the latter inflammatory reaction. Preliminary findings demonstrate that only 

PRV-Becker induced cytokine G-CSF production early upon infection (7 hpi) in the footpad and dorsal root 

ganglia, while cytokine IL-6 levels peaked at 24 hpi in all organs, but only at 82 hpi in the plasma. These 

findings indicated that the nervous system produces these cytokines and controls this lethal systemic 

inflammation. However, it is important to understand how the two PRV strains regulate the innate immune 

responses specifically upon infection of neuronal cells. Therefore, the current study aims to characterize the 

viral replication of the two strains in vitro in neuro-2A cells (by fluorescent microscopy and qPCR), as well as 

to decipher the specific neuronal immune response to these infections by ELISA.  

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 

Thesis Fund. 
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Characterizing the function of yejM in the gram-negative bacterial cell envelope 
 

Daniel Samé, Randi Guest, Jacqueline Grimm, Thomas J. Silhavy 
 
The gram-negative envelope of enteric bacteria such as Escherichia coli is an important permeability 
barrier, preventing the entrance of noxious compounds such as detergents and bile salts into the cell. At the 
core of this function is its bilayer structure, consisting of an aqueous periplasmic space flanked by a 
cytoplasmic inner membrane (IM) and an outer membrane (OM). While both leaflets of the IM are 
composed of phospholipids (PLs), the OM is comprised of lipopolysaccharide (LPS) in its outer leaflet; this 
lipid asymmetry is essential to the barrier function of the OM. LPS self-aggregates through strong lateral 
interactions with divalent cations to only allow diffusion of small compounds. Disruptions in OM LPS result in 
loss of barrier function and compensatory accumulation of PLs in the outer leaflet. Our laboratory is 
interested in characterizing the function of yejM, an IM tetrameric protein thought to be involved in LPS/PL 
trafficking to the OM. yejM is comprised of an essential N-terminal transmembrane domain and a non-
essential C-terminal globular periplasmic domain. Previous studies suggested a role for yejM in transporting 
anionic cardiolipin(CL) PLs to the OM, yet this function remains unclear as CLs have non-essential roles. A 
truncation of the yejM globular domain results in temperature sensitive growth at 42°C, increased OM 
permeability, and sensitivity to antibiotics. A screen I conducted for suppressors of the yejM globular domain 
truncation resulted in suppressor mutations in proteins associated with LPS biosynthesis and trafficking, 
suggesting a role for yejM in the transport of LPS to the OM.  
 
This research was made possible by the generous support of the W. Reid Pitts, Jr., M.D. ’63 Undergraduate 
Research Fund. 
 

 

 

Investigating the Mechanisms Behind Increased Alkyl-quinolone (AQ) Production in Surface-

Attached Pseudomonas aeruginosa 

Sandra V. Sequera, Geoffrey D. Vrla, Zemer Gitai 

Pseudomonas aeruginosa is an opportunistic pathogen that inhabits diverse environments and infects a wide 

range of hosts such as plants, insects, fungi, and humans. During host infection, P. aeruginosa regulates the 

production of multiple virulence factors. Virulence in the pathogen is activated by surface association, which 

induces the downstream cytotoxins, the alkyl-quinolone (AQ) secondary metabolites, HHQ and PQS. The 

mechanisms behind this upregulation of AQ cytotoxin production in surface-attached cells remain unknown. 

Here we propose that increased translation of the biosynthetic PqsABCDE enzymes may explain the 

increased HHQ production and virulence of surface-attached P. aeruginosa. In recent exploratory studies, we 

have isolated large populations of surface-attached and planktonic cells to allow for the visualization of PqsA 

protein expression by Western blot and to determine if PqsA levels increase when cells attach to a surface. 

In the future, we will use mass spectrometry-based proteomics to allow for the quantification of global changes 

in protein levels that occur in P.aeruginosa upon surface attachment. This workflow could provide new insights 

based on its untargeted approach that may be helpful in identifying genes other than pqsABCDE that are 

required for HHQ/PQS synthesis. These new functions associated with cytotoxin activation will not only clarify 

aspects of virulence regulation, but will also promote methodologies for the development of drugs to treat 

infection.  

This research was made possible by the generous support of the Evnin '62 Molecular Biology Senior Thesis 

Fund. 
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Agent-Based Simulation of Microbial Resource Competition in 2D 

Katherine Shelburne, Benjamin Weiner, Jaime Lopez, Amir Erez, Ned S. Wingreen 

The great diversity of life on Earth can be seen in ecosystems ranging in size from tropical rainforests to a 

gram of soil. Many macroecological metrics such as distributions of species abundance and spatial 

organization are generic across ecosystems, yet the mechanistic origins of these patterns remain poorly 

understood. In particular, the influence of competition for resources on patterns of biodiversity is not fully 

captured by existing theory. To better understand the underlying mechanisms, agent-based simulations which 

explicitly model each individual can be an invaluable tool, providing the ability to understand how concrete 

biological parameters influence the emergent properties of a system. We developed a simulation of resource 

competition in a simplified microbial community, in which species are differentiated by different nutrient uptake 

strategies. On a two-dimensional lattice with periodic boundary conditions, nutrients are supplied uniformly to 

a population of individuals, and diffuse to steady state. The fate of each cell is influenced by local nutrient 

concentrations, with higher nutrient uptake corresponding to a higher rate of reproduction. After some time, 

the simulation reaches a quasi-steady state, giving insight into the species abundance distribution and 

species-area relationship within a competitive microbial ecosystem. Moreover, these relationships can then 

be compared to both experimental observations and theoretical predictions, potentially illustrating how 

specific parameters influence community diversity.  

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics and by the National Science Foundation, through the Center for the Physics of Biological Function. 

 

 

 

 

 

Phenotypic Consequences of Mendelian Mutations in Human Zinc Finger Proteins 

Austin Starks, Anton Persikov, Mona Singh 

C2H2 zinc finger (ZF) proteins represent a major class of transcription factors in humans. The unique “finger”-

like structure of a ZF domain allows the protein to control transcriptional regulation by recognizing specific 

DNA regions. The specific nucleotides that the protein is able to recognize depends on the amino acids 

present within the core region of the ZF domains. Therefore, any alterations in this core region should affect 

the function of ZF proteins and cause pathological disorders. Here we use the bioinformatics tool HMMER to 

identify zinc finger domains and extract a list of ZF proteins. We then use Python to analyze Mendelian 

mutation databases and identify point mutations that lead to pathological phenotypes. We found that while 

many diseases are caused by nonsense mutations that result in early termination of the protein sequence, a 

significant number of them are missense mutations that affect the ZF domains. We then use software that the 

lab previously developed to calculate the predicted change in DNA binding specificity caused by missense 

mutations in the DNA-recognition region of ZF proteins. This work will lead to a better understanding of 

Mendelian disorders caused by mutations in zinc finger proteins.  

This research was made possible by the generous support of the Graduate School at Princeton University. 
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Understanding the Developmental Trajectory of the Dopaminergic Neuron in Ciona Intestinalis using 

Single-Cell RNA Sequencing 

Justin Starks, Prakriti Paul, Chen Cao, and Michael Levine 

Tracking the fate of differentiated cells is fundamental to the study of molecular and developmental biology. 

Recent advances in single-cell RNA sequencing have revolutionized cell lineage tracing. Here, we harness 

the power of these advances to reconstruct the lineage trajectory of the dopaminergic neuron in the proto-

vertebrate Ciona intestinalis. The transcriptome of Ciona intestinalis was determined for every developmental 

stage from the initial tailbud to the late tailbud II, and virtual lineage trajectories of the neuronal subtype was 

then constructed using the transcriptome data gathered during sequencing. A heatmap visualizing the 

changes in the expression of the most differentially expressed genes across developmental stages was then 

plotted to show how key marker genes’ expression changes throughout development. This data can be used 

to enhance our understanding of the connectome of the nervous system of the simple ascidian, and facilitate 

deeper developmental insights into more complex organisms.  

This research was made possible by the generous support of the Graduate School at Princeton University. 

 

 

 

Investigating the Effect of PPP1CB Mutations on Zebrafish Phenotype and Ras/MAPK Activation  

Will Steidl, Rebecca D. Burdine 

RASopathies are developmental disorders caused by genetic missense mutations in genes of the RAS/MAPK 

signaling pathway. Patients with these syndromes often display characteristic symptoms like dysmorphic 

features, congenital heart abnormalities, and intellectual impairment. The protein phosphatase-1 catalytic 

subunit beta (PPP1CB) gene could be important to understanding how RASopathies arise.  This gene 

encodes a subunit of protein phosphatase-1 (PP1), which dephosphorylates elements of the Ras/MAPK 

pathway. Genetic missense mutations in ppp1cb have been shown to cause a RASopathy called Noonan 

Syndrome with Loose Anagen Hair; this occurs mechanistically through the enhancement of Pp1-Shoc2-Mras 

complex formation, resulting in upregulation of RAF and thus enhancement of the Ras/MAPK pathway. 

However, there are several other clinically relevant PPP1CB mutations that cause Noonan Syndrome whose 

mechanisms have not yet been defined. Here, I am investigating numerous clinically relevant mutations with 

as-yet undetermined mechanisms. I hypothesize that mutations in PPP1CB lead to RASopathy-like symptoms 

by upregulating the Ras/MAPK pathway either through manipulation of Pp1-Shoc2-Mras complex formation 

or enhancement of the catalytic subunit of PP1. This project is split between two specific aims: one 

investigates the broad phenotypic effects of PPP1CB mutations in zebrafish, and the other examines the 

specific influences of mutations on protein interactions. So far in my research, I have succeeded in subcloning 

PPP1cb and designing mutagenesis primers for site-directed mutagenesis. I have also designed and 

transcribed sgRNAs, designed and optimized genotyping primers, and created four preliminary KO lines by 

injecting wildtype embryos with four different sgRNAs. These tools will allow me to further our understanding 

of how mutations in PPP1CB lead to disease. 

This research was made possible by the generous support of the Evnin '62 Molecular Biology Senior Thesis 

Fund. 
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Structure Activity Relationship Between hIDO1 and Sulfur-Containing Substrate Analogues 

K.J.E. Stiefel, M.T. Nelp, J.T. Groves 

Indoleamine 2,3-dioxygenase (IDO1) is a heme enzyme that oxidizes tryptophan to N-formyl kynurenine, 

which suppresses the proliferation of T-cells—making it essential in immunosuppression and a promising 

target for pharmaceutical therapies. Its over-expression inhibits proper clearing of cancerous cells while its 

under-expression is relevant to auto-immune disorders. Since IDO1 is only active in the ferrous state and is 

liable to fall into the inactive ferric state through autoxidation, the enzyme requires a reducing agent in cells 

to maintain activity: cytochrome b5 in cells, a mixture of ascorbate and methylene blue in the current 

standard activity assay, or (poly)sulfides in a newly discovered activating paradigm (JACS 2019, in 

revision). This work has identified a substrate analogue, 3-mercaptoindole (3MI), as a potent and selective 

IDO1 activating agent. To improve upon this activating functionality and to probe the undesirable inhibition 

caused by 3MI at higher concentrations, analogues of 3MI with a variety of functional groups at different 

positions were synthesized. Many of these products show robust activation of IDO1, even without rigorous 

synthetic optimization. Further characterization of IDO1 activation from these various 3MI derivatives will 

improve upon the already potent ability of 3MI. This research suggests that the scaffold of 3MI is a viable 

drug “warhead” warranting further development for the treatment of autoimmune diseases stemming from 

under-expressed or otherwise nonreactive IDO1. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 

 

 

 

Velocity during locomotion modulates mouse tail dynamics 

Xiaoting Sun, Ugne Klibaite, Samuel S.-H. Wang 

The effects of specific perturbations, such as disease or medication, are often visualized through model 

organism behavior. However, the study of such behavior has traditionally been qualitative and coarse. This 

limits our understanding of subtle differences such as those often seen in neurological disorders. Recent 

advances in computational analysis allow quantitative, unsupervised classification of behavior in C. elegans, 

D. melanogaster, and most recently, mice. Previous work has provided a thorough description of whole-body 

mouse behavior but has not considered mouse tail dynamics in detail nor how it relates to overall behavior. 

The tail has been neglected in both behavioral and tracking studies, despite qualitative evidence that it is 

involved in interesting behavior such as locomotion and aggression. Its highly deformable and narrow shape 

pose unique difficulties for analysis in freely-moving mice, and successful tracking has depended on specific 

set-ups that restrict movement. Custom automated tracking was developed and showed that the mouse tail 

is low-dimensional in shape. During periods of locomotion, both the primary frequency of tail shape oscillations 

and the power of that primary frequency increase as velocity increases. This pattern is also seen with limb 

oscillations, perhaps demonstrating stronger coupling or coordination of the tail and body at higher speeds. 

Future work will examine whether the tail has characteristic dynamics during other types of behavior, such as 

turning, rearing, and grooming, as well as whether the tail is predictive of behavioral transitions or simply 

reflects the current behavioral state. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics, as well as guidance from Ugne Klibaite, Joshua W. Shaevitz, and Samuel S.-H. Wang. 
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Investigating the Regulation of Cyclic GMP-AMP Synthase during Viral Infection 
 

Caroline Taber, Bokai Song, Ileana Cristea 
 

Proper detection of pathogenic molecular patterns is essential to initiating immune responses that 
serve to protect the cell. cGAS (cyclic GMP-AMP synthase) is one of the “first responders” that detects 
harmful viral DNA during infections. While its central signaling mechanism is well defined, the regulation of 
cGAS is largely unknown. Few reports have indicated that cGAS is regulated through post-translational 
modifications (PTMs), and our lab has recently discovered numerous previously unknown cGAS PTMs. In 
addition, although cGAS is known to have primary cytoplasmic localization, emerging evidences 
demonstrate that cGAS is also localized in the nucleus; however, the nuclear cGAS function remains 
undefined. This summer, my work aimed to address several questions regarding cGAS regulation and 
localization-dependent functions. Specifically, questions that explored are i) whether cGAS PTM levels 
change during active immune signaling, ii) whether PTMs affect cGAS functions, interactions, and 
localization, and iii) whether nuclear cGAS can induce immune signaling. In order to do this, I first generated 
stable cell lines for lysine acetylation sites, creating charge and uncharged mimics. I will in the coming 
months use these cell lines for cGAS PTMs quantification by targeted mass spectrometry and analyze their 
impact during viral as well as mock infections. I also generated a stable NLS Flag-cGAS, confining its 
functions to the nucleus, and this cell line will also be utilized in my upcoming research to understand cGAS 
nuclear functions. Furthermore, we will continue to identify novel PTM sites and characterize their impact in 
the viral immune response.  

 
This research was made possible by the generous support of the Evnin '62 Molecular Biology Senior 

Thesis Fund. 
 

 

 

Investigating Organismal Effects of SHP2 Mutations in Drosophila 

Katie S. Tam, Robert A. Marmion, Stanislav Y. Shvartsman 

The highly conserved Ras/ERK signaling pathway is present in both developing and adult tissues and controls 

cell fate decisions including differentiation, migration, and senescence. Activating somatic mutations of 

components in the pathway are common in cancers, while germline mutations cause a class of developmental 

disorders known as RASopathies. Noonan Syndrome (NS) is a RASopathy caused by gain-of-function 

mutations in the PTPN11 gene, which encodes the protein tyrosine phosphatase SHP2. Previously, 

Drosophila models of juvenile myelomonocytic leukemia (JMML) created via transgenic expression of strong 

mutations in corkscrew (csw), the orthologue of PTPN11, exhibited embryonic lethality. Our lab has generated 

homozygous flies using CRISPR/Cas9 that survive into adulthood and reflect levels of expression in disease 

states. Although much is known about the molecular mechanisms of SHP2 action, little work has been done 

on the impacts of SHP2 overactivation at the organismal level. We find that csw mutant females demonstrate 

significantly increased lifespan compared with wildtype flies, and that lifespan extension is not associated with 

reduced fecundity. However, csw flies exhibit reduced survival under conditions of starvation. Ras/ERK 

activity as measured by dpERK levels in the early syncytial embryo did not differ significantly, indicating that 

phenotypic changes may arise at adulthood or a later stage of development. These results seemingly conflict 

with previous work showing that longevity is promoted by a reduction of Ras/ERK activity and suggest 

complex roles for SHP2 in modulating processes key to ageing and stress response.  

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 
Genomics. 
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Investigating the Effects of Geometric Properties on Collective Cellular Behavior in Madin-Darby 

Canine Kidney Cells 

Yousuf Tariq-Shuaib, Mathew Heinrich, Tom Zajdel, Daniel J. Cohen 

Tissues heal and fill gaps through two main processes – the formation of leader cells and collective 

migration. Migration is where cells push out, effectively “zippering themselves up” whereas the formation of 

leader cells is characterized by “fingers” growing out and sealing wounds/gaps. By studying these 

processes, we hope to better understand wound healing, cancerous and cellular growths, etc. For our 

experimentations, we used Madin-Darby Canine Kidney (MDCK) cells. We hoped to understand how 

geometric features and cellular adhesions affect the growth of MDCK tissues. In line with these goals, we 

tested two widely-used bonding proteins on TC plastic, Collagen IV and Fibernectin and discovered faster 

growth on Collagen IV.  Furthermore, we tested the effects of different curvatures and shapes on growth. 

We found that the edge speed of negative curvature was slower than that of a straight edge (~34um/hr) and 

the edge speed of positive curvature was slower than both and that these speeds were affected by the 

angle of curvature. Additionally, the shape of a tissue seems to effect which process the tissue will heal by, 

potentially due to actin at the boundary of these tissues. This collective cellular behavior may help engineer 

treatments for cancer, tools to accelerate wound healing, improve cellular binding to prosthetics, etc.  

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 

 

Metformin As A Potential Parkinson’s Disease-modifying Agent 

Alp Tartici, Danielle Mor, Rachel Kaletsky, Salman Sohrabi, Will Keyes, Coleen Murphy 

Parkinson’s Disease (PD) is a progressive neurodegenerative movement disorder whose causes are largely 
unknown. Dopaminergic neurons are known to degenerate, and aggregation of alpha-synuclein protein in 
these neurons is the hallmark pathological feature of PD. We have previously linked the gene bcat-1, 
branched-chain amino acid transferase-1, with PD. bcat-1 encodes a mitochondrial enzyme that catalyzes 
the first step in branched-chain amino acid metabolism. We have observed severe curling motor dysfunction 
and neurodegeneration with bcat-1 RNAi-mediated knockdown in the neurons of C. elegans. In an effort to 
improve motor function in worms with bcat-1 knockdown, we previously screened 50 FDA-approved drugs 
with varying targets and found that the type-2 diabetes drug, Metformin, significantly reduces the curling 
dysfunction, down to 46% of the vehicle-treated controls. The current study aimed to identify the 
mechanisms by which Metformin improves motor function. We initially replicated and confirmed the motor 
function improvement with Metformin. Next, we established that dopaminergic neurodegeneration caused 
by bcat-1 knockdown is alpha-synuclein dependent and found that metformin has protective effects on 
dopaminergic neurites. To test if Metformin is neuroprotective by altering mitochondrial activity, we used 
TMRE staining and observed that bcat-1 knockdown increases mitochondrial activity. Our preliminary data 
suggest that metformin acts by correcting this imbalance. Also, protein-carbonylation staining as a measure 
of oxidative stress indicated a correlation between oxidative stress in dopaminergic neurons and curling 
phenotype . Paradoxically, earlier studies have demonstrated prolongevity effects caused by bcat-1 
knockdown. To investigate if these effects originate at mitochondria or are germline-dependent, we used a 
strain that lacks the germline, where the majority of mitochondria are located in the worm. We observed 
that germline-deficient strain did not demonstrate the prolongevity effects of bcat-1 knockdown, yet the 
curling effect remains elusive. With these new findings, metformin bears the promise to become the first 
disease-modifying drug for PD. 
 
This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Investigating Bilayer Stability in Myxococcus xanthus 

Hunter Thompson, Katherine Copenhagen, Joshua Schaevitz 

Myxococcus xanthus is a rod-shaped bacterial species characterized by unique behavior at the individual and 
colony level. At an individual level, a bacterium moves unidirectionally at a rate of approximately 5 μm/min 
and reverses its direction every few minutes. On the colony scale under high nutrient conditions, the bacteria 
exhibit a unique flow as a monolayer with defects allowing for the formation of holes and second layers of 
bacteria. As resources become scarce, the bacteria begin to form fruiting bodies, which are large clumps of 
bacteria stacking together in up to hundreds of layers.   
The goal of the current project is to investigate the stability of a bilayer given the size of the bilayer. The main 
hypothesis is that there is a critical bilayer size above which the bilayer remains stable, while bilayers not 
reaching this critical size reform a monolayer.  
A 3D laser scanning confocal profilometer is used to image the bacteria, and the height data indicates the 
number of layers formed. The dynamics of the bacteria is visualized by scanning the bacteria over the course 
of a few hours. Using MATLAB, the bilayers are tracked to determine how their size changed over time. 
Preliminary results seem to indicate that larger bilayers are more stable with a possible critical size on the 
order of hundreds of square micrometers. Future work would include other contributors to bilayer stability 
such as the presence of defects with the hopes of eventually connecting the dynamics of bilayer formation to 
full fruiting bodies.  
 
This research was made possible by the generous support of the Genentech Foundation and the Graduate 
School at Princeton University. 
 

Transition Metals as Working Electrode Supports for Cr-Ga Oxide Electrocatalyst in High-Efficiency 

Aqueous CO2 Reduction  

Bryan To, Michael Smith, Steven Tignor, Andrew Bocarsly, Sonja A. Francis  

To combat the dual problems of diminishing fossil fuels and increased atmospheric CO2 levels, 

electrochemical CO2 utilization has become a promising technique for both the production of chemical 

feedstocks and the mitigation of CO2 emissions. Recently, it was discovered that the production of up to 60% 

Faradaic efficiency for oxalate was possible through electrochemical CO2 reduction on a bimetallic Cr-Ga 

oxide catalyst supported on glassy carbon as the working electrode. Previous work has demonstrated that 

the catalyst support can affect catalysis, and thus we aim to evaluate the effect of metallic supports on Cr-Ga 

catalyzed CO2 reduction. Ni, Fe, and Ti were chosen because their sufficiently high melting points allow for 

thermal processing of the electrocatalyst. Therefore, the electrocatalytic properties of Cr-Ga thin films 

supported on the indicated metals were studied through electrolysis of CO2 in aqueous solution. The metal-

supported Cr-Ga oxide was characterized by scanning electron microscopy (SEM) and energy dispersive X-

ray analysis (EDX). Gas and liquid CO2 reduction products were quantified by gas chromatography and 1H 

NMR spectroscopy, respectively. Finally, oxalate was detected using 13C NMR spectroscopy. Compared to 

glassy carbon-supported catalyst, metal-supported catalysts still produced similar products but at variable 

Faradaic efficiencies and different electrolysis rates. These results demonstrate some sensitivity of bimetallic 

catalysts to different metallic supports and warrants mechanistic studies into the synergistic effects of 

electrode supports on CO2 reduction over bimetallic thin films. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. This research was also made possible through the funding from the National Science 

Foundation (NSF CHE-1800400).  
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Computationally Characterizing Putative Non-Canonical Splice Sites in Modern RNA-seq 
Experiments 

DeAndre Tomlinson, Evan Cofer, Olga Troyanskaya 

RNA splicing is a critical process in the maturation of RNA and creation of various proteins. RNA-sequencing 
(RNA-seq) experiments measure the expression of messenger-RNAs (mRNAs) and characterize their nucleic 
sequences. Nearly all RNA-seq library preparation methods use reverse transcriptases (RTase) to form cDNA 
from RNA. However, this method has limitations. For instance, RTases can cause unintended insertions and 
deletions in the cDNA according to an undefined error pattern. This can impede attempts to identify novel 
splice junctions in RNA-seq data. New library preparation methods for nanopore-based sequencing platforms 
can create long sequencing reads without the use of RTase during library preparation. Leveraging this 
technology, we compare RNA-seq libraries from Saccharomyces cerevisiae (i.e. Baker’s Yeast) generated 
with and without RTase. We use a splice-aware, long read aligner to map RNA-seq reads back to the yeast 
reference genome, and systematically evaluate the error profiles of the two libraries. To the best of our 
knowledge, this work is the largest evaluation of RTase-induced error profiles in RNA-seq to date, and our 
analysis of RTase-generated “splice junctions” is likely to have important implications in both biological and 
biomedical research. 

This research was made possible by the generous support of the Genentech Foundation 

 

 

 

 

 

Structural-biochemical analysis of SNARE assembly: interactions between HOPS subunits Vps16 
and Vps33, a Sec1-Munc18 (SM) protein, with the Qa SNARE Vam3 

Kalina N. Tsolova, Sarah A. Port & Frederick M. Hughson 
 

The formation of, and communication between, membrane-bounded compartments within metazoan cells 
both require membrane fusion. Membrane-bridging SNARE complexes are essential catalysts of fusion, but 
their spontaneous assembly is inefficient without SM proteins and membrane tethering complexes. The 
mechanisms through which SNAREs, SM proteins and tethers cooperate for rapid fusion remain enigmatic. 
A structural framework to study the interplay of this membrane fusion machinery during the assembly of 
SNARE complexes is provided by the homotypic fusion and protein sorting (HOPS) complex. Previous reports 
indicate that the N-terminal domain (NTD) of Qa SNARE Vam3 binds the region in the HOPS complex where 
Vps16 and the SM protein Vps33 are located. Qa SNAREs have homologous sequences with regulatory 
NTDs which generally adopt a closed conformation that binds SM proteins. Despite previous reports that 
yeast Vam3 does not adopt a closed conformation, recent single molecule experiments with Chaetomium 
thermophilum Vam3 suggest otherwise. Therefore, the current study aims to dissect the interactions of Vam3 
with Vps33 and Vps16. Fragments comprising different Vam3 domains from C. thermophilum were 
recombinantly expressed and purified. We are characterizing the interactions between the different Vam3 
domains, Vps33 and Vps16 by biochemical binding assays and X-ray crystallographic analysis. A screen with 
786 conditions identified 9 potential crystallization conditions for the Vam3 NTD. Furthermore, the contribution 
to the binding affinity of each Vam3 domain to Vps16 and/ or Vps33 will be quantified using isothermal titration 
calorimetry. Successfully completing these objectives will provide insight into how tethers and SM proteins 
chaperone SNARE assembly.  
 
This research was made possible by the generous support of the Evnin '62 Molecular Biology Senior Thesis 
Fund. 
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Investigating the mechanism of cytoplasmic receptor tyrosine kinase signaling 

Giselle Uribe, Elliot Dine, Whitney O. Warren Jared Toettcher 

Receptor tyrosine kinases (RTKs) are a family of transmembrane receptors that activate signaling 

cascades to control cell proliferation, differentiation and growth. The classical model states that upon ligand 

binding, RTKs become dimerized leading to autophosphorylation and recruitment of downstream effectors 

to activate various signaling pathways, including the Ras/Erk mitogen-activated protein kinase (MAPK) 

pathway. In cancer, mutations in RTK structure and localization can lead to constitutive activity of these 

pathways even in the absence of ligand. Some of these mutations lead to changes in receptor localization, 

turning a membrane kinase into a cytosolic-localized kinase fused to a higher-order oligomer clustering 

partner. However, how cytosolic receptors are able to activate downstream signaling remains poorly 

understood. To further investigate this question, we have created cytosolic versions of these receptors that 

are fused to an optogenetic construct that oligomerizes in response to blue light. Through our system, we 

found that some receptors are able to signal from the cytosol, such as fibroblast growth factor receptor 

(FGFR), and others are only able to signal when bound to the plasma membrane, such as epidermal growth 

factor receptor (EGFR). Interestingly, we find that although EGFR does not trigger downstream signaling, it 

auto-phosphorylates in response to oligomerization which is generally thought to be the first step in MAPK 

activation. We predict that these differences in signaling arise from contact with downstream adaptor 

proteins, such as FGFR’s interaction with membrane-bound fibroblast growth factor receptor substrate 2 

(FRS2). Subsequent experiments and analysis with our system will establish how various RTKs are able to 

induce and maintain MAPK signaling.     

This research was made possible by the generous support of the Rupert and Loretta Jones Molecular 

Biology Senior Thesis Fund.  

 

 

Microbes as architects: structured growth of Dictyostelium discoideum colonies 

Gabriel Toneatti Vercelli, Fernando Rossine, Corina Tarnita, Thomas Gregor 

Microbial communities play a central role in a variety of natural processes, which range from soil biomass 
decomposition to the onset of autoimmune diseases. Insights into these phenomena can be achieved by 
understanding how microbial communities stabilize. To reach equilibrium, these communities must balance 
their inter-species interactions with environmental factors. In forest soils, bacterial populations are often 
controlled by predators such as Dictyostelium discoideum, a free-living amoeba. Some soil bacteria, 
however, are not passive to this predation and use toxins to defend themselves. Here, we address two 
questions regarding this predator-prey interaction. (1) How does D. discoideum move through and consume 
bacteria? (2) How do bacterial toxins stop or delay the spread of a D. discoideum colony? Using the 
bacterium Escherichia coli as our prey, we show that D. discoideum colonies have three phases of 
structured growth with varying growth rates. We propose that signaling between the amoebae changes their 
growth pattern. This claim implies that collective behavior may be important for this amoeba’s development 
even before aggregation occurs. Furthermore, by adding Nystatin – a bacterial toxin – to the system, we 
simulate a bacterial defense. We find that the toxin introduces a lag in development rather than decreasing 
the growth rates of D. discoideum colonies. These results empirically answer our initial questions and lead 
us to think about an arms race between the effectivity of bacterial toxins and the growth rates of D. 
discoideum colonies. Thus, as a future direction, we are designing evolutionary experiments which target 
this idea and investigate how bacterial defense mechanisms modify D. discoideum’s growth strategies. 

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Investigating the Role of lncRNA-75 in TGF-β-Mediated Breast Cancer Metastasis  

Alice Vinogradsky, Fenfang Chen, Yibin Kang 

A breast cancer’s (BC) invasive and metastatic properties markedly influence not only its responsiveness to 
therapy, but also clinical outcomes in patients. Driving BC metastasis is the epithelial-to-mesenchymal 
transition (EMT), which confers migratory and invasive abilities to tumor cells and enables their dissemination 
to distant sites. Currently, long non-coding RNAs (lncRNAs) are emerging as key regulators of EMT. Defined 
as transcripts greater than 200 nucleotides in length that lack protein coding ability, lncRNAs can endow 
breast cancer cells with aggressive phenotypes and may therefore serve as biomarkers for diagnostic and 
therapeutic purposes. In our lab, genome-wide microarray and miRNA-lncRNA binding analyses identified 
lncRNA-75 as a novel lncRNA with functions in the transforming growth factor beta (TGF-β) signaling 
pathway, dysregulation of which contributes to a variety of pathologies. In BC, though TGF-β signaling exhibits 
tumor-suppressive functions, it is also a major inducer of EMT. Our preliminary findings indicate that lncRNA-
75 is upregulated in response to TGF-β treatment, suggesting that lncRNA-75 may negatively regulate TGF-
β. We thus predict that lncRNA-75 counters the early tumor-suppressive function of TGF-β and promotes 
primary tumor growth. In later disease stages, when TGF-β signaling can turn prometastatic, we expect 
lncRNA-75 to reduce a tumor’s metastatic potential. To further investigate the lncRNA-75 mechanism in TGF-
β-mediated BC progression, we are performing cell proliferation, transcriptional gene expression, and 
immunoprecipitation assays. Through immunoprecipitation specifically, we aim to characterize the lncRNA-
75 interaction with RNA-binding protein YBX1. By elucidating the function and molecular mechanism of 
lncRNA-75 in TGF-β-mediated breast cancer progression, we can uncover novel targets for cancer 
therapeutics. 

This research was made possible by the generous support of the Hickok Molecular Biology Senior Thesis 
Fund. 

 

 

 

 

Investigation of Ca2+ indicator kinetics to improve neuron activity measurement 
 

Minglu Wang, Gerard Joey Broussard, Samuel S.-H. Wang  
 

Neuron activity is indicated by electrical impulses called spikes. Accurate detection of when spikes occur is 
therefore crucial for understanding neural function. To track when neurons emit spikes, spike-dependent 
calcium influx can be detected by fluorescent calcium indicators, e.g. Green fluorescent protein/Calmodulin 
protein sensors (GCaMPs). However, there are two major obstacles for inferring when spikes occur using 
GCaMP fluorescence. One is the relatively slow kinetics of current GCaMPs disenable them to provide real-
time readout of cellular calcium levels. The other is the lack of accurate models that characterize the 
conversion from GCaMP fluorescence to calcium concentrations. In this study, I made measurements of 
GCaMP response to steps in calcium levels to characterize the speed of our novel fast-GCaMPs. This was 
the first time to measure GCaMP response under physiologically relevant calcium concentrations in vitro. I 
found that fast-GCaMPs kinetically outperform the state-of-the-art GCaMPs from which they were derived. 
This might allow resolution of high-frequency spike of individual neurons in the future. My dataset also 
indicates that published models of GCaMP fluorescence production fail to account for probe response to 
physiologically relevant transitions of free calcium. Next, we will test if my dataset can fit models that more 
accurately describe the calcium binding process of GCaMPs. Collectively, our results will advance the use of 
GCaMPs for spike inference by providing faster GCaMP sensors and models which accurately infer neuronal 
spikes from observable fluorescence transients. 
 

This research was made possible by the generous support of the Department of Molecular Biology. 
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Mutation in FoxP transcription factor selectively disrupts Drosophila melanogaster pulse song 
 

Brandon Ward, Shruthi Ravindranath and Mala Murthy 
 

The neural and genetic mechanisms underlying acoustic communication are not yet well-understood. An 

advantageous model system to uncover these mechanisms is Drosophila melanogaster for two reasons: 1) 

their neurons and neural circuits can be precisely manipulated and 2) they exhibit a well-studied courtship 

behavior where males produce patterned song of two types, pulse and sine, through wing vibration. In 

investigating genetic components underlying communication, the transcription factor FoxP2 arises as a 

potential candidate because FoxP2 mutations in humans are often associated with people with severe 

developmental speech disorders. Previous studies in other organisms have also suggested FoxP2’s role in 

acoustic communication as modulating song in songbirds and ultrasonic vocalizations in mice. From this 

information, we hypothesized that FoxP2’s homolog in D.melanogaster, FoxP, plays a similar role in the 

patterning of courtship song in male flies. We utilized high-throughput audio recording and song 

segmentation software to characterize differences between the song patterning of FoxP mutant males and 

wild-type males. Preliminary analysis suggests that the song of these FoxP mutant males contains fewer 

occurrences of pulse song overall but little difference in sine song production indicating selective control of 

song by FoxP. In the future, we will utilize a UAS>RNAi line to knock down FoxP expression in neurons 

specific to pulse song production to determine within which neurons and neural circuits FoxP functions. We 

also plan to utilize tracking software in the prediction and analysis of behavioral patterning to look into a 

potential role of FoxP in behavior during courtship. 

This research was made possible by the generous support of the Berry '21 Molecular Biology Senior Thesis 

Fund. 

 

The Effect of Substrate Stiffness on the Motility of Myxobacteria 

David Weisberg, Endao Han, Joshua W. Shaevitz 

Myxococcus xanthus are incredible organisms with several distinct behaviors not fully understood, among 

these are social motility, which is the type of motility the bacteria use when they are in groups, and 

adventurous motility, which is the type of motility a bacterium uses when it is isolated. With these different 

motility systems they can aggregate into well-organized monolayers, form multiple distinct cell layers, and 

form fruiting bodies. In this investigation it was explored whether the substrate stiffness affects the motility. 

By observing the motion of wild-type myxobacteria in varying concentrations of agarose in both nutrient-poor 

and nutrient-rich substrates, it was possible to measure the effects of the differing agarose concentration on 

the speed. This can be further understood through testing mutants with one of the motility mechanisms 

knocked out, as well as using a substrate such as PAA that isn’t as structurally various as Agarose at lower 

concentrations, such as bigger pore size, which potentially overpowers any stiffness effects. Other instructive 

observations included the effects between a nutrient-poor and nutrient-rich pad, comparisons of speeds 

between social and adventurous motility, and the significant effects of the lower concentration Agarose on the 

gel’s surface structure and those effects on the motility of the bacteria. This experimentation is significant 

because it is not well understood how the substrate stiffness plays a role in the mechanical efficiency of the 

motility.  

This research was made possible by the generous support of the Lewis-Sigler Institute for Integrative 

Genomics. 
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Investigating a novel role for MOF in Drosophila early embryo development 

Autumn Weyant, Maggie Colonnetta, Girish Deshpande, Paul Schedl 

 

The maternal-to-zygotic transition (MZT) is a highly conserved aspect of early embryonic development in many 

species of multicellular eukaryotes. During the MZT, maternally deposited genetic factors are gradually degraded 

in coordination with zygotic genome activation (ZGA). This allows for further embryonic development to be 

controlled by the zygote. In Drosophila, ZGA is completed concurrently with cellular blastoderm formation around 

3 hours post fertilization, though the cellular mechanisms involved in this process are not fully understood. Previous 

findings in Drosophila identified maternally deposited transcription factors, Zelda and GAGA Factor, as necessary 

temporal regulators of ZGA. Our lab recently showed that CLAMP, a protein originally found as a member of 

Drosophila dosage compensation machinery, acts as a ZGA regulator as well. This novel role for CLAMP was 

confirmed by characterizing early embryos compromised for CLAMP, GAGA Factor, or Zelda. This research 

investigates the hypothesis that MOF – a H4K16 specific histone acetyltransferase essential for dosage 

compensation – may also regulate ZGA. Similar to experimental methods used to investigate CLAMP in this 

context, this research will use pre-blastoderm embryos compromised for MOF. These embryos will be stained for 

early expressed patterning genes to observe whether phenotypic similarity exists between embryos knocked down 

for MOF and those of other ZGA regulators. Further research is necessary to fully characterize early embryonic 

phenotypes of MOF-compromised embryos in order to conduct this comparative analysis. Current embryos imaged 

confirm successful MOF RNAi knockdown and show some similarity to phenotypes of CLAMP compromised 

embryos.  

This research was made possible by the generous support of the Rupert and Loretta Jones Molecular Biology 

Senior Thesis Fund. 

 

Modeling the CO2-Concentrating Mechanism in Chlamydomonas reinhardtii 

Alexandra Wilson, Chenyi Fei, Weronika Patena, Niall Mangan, Ned Wingreen, Martin Jonikas 

 Due to population growth and dietary shifts, larger crop plant yields are needed to provide food to people across 

the globe. While many advances in crop yields have reached theoretical plateaus, improving the efficiency of 

photosynthesis remains a novel path forward. Limits to photosynthetic efficiency revolve around ribulose-1,5-

bisphosphate carboxylase/oxygenase (Rubisco), the enzyme responsible for fixing carbon in photosynthetic 

organisms. Rubisco maintains a slow catalytic rate and catalyzes a competing reaction with oxygen that is wasteful 

to the organism. Some organisms, including cyanobacteria and the eukaryotic alga Chlamydomonas reinhardtii, 

have CO2-concentrating mechanisms (CCMs) that increase the efficiency of Rubisco by increasing the 

concentration of CO2 near the enzyme. The Jonikas Lab plans to engineer the Chlamydomonas CCM into higher 

plants with the goal of increasing carboxylation efficiency. To guide this process, here we have created a 

reactiondiffusion model of the Chlamydomonas CCM. The model employs variable parameters to answer key 

questions about CCM operations. We have found that without any transport of bicarbonate, CO2 is not 

concentrated near Rubisco, while we achieve carbon concentration when we add unidirectional active bicarbonate 

transport. In addition, as the rates of active transport increase, the model chloroplast can fix more carbon through 

the action of Rubisco, but it also loses more carbon as CO2 leaks from the chloroplast. To counteract this efficiency 

loss, we will attempt to rescue the model phenotype by adding a biologically hypothesized carbon capture system 

into the chloroplast stroma. In the future, the model can be used to guide the CCM engineering process and 

discover new insights into the behavior of Chlamydomonas.   

 This research was made possible by the generous support of the Evnin '62 Molecular Biology Senior Thesis Fund. 
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Genome-Wide CRISPR Screen in a 3D Tumor Spheroid Model  
Identifies Tumor Suppressor Genes in Breast Cancer 

 

Lillian Xu, Zheng Sun, Zhuo Li, Yibin Kang 

Breast cancer is one of the most common causes of cancer-related deaths in women worldwide. Currently, studies of 

the molecular mechanisms underlying breast cancer progression largely rely on conventional 2D monolayer cell cultures. 

However, these models often fail to accurately recapitulate key in vivo cell-cell interactions and gene expression profiles, 

and are thus incapable of mimicking the complexity and heterogeneity of clinical tumors. Here, we established a genome-

wide CRISPR/Cas9 knockout screen in a 3D tumor spheroid model to identify tumor suppressors in human triple-

negative breast cancer cells. We transduced the Cas9-expressing cells with the CRISPR knockout pooled Brunello 

library in three independent replicate experiments. Following selection, the pooled cell population was cultured in either 

2D or 3D growth conditions. To identify genes where loss of function confers a proliferative phenotype, we used deep 

sequencing of collected samples to investigate sgRNA representation. The MAGeCK aRRA algorithm was applied to 

find significance in enrichment or depletion of the more than 19,000 library target genes. Our analysis resulted in 168 

significantly enriched genes in the 3D tumor spheroid screen. Interestingly, many of these genes have not been 

previously reported as tumor suppressors, and are thus attractive candidates for further characterization. Moreover, 

STRING analysis of these genes revealed major pathways involved such as Nrf2-mediated antioxidant response and 

PI3K-AKT-mTOR signaling. Future studies will individually validate the top hits through various in vitro and in vivo 

functional assays. Overall, the 3D tumor spheroid model provides a promising platform to systematically and efficiently 

identify tumor suppressor genes.    

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior Thesis Fund. 

 

Mapping neural cell types identified via single-cell transcriptomics in the proto-vertebrate Ciona intestinalis 
 

Peter Yoon, Laurence Lemaire, Chen Cao, Michael Levine 
 

The larval tadpole of the ascidian Ciona intestinalis, a chordate sibling of vertebrates, has emerged as a powerful model 

system for neurobiology. For instance, Ciona stands out among chordates in having a complete larval connectome that 

maps the neural connections within its nervous system. Further extending the utility of Ciona is the comprehensive 

single-cell transcriptomes of cells spanning the entirety of the organism’s development we have recently reported that 

includes an extensive single-cell transcriptomic profile of the larval nervous system. The single cell transcriptomic data 

identified 20 neural cell types in the larval brain (or brain vesicle), although the larval brain is composed of merely ~100 

neurons. The central aim of this study is to map out the Ciona larval brain by integrating the transcriptomic profiles of 

individual neural cell types to the connectome. Here we describe the current progress made on three different neural 

cell types, Hedgehog2+, Six3/6+, and Lox5+ cells. Analysis of transcriptomic profiles of each of the neural subtypes 

suggested that Hedgehog2+ and Six3/6+ cells are neuroglial while Lox5+ cells are neuronal. To map the location of 

these cells in the larval brain, we used reporter gene fusions of marker genes enriched in each cell type and found neural 

cells that may correspond to each of the cell types. Currently we are working to validate these findings by examining 

whether reporters for different marker genes of the same neural cell type colocalize. In addition, we are working to 

elucidate the precise identity of the neural cell types within the larval connectome. Following this, we will annotate the 

neural circuits predicted by the connectome on the basis of the transcriptomic profiles of the neural cell types implicated 

in the circuit. This study will serve as a substrate for future neurophysiological studies, and give insight into the 

evolutionary origins of vertebrate neurons.  

This research was made possible by the generous support of the MolBio Summer Senior Thesis Fund. 

 



  

 

 

49 

 

 

Investigating the Mechanisms of Stripe Patterning in Spermophilus tridecemlineatus 

Lydia M. Zhong, Matthew R. Johnson, Ricardo Mallarino 

Animal periodic color patterns, such as zebra stripes or leopard spots, represent some of nature’s most 
distinguishable phenotypes. In rodents, periodic pigment patterns have independently evolved in species from 
distantly-related families, a classic example of convergent evolution (the independent acquisition of similar 
traits). A previous study identified a set of genes and regulatory elements implicated in patterning the stripes 
of African striped mice (Rhabdomys pumilio) during development. However, it remains unknown whether 
these mechanisms are unique to the African striped mouse or are also responsible for patterning the stripes 
of other rodents. Here, I have investigated this question by first performing transcriptomic analyses of different 
skin regions of the thirteen-lined ground squirrel (Spermophilus tridecemlineatus), a rodent with a periodic 
pattern consisting of alternating dark and tan stripes with a line of tan spots within each dark stripe. I found 
over 40 genes were significantly differentially expressed between dark and tan stripes, some of which have 
known roles in pigmentation (e.g., Asip, Mc1r). To understand the molecular mechanisms by which these 
genes are differentially expressed, I used chromatin-profiling approaches to identify active/repressed cis-
regulatory regions in the different stripes. Preliminary analyses have revealed regions of the genome 
differentially enriched with H3K27me3 between stripes. Uncovering the transcriptomic and epigenomic 
mechanisms by which stripes are formed in the thirteen-lined ground squirrel will allow me to determine 
whether certain loci are repeatedly selected across independently-evolved species to achieve similar 
phenotypes or whether there is higher flexibility in the relationship between genotype and phenotype.  

This research was made possible by the generous support of the Crecca '46 Molecular Biology Senior 

Thesis Fund. 


