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Investigation of the Role of m6A Modifications on Interferon-β RNA 
Daniel Beard, Keith Berggren, Alexander Ploss 

The most common and well-studied RNA modification is m6A, or methylation of the N6 position of adenosine. 
A set of proteins including METTL14, termed m6A writers, form the methyltransferase complex which places 
this modification. Other proteins recognize m6A within RNAs (readers) or remove it (erasers). Previous studies 
have shown that m6A is involved in many fundamental processes across diverse organisms. It has been 
demonstrated that there are m6A modifications on mRNA encoding interferon-β (IFNB, IFNB is critically 
involved in antiviral defenses. Prior studies showed that a nonspecific m6A knockdown via deletion of 
METTL14 (writer) stabilizes IFNB RNA and increases IFNB production by preventing degradation of IFNB 
mRNA. The effect of specific deletion of m6A modification of IFNB RNA has not been elucidated yet. We aim 
on using a fusion protein of a catalytically dead Cas13 (dCas13) fused to the m6A eraser FTO to specifically 
demethylate the three m6A sites on IFNB RNA both in vitro and in vivo. Based on previous literature, we 
expect that specific deletion of m6A modification on IFNB mRNA, shown through IFNB mRNA levels in total 
RNA and m6A enriched RNA, will lead to prolonged IFNB response after stimulation both in vitro and in vivo 
when measured via qPCR. The results from this investigation may lead to the development of therapeutic 
application.  
This research was made possible in part by the generous support of the Elkins Family Senior Thesis Fund. 
Research in Ploss laboratory is funded in part by grants from the National Institutes of Health (R01 Al138797, 
R01Al107301, R01Al146917, R01Al153236), a Research Scholar Award from the American Cancer Society 
(RSG-15-048-01-MPC to A.P.), a Burroughs Welcome Fund Award for investigators in Pathogenesis 
(101539), and funds from the US Department of Defense (W81XWH1810237) and Princeton University.  

Using X-Ray Crystallography to understand the role of Vps18 in the HOPS Complex 
Mina Beshy, Jaden Shirkey, Fred Hughson 

Membrane fusion is required for transport of material between organelles and to the extracellular space in 
eukaryotic cells. SNARE proteins anchored across the membranes facilitate fusion by zippering into four helix 
bundles, which brings the membranes close together. Although SNAREs are necessary and sufficient for 
membrane fusion, they function slowly without the aid of other proteins. Therefore, additional protein 
machinery like Rab GTPases, their effector tethering proteins, and Sec1/Munc18 (SM) proteins catalyze the 
reactions. The functions of tethering proteins and SM proteins can be coupled in a single, multisubunit protein 
complex. One example is the HOPS complex which contains two Rab-binding tethering proteins and an SM 
protein, Vps33, as a part of its six-subunit complex. HOPS tethers the membranes set to fuse by binding 
membrane-embedded Rabs using the Rab-binding subunits. Following tethering, HOPS’ SM protein subunit, 
Vps33, catalyzes membrane fusion by assembling a trans-SNARE complex. However, the precise 
mechanism by which HOPS is activated to catalyze SNARE assembly using Vps33 is still being studied. 
Structural biology is one method that has been used to gain insight about HOPS’ mechanism of action. An 
unpublished cryoEM structure of the HOPS complex core subunits (Vps33, Vps16, and Vps18) shows that 
one of Vps33’s SNARE binding regions is occupied by Vps18. The structure inspired the hypothesis that 
Vps18 is an allosteric regulator of Vps33 function. To test the hypothesis, mutations can be made at specific 
Vps18 residues to disrupt the interaction with Vps33 and empty the SNARE binding region. However, the 
electron density map that was used to create the cryoEM structure had a resolution of 5 Å, so it is possible 
that the Vps18 structure was fitted into the map imprecisely. Therefore, Vps18 may not be positioned correctly 
in relation to Vps33. The purpose of this study is to obtain a 2-3 Å crystal structure using x-ray crystallography 
instead of cryoEM. The new structure will be used to confirm the current model and to find specific amino acid 
interactions between the two subunits that can be mutated in efforts to disrupt the Vps33:Vps18 interaction. 
This research was made possible by the generous support of the Evnin '62 Senior Thesis Fund. 
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Abstract 
Christian Brown, Fred Hughson 

 
Vesicular trafficking is carried out within the cell due to the organized interaction of many cytoskeletal and. The 
focus of this paper is the very last step in vesicular trafficking; this being vesicle fusion at the target. This 
process is carried out by soluble N-ethylmaleimide sensitive factor attachment protein receptors (SNAREs) 
which are the necessary machinery for inducing membrane fusion. SNARES accomplish this by forming a 
SNARE complex, which involves the combination of four membrane-bound SNARE proteins into a 4 α-helical 
bundle that torsionally brings two membranes in proximity to induce fusion. SNARE proteins are capable of 
this process alone, but it occurs at a very slow rate without other cell machinery. Yet, neurotransmitters are 
transported into the synaptic cleft of neurons in fractions of a second. Cells utilize Sec1/Munc18-like (SM) 
proteins that expedite this fusion process by speeding up SNARE complex formation. Unfortunately, the field 
has a limited index of quality structures to inform us on how, mechanistically, SM proteins bind with and 
assemble SNAREs. The SM protein Sly1 has only one published crystal structure in complex with only a 
portion of its target SNARE protein named Sed5. As well, it has been shown to interact with another SNARE 
protein Ufe1 which does not have an associated crystal structure. As such, this study seeks to produce a more 
complete structure of Sly1 containing an entire SNARE protein, that being either Sed5 or Ufe1. These 
structures will bolster the index of available SM structures and provide insight into their exact mechanism. 
This research was made possible by the generous support of the Pitts '63 Senior Thesis Fund. 
 
 
 
 
 

 
Examining the Role of Cfap298/Kurly in the early zebrafish embryo 

Tyler Bruno, Marvin Cortez, Rebecca Burdine 
 
 
Polarized cell processes, such as those that allow for the coordinated movements of the cells of the zebrafish 
embryo, are important for proper development. Kurly (c21orf59) is a protein previously identified for its role in 
maintaining polarization and proper function of motile cilia. However, Kurly is heavily maternally deposited in 
zebrafish embryos lacking motile cilia, suggesting that it may function in polarized developmental events in the 
absence of cilia, particularly in the early embryo. We hypothesize that Kurly interacts with microtubule-based 
structures such as the centrosome to establish and maintain polarized cell functions. To explore this 
hypothesis, we plan to examine Kurly’s role in zebrafish embryonic development using both genetic and 
biochemical techniques. Localization of Kurly within the early zebrafish embryo was investigated using an 
antibody, and phenotypic effects of Kurly knockdown in early stages were examined. To gain additional insight 
into possible roles of Kurly, proteins that interact with Kurly during early embryogenesis will be identified. We 
found that the Kurly antibody was inefficient in binding Kurly in zebrafish and plan to endogenously tag kurly 
with a marker to further elucidate its localization. This investigation of Kurly will bridge gaps in our 
understanding of how Kurly functions in development and in polarized cell behaviors. Additionally, as Kurly 
mutations are associated with human disease, this study will provide insight into how loss of Kurly contributes 
to disease phenotypes. 
This research was made possible by the generous support of the Susan W. and James C. Blair ’61 P87 
Endowed Senior Thesis Fund. Special thanks to the Burdine Lab for guidance and discussion and Phil 
Johnson for fish care.  
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Understanding Wnt Signaling in Ciona intestinalis Early Development 
Emily Chavarria, Nicholas Treen, Michael Levine 

 
Successful differentiation and specialization of cells within complex organisms is heavily reliant 
on cell-cell signaling. One of the key signaling pathways during development is the Wnt 
pathway; previous studies have established its role in cell polarity, migration and even in the 
development of organs such as the heart. Although Wnt is a well-known and conserved 
signaling pathway, there remains a gap in understanding its repression. Previous work done on 
Drosophila has found that different component within Wnt’s destruction complex form what 
appear to be liquid phase condensates. We hypothesized that repression of Wnt is associated 
with the formation of liquid phase condensates. To further understand the method of repression 
in Wnt signaling we take advantage of early Ciona intestinalis embryonic development and 
visualized different components of Wnt’s destruction complex during its 110 cells stage. We 
utilized constructs of genes within the destruction complex, fused to fluorescent proteins and 
imaged these to observe for the formation of liquid condensates. Initial imaging results of 
Dishevelled, a key mediator in the pathway, have confirmed the formation of liquid phase. 
Future direction will observe how the condensates are affected when Wnt signaling is 
manipulated. 
This research was made possible by the generous support of the Pitts '63 Senior Thesis Fund. 

 

 

 

 
 

Evaluating exponentially growing Escherichia coli as a pseudo-steady state 
Eli Costa, Alex Johnson, Meera Gupta, Ned Wingreen, Martin Wühr 

 
To survive and increase their evolutionary fitness, cells must adapt to changing environments by 
altering their proteomes. Globally, protein levels are determined by three key parameters of the 
central dogma of molecular biology: mRNA levels, protein translation rates, and protein 
degradation rates. Measurements of translation and degradation have only recently become 
experimentally accessible and remain limited to steady state systems. Because studying changes 
in these central dogma parameters between steady states may allow for a more in-depth 
understanding of transitions from one state to another, the identification and description of new 
steady states is important for understanding cellular responses to environmental perturbations. 
Here, to study a transition from slow, nutrient limited growth to exponential growth in Escherichia 
coli, we investigate whether the exponentially growing E. coli meet the criteria for a pseudo-steady 
state. We serially dilute a culture of exponentially growing E. coli (ensuring that excess nutrient is 
always present) while periodically sampling bacteria from the culture. The relative proteomes of 
these samples will then be compared using quantitative multiplexed mass spectrometry to ensure 
that the proteome is constant during exponential growth. If the proteome is constant, exponentially 
growing E. coli are in steady state and protein translation and degradation rates can be measured. 
This would indicate that an in-depth and detailed study of protein levels and central dogma 
parameters during a transition to this state is possible.  
This research was made possible by the generous support of the Lewis-Sigler Institute for 
Integrative Genomics. 

 
 
 



2 

 

CBASS as a Model for Locating Novel Bacterial Defense Systems 
Mary Davis, Jaime Lopez, Mohamed Abou Donia, Ned Wingreen 

 
Bacteria have evolved a variety of defense systems to protect themselves from bacteriophage 
attack. Assorted methods have been developed to determine the prevalence and diversity of 
well-known defense systems such as CRISPR-Cas. More recently discovered systems, such as 
the novel cyclic-oligonucleotide-based anti-phage signaling system (CBASS), have often been 
quantified using a single method, with limited data replication. I hypothesize that employing PSI-
Blast to curate customized protein families will improve the specificity with which CBASS is 
located, while reliably replicating the results of previous CBASS quantifications. CBASS 
systems are a form of suicidal immunity, in which bacterial cells detect phage infection and 
activate cell death before phage replication. CBASS consists of, at minimum, one of several 
types of cyclase which detects cell infection and an effector which triggers cell death. By 
beginning with currently used protein families and taking only sequences in those families that 
locate a cyclase and effector in proximity to one another, it is possible to construct a curated 
database for the discovery of the cyclase and effector proteins in CBASS.  This database will 
facilitate more specific detection of CBASS. Furthermore, this method can be readily expanded 
to determine the prevalence of many recently discovered bacterial defense systems. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
 

 
Tagged ZAP70SH2 Domain Binding to Phosphorylated ITAM Sequence in Mammalian 

Cells Reveals Live Imaging Biosensor for Receptor Tyrosine Kinase Activation Patterns 
Kaylan Fomby, Payam Farahani, Jared Toettcher 

 
Receptor tyrosine kinases (RTK) are transmembrane proteins whose extracellular domains bind 
to a ligand to trigger an intracellular phosphorylation cascade to activate key signaling 
pathways. There is a general understanding of their function as well as the structural 
components of which they are formed, but the association between RTK activation levels and 
cell signaling patterns has not yet been discovered. One key obstacle to studying this 
association has been the lack of biosensors to detect RTK activation. This project seeks to 
construct and validate a generalizable biosensor that can detect unique RTK activation patterns 
at the cell membrane. To do this, a compilation of experiments focus on cloning plasmids 
containing a 2-part activation detection system: a tagged tandem SH2 domain known for binding 
phosphorylated RTKs, and a corresponding RTK containing an immunoreceptor tyrosine-based 
activation motif (ITAM) sequence, capable of recruiting SH2. Mammalian cells containing the 
tagged SH2 domains are infected with lentivirus to express RTK-ITAM constructs, and the 
biosensor is tested by highly concentrated ligand stimulation under confocal microscopy live 
imaging. The system is applied to EGFR1 for all six ITAMs, and results show the anticipated 
localization of SH2-bound proteins to the cell membrane for each biosensor. A clear period of 
delocalization followed upon the introduction of a concentrated inhibitor. Initial testing of an 
FGFR-ITAM biosensor failed to show a similar localization upon ligand stimulation. More 
experiments to test other RTKs like VEGFR and NGFR and a more reliable FGFR construct are 
in progress. These findings point to a new way of tracking RTK activation, opening the door for 
discovering the web of RTK activation patterns that lead to signaling pathway patterns observed 
in mammalian cells. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
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Applying Novel Transsynaptic Neurotropic Viral Methods to Trace the  
Cerebello-Nucleo-Olivary Circuit 

Samuel Frank, Gerard Broussard, Samuel Wang 
 
The cerebellum is an important component of both motor and cognitive functions that have been 
implicated in many neurological conditions. Information processing within this structure is 
hypothesized to occur within a tight cellularly closed tri-synaptic loop across the cerebellar 
cortex (CC), cerebellar nuclei (CN), and inferior olive (IO). Using a novel viral tracing technique, 
we will test this closed loop hypothesis. Our approach uses a set of recombinase dependent 
Adeno-associated virus (AAV) tracers that infect populations of synaptically connected neurons 
within the CC-CN-IO loop starting from a small population of Purkinje Cells in the CC. Initial data 
shows that infecting small populations of starter Purkinje cells in the CC is indeed possible. In 
addition, we found that individual recombinase dependent viruses can indeed be activated by 
recombinases in vivo. Following these initial validation steps, we injected mice with the 
complete tracing system. Following incubation, processing, and analysis, we will be able to 
analyze the distribution of cellular connections across this loop. By looking at this distribution we 
will be able to directly test the closed loop hypothesis, therefore refining our understanding of 
how important motor and cognitive computations are made within the cerebellum.  
This research was made possible by the generous support of the Berry '21 Molecular Biology 
Senior Thesis Fund. 
 
 
 

 
 

Mechanisms of Asymmetric Cell Division in the Early Mammalian Embryo 
Zsombor Gal, Eszter Posfai 

  
Preimplantation development features the segregation of trophectoderm (TE) and inner cell 
mass (ICM) progenitors in the mammalian embryo. The polarity model of TE-ICM specification 
attributes the differential activation of Hippo signaling in cells of the 16-stage embryo and 
beyond, which is directly linked to TE or ICM fate, to the presence or absence of apicobasal 
polarity. Asymmetric inheritance of the apical domain at the 8-16 cell transition, which yields 
polar and apolar daughter cells, is the foundation of the polarity model, but a recent 
investigation of canonical apical domain components has suggested the apical domain is 
disassembled before cytokinesis. How then are polar and apolar daughter cells formed? I 
hypothesize that one or more components of the apical and/or basolateral domains are 
asymmetrically inherited at the 8-16 cell transition to drive TE-ICM lineage specification. This is 
being tested via live cell imaging of mitotic divisions of single 8-cell stage blastomeres, which 
provides a reduced system for the 8-16 cell transition. My findings will elucidate the 
mechanisms by which asymmetric inheritance of apicobasal polarity is achieved to initiate TE-
ICM specification and potentially refine the polarity model. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
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Optimized selection of CRISPR-Cas13 gRNAs for targeted degradation of sra and 
spir mRNAs in the Drosophila germ granules 

Zoya Amir Gauhar, Elizabeth Gavis 
 
Decisions between germline and somatic cell fates occur early in development. In Drosophila, the 
germ cell progenitors form at the posterior pole of the embryo and are called pole cells. These 
cells contain a maternally-derived cytoplasm called the germ plasm. Here, mRNA-and-protein-
rich clusters, the germ granules, house maternally deposited mRNAs. The functions of many germ 
granule mRNAs are unknown, as targeted knockdowns remain a challenge. We selected two 
transcripts shown to localize to Drosophila germ granules, sarah (sra), which encodes 
Calcipressin, and spire (spir), which encodes an actin nucleator, to investigate their function in 
pole cell development. We will use the CRISPR-Cas13 system to conduct targeted knockdowns 
of these germ granule mRNAs at different developmental time points. We hypothesize that the 
proteins encoded by these germ granule mRNAs promote pole cell formation and/or migration. 
To verify target transcript localization in germ granules, we performed an RNA in situ 
hybridization. In preliminary experiments, sra mRNA was detected, albeit weakly, at the posterior 
pole in very early embryos and in the pole cells at later stages, while spir mRNA was undetectable. 
The template was not oriented in the plasmid as we previously thought, which resulted in an 
incorrect RNA polymerase being used to make the spir probe. We will repeat the experiment, 
using the correct polymerase for spir probe synthesis, and higher concentrations of probe for both 
mRNAs. For targeted knockdown of germ granule mRNAs by Cas13, we designed guide RNAs 
(gRNAs) to be expressed in transgenic flies alongside Cas13. To balance efficient mRNA 
degradation and limit off-target degradations, we designed three unique gRNAs per target 
transcript. The gRNAs were selected using criteria that favored coding over untranslated regions 
and zero-projected off-target hits. These tools will allow for further investigations on post-
transcriptional regulation during germ cell development. 
This research was made possible by the generous support of the MolBio Summer Senior Thesis 
Fund. 

 
 

Abstract 
Chris Guan, Cameron Myhrvold 

 
Single-cell RNA sequencing (scRNA-seq) has become an indispensable tool for transcriptome-
wide analysis of differential gene expression and differential splicing of mRNAs at single-cell 
resolutions. scRNA-seq methods achieve higher throughput by implementing cell-specific 
barcoding and multiplexing approaches that enable pooling separate cDNA sample libraries into 
one sequencing lane. However, existing cDNA library multiplexing methods still suffer from 
considerable drawbacks that render scRNA-seq expensive and time consuming. The 
development of multiplexing techniques that confer higher throughput and efficiency are key to 
expanding the utility of scRNA-seq in addressing complicated experimental models. Here, we 
present preliminary results demonstrating the capacity of CRISPR Cas13 to prime reverse 
transcription (RT), suggesting the potential. We observe that both CRISPR-dCas13 RNPs and 
crRNAs alone are sufficient in priming RT with M-MLV reverse transcriptase. Sequencing data 
reveal that crRNA sequences become incorporated into first strand cDNA. Second-strand cDNA 
was subsequently synthesized through PCR amplification using primers targeting regions 
complementary to crRNA-specific sequences. Together, our results demonstrate the potential 
for an in vivo multiplexing system utilizing cellular expression of uniquely barcoded crRNAs to 
distinctly profile cellular transcriptomes.  
This research was made possible by the generous support of the Elkins Family Senior Thesis 
Fund. 
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An Investigation of reader YTHDF2 on MaSC differentiation and breast cancer 
tumorigenesis 

Arjun Guthal, Yong Wei, Yibin Kang 
 
Breast cancer is currently the most diagnosed cancer in women and classified among the most 
metastatic cancers. Specifically, breast cancer originates within the epithelial cells of the 
mammary gland, a highly dynamic and stem cell abundant region that develops extensively 
through puberty and pregnancy. In recent years, researchers have begun focusing on how 
mammary stem cells (MaSCs) are regulated during mammary gland development and breast 
cancer progression. One approach involves investigating the role of internal RNA modifications 
in regulating breast cancer maintenance. N6-Methyladenosine (M6a) is currently the most 
abundant internal mRNA modification, however despite being highly conserved, researchers are 
conflicted over its functional significance in disease. The discovery of m6A regulating proteins 
has been a significant achievement in this area of study, with recent emphasis being placed on 
the role of m6A “readers” in embryonic development, regulating proteins that interpret and direct 
m6a methylated transcripts accordingly. Among the m6A readers, YTHDF2 (DF2) has been 
recently shown to have irreplaceable importance in the regulation of m6A, yet it remains largely 
uncharacterized in breast cancer. Here, we propose a model to test the role DF2 in normal 
MaSC differentiation as well as overall breast cancer tumorigenesis. Through in vitro and in vivo 
assays testing self-renewal and reconstitution ability of MaSC and cancer cells lacking DF2, our 
results may provide a foundation for the future development of therapeutic targets for treating 
breast cancer patients.  
This research was made possible by the generous support of the Hickok Molecular Biology 
Senior Thesis Fund. 
 
 
 
 

 
Engineering a photo-switchable CRISPR-Cas13 system 

Jack Hariri, Liyuan Zhu, Jared Toettcher 
 
CRISPR-Cas systems have emerged as a highly promising biotechnological tool in recent 
years. The Cas13 subfamily of CRISPR/Cas proteins act differently than the usual 
CRISPR/Cas9 system by cutting RNA, rather than DNA. This offers a promising approach to 
regulate transcript abundance without permanent genetic modification, with applications in both 
basic science and therapeutics, such as enhanced control of RNA interference or nucleic acid 
detection and quantification. Here, in collaboration with the Myhrvold laboratory, we investigate 
the possibility of engineering a light-switchable Cas13 in order to control RNA cutting precisely 
over time and in specific cells in a tissue. To do so, a modification was made to the Cas13 guide 
RNA (gRNA), adding a stem loop capable of binding to the light-activated PAL protein. We can 
now measure the ability of the modified gRNA to bind Cas13. If this binding is not significantly 
blocked by the addition of the stem-loop, it can then be tested if the PAL protein can be used to 
bind the gRNA in a light dependent manner as a method of controlling Cas13-gRNA binding. 
Because Cas13-gRNA binding is required for the function of Cas13 to be carried out, blocking 
this binding would allow for light controlled activation and deactivation of Cas13.  If successful, 
this project will enable tightly controlled degradation of any user-defined RNA in space and time. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
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Transfer of biosynthesis gene clusters between soil and human microbiomes 
Christian Hernandez, Moamen Elmassry, Mohamed Abou Donia 

 
While soil and gut microbiomes have been investigated increasingly in recent decades, their 
genomic interaction is unclear. Some investigations of antibiotic resistance genes indicate inter-
microbiome transfer, yet this is unknown for most genes including the biosynthetic gene clusters 
(BGCs). This leaves a knowledge gap that affects medical interventions in gut microbiomes. To 
address this, the researchers analyzed whether BGCs in the soil are shared with gut-dwelling 
microbes, which genera share them, and if horizontal gene transfer (HGT) is the method of 
transfer. Seven matched pairs of soil and fecal stool datasets from various cities across the 
world were evaluated via Bowtie2 to identify which of the 3,1000 BGCs can be identified. 
Afterwards, the collection of BGCs were evaluated in antiSMASH for core biosynthesis genes.  
Genera will be identified using NCBI reference genomes and metaSPAdes assembly. HGT 
events will be located via MetaCHIP pipeline. In addition, the microbes sharing BGCs may be 
compared to those sharing ARGs to see if cross-microbiome transfers occur. The results will 
indicate whether soil conditions affect gut genetics or whether microbial biosynthesis of 
antibiotics and other substances is independent of soil exposure. Future microbial therapies and 
gene editing might need to consider soil influences on gut disorders such as inflammatory bowel 
disease. 
This research was made possible by the generous support of the MolBio Summer Senior Thesis 
Fund. 
 
 
 
 
 

 
Abstract 

Chloe Holland, Nieng Yan 
 
Membrane-bound O-acyltransferase enzymes (MBOATs) are cellular membrane enzymes that 
mediate physiological processes including cholesterol esterification and lipid metabolism. A 
specific class of MBOATs, the “ACAT family”, is involved in neutral lipid biosynthesis and 
contains the members ACAT1, ACAT2 and DGAT1. All three members have highly flexible N-
terminus regions with low amino acid sequence conservation. Surprisingly, the deletion of this 
highly variable N-terminus from ACAT1 has been found to shift its structure from tetrameric to 
dimeric. Previous studies have also shown that the more deletions that were made from the N-
terminus region of DGAT1, the more its enzymatic activity decreased. We hypothesize that the 
few amino acids that are conserved in the highly-variable N-terminus region of MBOATs are the 
amino acids responsible for the structural features and enzymatic activity of these proteins. The 
purpose of the proposed research is to explore the role of key amino acid residues of the N-
terminal domain on the function and stability of the membrane-bound proteins ACAT1 and 
ACAT2. We propose to accomplish this by identifying potential amino acid residues significant 
for neutral lipid transfer, creating altered versions of ACAT family proteins where these residues 
are not functional and conducting enzymatic activity assays to test protein activity. Since ACAT 
family proteins are thought to be promising drug targets for atherosclerosis and cancers, 
findings may enable the production of more effective drugs to treat diseases like these. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
 
 



7 

Investigating the Role of Chemokine Signaling within the 
Mammary Gland Stem Cell Niche 

Jason Hong, Eunmi Lee, Yibin Kang 

Since mammary stem cells (MaSCs) share similar regulatory networks with breast cancer stem 
cells (BCSCs), a deeper investigation into MaSC regulation is pivotal to yielding important 
insights into breast cancer tumorigenesis. One important regulator is the stem cell niche, which 
consists of the surrounding microenvironment and is pivotal to MaSC differentiation and 
selfrenewal. Previous studies in mammary stem cells (MaSCs) have revealed that Notch-
mediated juxtacrine signaling between macrophages and MaSCs is crucial to proper MaSC 
activity. However, the mechanism driving macrophage recruitment to the MaSC niche remains 
unknown. Therefore, this study will investigate the potential role of chemokines in recruiting 
macrophages to the mammary gland microenvironment and promoting MaSC development. 
Based on previously conducted microarrays, cytokine ligand and receptor pair, CXCL12 and 
CXCR7 were first identified as having high expression in MaSC / basal cells. 
Immunofluorescence staining confirmed the microarray and high presence of CXCR7 within the 
basal compartment, and generation of CXCR7 knockout mice has resulted in a significant 
decrease in mammary branching and other important stem cell genes. Furthermore, CXCR7 
knockout MaSCs also show decreased in-vitro mammosphere formation in the presence of 
recombinant CXCL12, further supporting an important role for the CXCL12-CXCR7 axis in 
regulating MaSC development. Overall, these studies hint at a potential mechanism for cytokine 
signaling in the microenvironment’s regulation of MaSCs, and may also lead to new insights on 
tumorigenesis and BCSC regulation. 
This research was made possible by the generous support of the Hickok Molecular Biology 
Senior Thesis Fund. 

Directed evolution of a de novo ATPase through an antibiotic construct 
Kaelix Johnson, Michael Hecht 

De novo protein design seeks to explore protein sequence space outside of what is observable 
today through contemporary evolution. Previous work on de novo proteins has utilized 
evolutionary methods to be successful. Proteins have been designed and evolved to perform 
synthetic reactions in vitro as well as replacing life-sustaining functions in auxotrophs in vivo. 
One such designed protein, Alternative ATPase (AltTPase), catalyzes the hydrolysis of ATP, a 
crucial and ubiquitous function found throughout known life. While AltTPase exhibits poor 
enzymatic function, it is yet unknown whether this protein can be successfully evolved into a 
better enzyme overall. To answer this question, a construct with the AltTPase sequence 
replacing the hydrolytic domain of a kanamycin kinase was created to serve as a platform for 
evolution, where selection is based on the life-or-death outcome of kanamycin deactivation via 
phosphorylation, creating a demand to evolve better hydrolytic activity. Using this construct, we 
show that diversification through cassette mutagenesis and error-prone PCR have led to 
increased kanamycin resistance. Further diversification of the sequence and kinetic 
characterization of the evolved sequence are still necessary to both further the project and 
confirm an enzymatic relationship to the survival results. 
This research was made possible by the generous support of the Evnin '62 Senior Thesis 
Fund. 
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Investigating the Uracil and RNase L Connection: A Theory Regarding Retrotransposons 
Christopher Jun, Eliza Prangley, Alexei Korennykh 

 
The OAS/RNase L pathway plays an instrumental role in antiviral defense by recognizing viral 
double-stranded RNA (dsRNA). Recent work has shown that RNase L also responds to 
endogenous cellular dsRNA molecules. Preliminary findings in the Korennykh lab have 
showcased that endogenous dsRNA may originate from inverted pairs of intronic retroelements. 
Moreover, it also revealed that introns that produce double-stranded RNA (dsRNA) have high 
proportions of uracil. Our central hypothesis is that dsRNAs encoding intronic retroelements, 
which are U nucleotide-rich, are the primary biological activators of the RNase L, giving rise to 
RNase L’s UN^N recognition. Microsoft Visual Studio was utilized to identify specific 
retroelements with higher uracil content. Additionally, biochemical assays will be performed to 
confirm that the resulting RNAs are the biological targets of RNase L. Our findings will provide 
molecular insights into the evolution of RNase L’s endonuclease activity, as well as shed light 
on RNase L’s non-antiviral roles in cells. This research will also provide support to a proposed 
model that RNase L serves to deal with intronic retroelement RNA leakage to the cytosol. Long 
term goals stemming from this research will include the discovery of uracil-rich blocks in our 
genome to better understand all the biological targets of the OAS/RNase L system. 
This research was made possible by the generous support of the Pitts ’63 Senior Thesis Fund. 
 
 

 
Identifying Intergenic Suppressors of saga1, a Mutation Which Disrupts Pyrenoid 

Biogenesis 
Angelo Kayser-Browne, Jessi Hennacy, Alan Itakura, Kher Xing Chan, Martin Jonikas 

 
Light-independent photosynthesis, as well as the state of agriculture and the climate, is reliant 
on the fixation of CO2 into organic compounds by the enzyme Rubisco. However, Rubisco’s 
catalytic inefficiency means that the rate of carbon fixation in many plants is limited by 
interactions between Rubisco and CO2. Approximately ⅓ of global CO2 fixation is driven by the 
pyrenoid, a chloroplast-localized microcompartment in algae which plays an essential role in the 
algal carbon-concentrating mechanism (CCM) by serving as an organizational center for the 
accumulation of Rubisco. SAGA1 is a gene in the alga Chlamydomonas reinhardtii whose 
mutation leads to a severe defect in the CCM and the formation of multiple noncanonical 
pyrenoids lacking key structural features. SAGA1 is therefore thought to be necessary in the 
formation of a single, fully-functional pyrenoid. However, it is unknown whether SAGA1 is 
involved in regulatory relationships with other pyrenoid-related genes in order to facilitate this 
formation. This study identifies candidate genes for such a relationship through a suppressor 
screen of saga1 mutants with second-site mutations introduced by insertional mutagenesis. To 
characterize the phenotype of each strain, confocal fluorescence microscopy was utilized to 
assess the typical quantity and morphology of pyrenoids in each mutant, while comparative 
growth assays in high and low-CO2 conditions were used to test CCM functionality. Mutations 
causing the strongest suppression of the saga1 phenotype were then identified through whole-
genome sequencing. It is anticipated that future characterization of genes with regulatory links 
to SAGA1 will lead to the development of a more sophisticated model of pyrenoid biogenesis. 
Given the significant impact of the pyrenoid on global carbon fixation, an improved 
understanding of the pyrenoid and its formation represent a crucial step toward the realization of 
bioengineered CCMs in higher plants to address burgeoning concerns within the fields of 
agriculture and climatology. 
This research was made possible by the generous support of the Class of 1943 MolBio Senior 
Thesis Fund. 
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AAV-mediated dendritic simplification is mitigated by blocking TLR9 
Neerav Kumar, Lisa Boulanger 

 

Recombinant adeno-associated viruses (rAAVs) have transformed basic neuroscience research 
and advanced human gene therapy in the nervous system. Although rAAVs are relatively non-
immunogenic, AAV upregulates major histocompatibility complex class I (MHCI) proteins in the 
cortex. In addition to its well-known role in antiviral immunity, MHCI proteins can negatively 
regulate neuronal dendritic complexity in cortex, raising the possibility that AAV could alter the 
structure and/or function of neurons, a previously unexplored possibility. To assess AAV-
induced changes to neuronal morphology, we used DiOlistic labeling, Sholl analysis, and 
Strahler node analysis on pyramidal cells within AAV-injected murine somatosensory cortex. We 
found that AAV significantly simplifies dendritic morphology. Because AAV’s CpG DNA genome 
can be detected by the toll-like receptor (TLR9), initiating downstream antiviral immune 
responses, we systemically administered a TLR9 antagonist ODN 2088 prior to and after AAV 
injection. Limiting detection of AAV through ODN2088 prevents AAV-induced dendritic 
simplification. To avoid the need for administration of a systemic TLR9 antagonist, we are 
currently testing the efficacy of a TLR9 inhibitor that is directly encoded into the AAV genome. A 
key benefit of this approach is that it avoids systemic immunosuppression, because it inhibits 
TLR9 selectively in individual cells that contain AAV genomes. This approach, if successful, 
could ultimately lead to safer and more effective gene therapies for the nervous system. 
This research was made possible by the generous support of the Susan W. and James C. Blair 
'61 P87 Endowed Senior Thesis Fund. 
 
 

 

 
Investigating the Regulation of Desmosomes During Mouse Hair Follicle Morphogenesis 

Victoria Laurencin, Rishabh Sharan, Danelle Devenport 
 

Convergent extension, or the simultaneous shortening and elongation of tissue along orthogonal 
axes, is a process that regularly occurs during embryogenesis. Convergent extension has been 
predominantly studied in Drosophila, where it was discovered that the underlying mechanism 
behind the process in epithelial cells is cell intercalation, or the exchanging of neighboring cells. 
Currently, the leading model to describe cell intercalation centers on the rearrangement of cell-
cell junctions called adherens junctions. However, there are other types of junctions that exist 
that the current leading model does not address. For example, unlike in the Drosophila, the 
mammalian epidermis is rich with another type of cell junction: desmosomes. Desmosomes link 
the intermediate filament cytoskeleton of adjacent cells. They enable the epidermis to withstand 
mechanical forces and serve as particularly strong adhesion between cells. Considering their 
particularly “sticky” nature, hypothetically, how would desmosomes remodel during cell 
intercalation in mammalian skin epithelial cells? Here, I report the first findings of an ongoing 
project investigating how desmosome remodeling occurs during cell rearrangement. A specific 
process in mammalian skin development I am studying to further understand desmosome 
remodeling during cell rearrangement is hair follicle morphogenesis. Hair follicles develop from 
hair placodes, clusters of epithelial cells that arise from an initially undifferentiated epidermis. 
After forming, hair placodes bud downward into the dermis and later become polarized through 
cell intercalation so that they point and grow in an anterior direction. The first aim of this project 
is to characterize desmosome expression and localization during placode formation and cell 
rearrangements. Whole-mount immunostaining of mouse embryonic epidermal tissue was 
performed to detect various desmosome components along with hair placode markers. 
Desmosome components were detected in the dermis as well, which conflicts with previous 
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literature. Desmosome components were stained using primary antibodies raised in mice due to 
their wide use in immunostaining mouse tissues, including the epidermis. As a negative control, 
mouse epidermal tissue was stained with only primary antibodies against hair placode markers 
and all secondary antibodies. This negative control showed desmosome expression levels 
similar to previously stained mouse skins in both the epidermis and dermis. From this, I was 
unable to recapitulate previous results from past studies. Consequently, as a next step I will 
either instead use primary antibodies that are not raised in mice and that have not been used in 
whole-mount immunostaining yet or I will conjugate our current primary antibodies with 
fluorophores.  
This research was made possible by the generous support of the MolBio Summer Senior Thesis 
Fund.  
 
 
 
 
 
 
 
 
 

An investigation of YhdP as a potential lipid transfer protein in Escherichia coli 
Michael Lee, Randi Guest, Thomas Silhavy 

 
The outer membrane (OM) of Gram-negative bacteria is an asymmetric bilayer–with 
lipopolysaccharide molecules in the outer leaflet and glycerophospholipids (PLs) in the inner 
leaflet–that confers antibiotic resistance. However, how PLs are transported from the inner 
membrane (IM) to the OM for assembly is poorly understood. This work will study 
intermembrane PL transport by investigating an IM protein, YhdP, that is hypothesized to 
transport PLs from the IM to the OM in high flux (Grimm et al., 2020). In this work, we 
investigate a novel mechanism of initiating high-flux intermembrane PL transport and use this to 
determine the role of YhdP in intermembrane PL flux. A series of YhdP mutants predicted to 
impact protein function by structural prediction programs such as Phyre2, RoseTTAFold, and 
AlphaFold will be used to investigate YhdP function (Baek et al., 2021; CM et al., 2014; Jumper 
et al., 2021; Kelley et al., 2015). The impact of these mutations on cell growth under antibiotic 
and detergent treatment will be studied in Escherichia coli. Our results will demonstrate the role 
of YhdP in intermembrane PL transport and aid in the development of new antibiotics targeting 
Gram-negative bacteria. 
This research was made possible by the generous support of the Crecca '46 Molecular Biology 
Senior Thesis Fund. 
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Characterizing the role T-cell MTDH in regulating T-cell exhaustion and driving 

pro-tumor immunity in breast and colorectal cancer 
Chy Murali, Yong Tang, Yibin Kang 

 
Many cancer immunotherapies including immune checkpoint blockade and adoptive cell therapies 
aim to boost anti-tumor mediated immunity via reversal of T-cell dysfunction or exhaustion. However, 
the efficacy and use of these therapies is limited by primary or evolved resistance—phenomena that 
are not well-understood mechanistically. Previous studies showed that whole-body knockout of 
Metadherin (MTDH), an oncogene overexpressed in several different types of cancer, reduces 
expression of exhaustion markers and improves infiltration of tumor-infiltrating T-cells. Additionally, 
preliminary evidence from CD4+ and CD8+ antibody depletion studies suggest that T-cells are key 
drivers of tumor suppression in MTDH knockout (KO) mice. However, it remains unclear if T-cell 
MTDH regulates T-cell exhaustion or recruitment to promote pro-tumor immunity. To address this, 
we will induce primary mammary and colorectal (CRC) cancers in both WT and whole body MTDH 
knockout mice (C57BL/6J). We will perform killing assays and flow cytometry analysis to compare 
differences in the exhaustion and secretion profiles, polarization, and cytotoxicity of T-cells derived 
from the WT and KO samples. Next, we will conduct single cell RNA sequencing (scRNA) analysis 
to further elucidate putative genes and pathways that are responsible for observed phenotypic 
changes. Identification and characterization of the role of T-cell MTDH in molding the 
immunosuppressive landscape of the tumor microenvironment (TME) will aid in the development of 
novel immunotherapeutic strategies not limited by issues of treatment resistance. 
This research was made possible by the generous support of the Hickok Molecular Biology Senior 
Thesis Fund. 

 
 
 

Exploring the Contributions of HP1α-Mediated Chromatin Cross-Linking to Nuclear 
Mechanics and Constrained Cell Migration 

Natalia Orlovsky, Amy Strom, and Clifford Brangwynne 
 
The nucleus is the largest and stiffest organelle in most mammalian cells. Its physical properties 
govern whole-cell responses to mechanical stress, and their disruption is implicated in human 
disease. For example, nuclear softening enables metastatic cancer cells to navigate through narrow 
pores in the extracellular environment. Recent evidence suggests that chromatin-chromatin cross-
linking is an important determinant of nuclear mechanics, but its involvement in this softening 
process remains under-explored. Here, we examine whether the depletion of HP1α, a chromatin-
chromatin cross-linker whose expression is lost in metastatic cancer cells, alters internal and total 
nuclear mechanics in ways that facilitate confined cell migration. To examine the mechanisms by 
which HP1α depletion yields nuclear softening, we use imaging-based read-outs to identify HP1α’s 
contributions to the morphology and dynamics of the nuclear interior. Specifically, we show that loss 
of HP1α-mediated cross-linking decreases nucleolar roundness, and hypothesize that these 
changes are due to diminished chromatin rigidity. However, surprisingly, we find that HP1α depletion 
does not increase extra-nucleolar chromatin diffusion rate. This raises new questions about the 
relationship between internal and total nuclear mechanical properties. Additionally, we develop and 
validate a bulk migration assay and a nuclear rupture assay, which will be used to assess HP1α’s 
contributions to cells’ metastatic potential and to their ability to withstand mechanical stress, 
respectively. This work lays the groundwork for future experiments, which will further interrogate 
HP1α’s contributions to nuclear mechanics and its role in cancer progression.  
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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Humanized Old World and New World monkey NTCP’s support HBV binding and 

infection 
Debby Park, Yongzhen Liu, Alexander Ploss 

 
Hepatitis B virus (HBV) remains a major cause of liver disease in humans, affecting 
approximately 257 million people worldwide. As researchers develop novel therapeutics that 
combat HBV replication in hepatocytes, animal models are needed to evaluate their efficacy in 
vivo. Although small mammals, such as woodchucks and human liver chimeric mice, have been 
employed for this purpose, the narrow host tropism of HBV posits a challenge in establishing a 
long-lasting infection model in small non-human primates (NHP). Previous studies have shown 
that the barrier to infection in NHP species are primarily attributed to incompatibilities between 
the viral envelope and homologues of the host cellular receptor – sodium taurocholate co-
transporting peptide (NTCP) – in non-permissive species. To study the molecular barriers to 
HBV entry in hepatocytes of Old World monkeys (OWM) and New World monkeys (NWM), we 
have transduced cells from a human hepatoma cell line (HepG2) to ectopically express simian 
NTCP receptors with humanizing mutations positioned at the responsible domain(s) of NTCP’s 
in cynomolgus macaques (OWM), and squirrel monkeys (NWM), respectively. We assessed if 
these mutations enable binding with FITC-labeled HBV PreS1(aa 1-48) peptides via flow 
cytometry, which would suggest interactions between NTCP and the HBV envelope protein. Our 
data suggested that both R158G mutation alone and the human NTCP 157-165 counterpart 
replacement in the cynomolgus macaque NTCP (CynoNTCP) exhibited robust FITC 
fluorescence, indicating dramatic rescue of HBV binding. We also found that both humanized 
CynoNTCP and squirrel monkey NTCP (SqMNTCP) expression in HepG2 cells facilitated HBV 
entry and infection characterized by positive HBV e antigen (HBeAg) levels. Notably, single, 
double, and triple mutations at aa 84-87 in SqMNTCP amplified HBeAg detection. Our discovery 
of gain-of-function mutations in OWM and NWM NTCP’s shed insights on the mechanism of 
HBV receptor binding and entry and may facilitate the expansion of HBV tropism to bolster 
research tools for in vivo studies. 
This research was made possible by the generous support of the Elkins Family Senior Thesis 
Fund. 
 
 
 
 
 

 
Deciphering the mechanisms of sensitivity and specificity in Vibrio cholerae  

c-di-GMP signaling 
Joseph Prentice, Andrew Bridges, Ned Wingreen, and Bonnie Bassler 

 
Biofilms are matrix-encapsulated communities of bacteria that allow resident cells to collectively 
resist threats and acquire nutrients. A central biofilm lifestyle regulator is cyclic diguanylate (c-di-
GMP), which also controls motility and the cell cycle. Recently, the Bassler lab identified MbaA, 
an inner membrane polyamine sensor in the pathogen Vibrio cholerae that modulates c-di-GMP. 
When MbaA detects the Vibrio-specific polyamine norspermidine, it synthesizes c-di-GMP, 
promoting biofilm growth. Previous work demonstrated that V. cholerae secretes norspermidine 
and self-secreted norspermidine stimulates MbaA signaling. The majority of the exported 
norspermidine is re-imported by the polyamine transporter PotABCD1. My results show that 
constitutive PotABCD1-mediated import of periplasmic polyamines reduces c-di-GMP sensitivity 
to exogenous and endogenous polyamines, but that biofilm genes remain exquisitely sensitive 
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to polyamines. This suggests that co-localization of MbaA-produced c-di-GMP and a biofilm-
specific c-di-GMP-binding effector generates a highly sensitive response to polyamines. 
Companion RNA-seq analyses reveal that the MbaA signaling pathway is remarkably specific in 
controlling expression of biofilm genes, but that this specificity is dependent only on the global 
cellular c-di-GMP concentration. Together, these results indicate that local pools of c-di-GMP 
are not necessary for signal specificity, but that such pools might enhance signal sensitivity.  
This research was made possible by the generous support of the Rupert and Loretta Jones 
Molecular Biology Senior Thesis Fund. 
 
 
 
 
 
 
Investigating the Role of Pin1 Homolog Dodo on the Regulation of Tau and Apoptosis in 

Drosophila melanogaster 
Paulina Przygonska, Dan Notterman 

 
Chronic traumatic encephalopathy (CTE) is a neurodegenerative disorder associated with 
repetitive traumatic brain injury. Although the mechanisms underlying the association remain 
unclear, tau, a microtubule stabilizing protein, is characterized to become hyperphosphorylated 
during CTE pathogenesis, causing tau to detach from axonal microtubules. The activity of Pin1, 
a peptidyl-prolyl isomerase, is also suggested to alter during CTE pathogenesis. In 
psychological conditions, Pin1 isomerizes tau into a trans-conformation, allowing 
dephosphorylation by trans-specific phosphatases. However, when a loss of Pin1 activity 
occurs, excessive amounts of cis-tau are unable to become dephosphorylated, and the 
hyperphosphorylated tau instead aggregates into neurofibillary tangles. Although Drosophila 
melanogaster has been utilized to model neurodegenerative disorders, it remains unknown 
whether Dodo, the Drosophila homolog of Pin1, is also able to isomerize tau. We hypothesize 
that Dodo functions similarly to Pin1, helping to isomerize tau as well as regulate tau 
dephosphorylation and tau-microtubule binding. To determine whether Dodo isomerizes tau, we 
will evaluate the downstream effects of Pin1-mediated isomerization, such as tau 
dephosphorylation and microtubule stabilization, via biochemical assays and phospho-specific 
antibodies. We will also utilize conformation-specific antibodies to confirm Dodo’s ability to 
isomerize tau. Meanwhile, to further investigate whether the loss of Pin1 activity also contributes 
to other characteristics of CTE pathogenesis, such as 
neurodegeneration, we will characterize apoptotic mediators in a knockdown model of dodo in 
Drosophila. Although a previous publication was able to utilize a mammalian Pin1 antibody 
against Dodo and detect its presence in the Drosophila head via western blotting, this study was 
unable to replicate such findings. Thus, we will conduct a northern blot as well as PCR to 
evaluate whether the dodo mRNA transcript is produced in Drosophila brains. By validating the 
presence of Dodo in the Drosophila brain, we hope to initiate investigations into the 
mechanisms of Dodo within the context of neurodegenerative disorders. 
This research was made possible by the generous support of the Elkins Family Senior Thesis 
Fund. 
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Investigating the sorting and intracellular transport of planar cell polarity proteins 
Frizzled6 and Vangl2 to and from the cell junction 
Daisy Rodriguez, Debra Ouyang, Danelle Devenport 

 
Planar cell polarity (PCP) is an essential feature that describes the coordinated orientation of 
cell polarity across a tissue. The asymmetric distribution of PCP components within cells and 
cell-cell communication contribute to the establishment of PCP along tissue sheets. Disruptions 
in the genes which transcribe the PCP components lead to loss of uniform PCP in tissues and 
has been implicated in birth defects like neural tube defects, Robinow syndrome, and idiopathic 
scoliosis. Because of its importance in embryo development, it is important to understand the 
mechanism for the PCP pathway. Previous studies have focused on the intracellular trafficking 
of core PCP proteins and found that the Frizzled6 (Fzd6) and Vangl2 proteins exit the Golgi in 
separate compartments guided by sorting motifs. However, it is yet to be determined how these 
proteins are transported to the cell junctions to achieve asymmetric localization. We hypothesize 
that Fzd6 and Vangl2 proteins are transported in a directed manner to the PCP junction in 
distinct vesicles. This is based on their differential compartmentalization exiting the TGN and the 
previously implicated role of microtubules in PCP protein transport to the cell surface. 
Consequently, our experiments aim to explore the role of the sorting motifs in the 
compartmentalization of Fzd6 and Vangl2 after exiting the Golgi by using site directed 
mutagenesis to swap the protein sorting motifs in mouse keratinocytes, an epithelial cell system 
where planar polarity is well described. The transport of the proteins to and from the cell 
junctions will also be investigated using a junctional recruitment assay to determine whether the 
proteins are transported in a directed, differential manner to the PCP junction with the goal of 
elucidating the mechanism by which this process occurs.  
This research was made possible by the generous support of the MolBio Summer Senior Thesis 
Fund 
 
 

A Strange Addiction: uncovering an unconventional pathogen learning behavior in  
C. Elegans 

Juan Sarmiento, Coleen Murphy 
 
The nematode Caenorhabditis Elegans thrives in a natural environment with many different species 
of bacteria as food sources. Some of these are pathogenic and detrimental to the nematode’s 
health, making it necessary to distinguish between beneficial and damaging bacterial strains. 
Previous research has shown that worms can learn to avoid pathogenic Pseudomonas aeruginosa 
14 (PA14) immediately after exposure and pass down this learning to as many as four consequent 
generations without necessitating more than the initial “training” phase. This transgenerational 
inheritance is dependent on P11, a single sRNA element produced by PA14 that is both necessary 
and sufficient for inducing progeny avoidance of the bacteria. Further experimentation showed that 
this is a species-specific mechanism, leading the Murphy laboratory to test for similar learned 
avoidances between different C. Elegans and pathogenic bacteria strains. One of these pathogens, 
PF5, has been observed to induce the complete opposite behavior: transgenerational attraction to a 
harmful pathogen. In order to elucidate the workings of this counterintuitive result, the current project 
seeks to answer three main questions: Is this “attraction” to PF5 inherited as far as the F4 
generation? Is the behavior a species-specific preference of PF5 as opposed to general avoidance 
of other bacteria? And finally, what bacterial components are causing this response in worms? By 
following this line of questioning, we hope to better understand how transgenerational mechanisms 
of inheritance are mediated on bacterial species beyond PA14, and gain insights into the possible 
uses of sRNAs or other bacterial elements in antibiotic therapy. 
This research was made possible by the generous support of the Pitts '63 Senior Thesis Fund. 
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Characterizing the Effect of AI-2 Quorum Sensing on Virulence and Aggregation in 
Pseudomonas aeruginosa 

Robert Schofner, Bonnie Bassler 
 

 
Quorum sensing (QS) is a cell-to-cell communication process performed by bacteria, including the 
pathogen Pseudomonas aeruginosa, to coordinate the expression of group behaviors. QS regulation 
requires the secretion and reception of a shared signal molecule, termed an autoinducer. 
Surprisingly, biofilm formation in P. aeruginosa has been reported to be regulated by a “universal” 
autoinducer called AI-2 through an unknown mechanism. While P. aeruginosa has not been reported 
to produce AI-2, this universal autoinducer is synthesized by hundreds of other bacterial species and 
can be found in sputum samples from lung infections. In other species, AI-2 is often associated with 
chemotaxis and cell-aggregate formation. Indeed, it was recently reported that P. aeruginosa can 
chemotact toward AI-2. Given this, I hypothesized that AI-2-driven chemotaxis in P. aeruginosa 
promoted aggregate formation, which may then increase biomass within biofilms. To explore this 
further, I investigated aggregate formation in the presence of AI-2 using bright-field microscopy. 
While my current data does not show that AI-2 significantly induces P. aeruginosa aggregation, I am 
generating mutant strains in order to investigate the roles of exopolysaccharide production, motility, 
and chemotaxis within aggregate formation.  Additionally, I will investigate differential gene 
expression in P. aeruginosa aggregates versus planktonic cells via the creation and analysis of a 
LasR/LasI QS transcriptional reporter. These experiments will aid in our understanding of how QS 
influences, and is influenced by, the dynamics of aggregate formation, which is an important factor 
underlying P. aeruginosa drug resistance within an infection setting.     
This research was made possible by the generous support of the Rupert and Loretta Jones 
Molecular Biology Senior Thesis Fund. 
 
 

Piecing together the pressure puzzle: how each tissue of the lung responds to 
transpulmonary pressure to promote branching morphogenesis of the mouse lung 

Katherine Shelburne, Katharine Goodwin, Jacob Jaslove, and Celeste Nelson 
 
During embryogenesis, the mammalian lung undergoes successive rounds of epithelial tube 
branching to form a complex tree-like architecture. Transmural pressure regulates the rate of airway 
branching morphogenesis, with higher pressures increasing the rate of branching events.  Because 
many genes with retinoic acid (RA) response elements (RAREs) in their proximal enhancer region 
are differentially expressed at high transmural pressure, we hypothesized that RA signaling may be 
activated by transmural pressure during development. Here, we used mutant mice expressing a 
RARE reporter to investigate whether the mechanosensitive transcriptional regulator Yap1, which 
regulates differentiation in many tissues throughout development, plays a role in activating RA 
signaling in response to pressure. Combining bulk and single-cell transcriptomic datasets, we 
examined tissue-specific responses to pressure and Yap deletion. These analyses revealed that 
epithelial markers are upregulated at higher pressures, while markers for both the sub-epithelial and 
sub-mesothelial mesenchyme are downregulated. Next, we pharmacologically increased luminal 
pressure in ex vivo lung culture to identify tissue-specific responses to pressure by immunostaining 
and found that patterning in the pulmonary mesenchyme changes in response to pressure, in 
agreement with our bioinformatic findings. Further, we found that RA signaling was increased in both 
the epithelium and mesenchyme of lungs cultured at high pressure, and these pressure-dependent 
changes were modulated by deletion of Yap from the pulmonary mesenchyme and/or epithelium. 
Together, these results provide insight into how the mechanical microenvironment of the developing 
lung impacts the process of branching morphogenesis.  
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 Transcription and Chromatin State on Prime Editing Efficiency 
Anmoldeep Singh, Jun Yan, Britt Adamson 

 
CRISPR/Cas editing systems have revolutionized genome editing in the past decade, but their reliance on 
inducing double-stranded breaks leads to low efficiency and off-target effects. Prime editing (PE) counters this 
limitation by nicking only one strand of the target DNA sequence and using a hybrid guide/template RNA to 
transcribe an edit onto the nicked strand, and subsequently insert the edit into the genome. However, the 
efficiency of PE is low and unreliable, and the factors which may lead to this low efficiency in PE are not well 
understood. Here, we investigate how transcription and chromatin state of the target site may affect the 
efficiency of PE. To test these roles, we developed reporter systems in which the start codon of an inactive 
fluorescent gene is activated by prime editing. While a GFP reporter has been shown to work at detecting 
successful PE, the reporters will need to be further optimized to test the role of transcription and chromatin 
state in PE. This will be done by using inducible promoters to modulate transcription and inserting the 
reporters in cells with well-characterized genome-wide chromatin context. This work will determine if 
chromatin context and transcription may play a role in PE efficiency, as well as how these factors may be 
accounted for to further optimize prime editing for research and clinical purposes. 
This research was made possible by the generous support of the Rupert and Loretta Jones Molecular Biology 
Senior Thesis Fund.  
 
 
 
 
 
 
 

Investigating the Role of Transcription and Chromatin State on Prime Editing Efficiency 
Arthur Sirkejyan, Martin Jonikas 

 
Photosynthesis is one of, if not the, most crucial process for life on Earth, key for all life forms which depend 
on renewable carbon and solar energy. Despite its centrality to global food and energy cycles, gaps remain in 
our understanding of photosynthesis. Among several model organisms, the unicellular alga Chlamydomonas 
reinhardtii is often utilized due to its ability to grow under both autotrophic and heterotrophic conditions. This 
allows experimenters to grow the alga both in the presence and absence of light, pinpointing genes which may 
have a direct effect on photosynthesis. In the past, screening experiments have had success identifying some 
candidate genes as being consequential to photosynthesis. That said, many of the Chlamydomonas genes 
are nevertheless yet to be characterized. In addition to pooled experiments, experimenting with singular 
genes, as this project suggests, allows for a further level of verification for suspected photosynthetic genes. 
Utilizing rescue experiments, I will investigate if the retransformation of wild type genes may rescue 
photosynthetically deficient mutants which are lacking in the very same gene. This process may then be 
repeated for a subset of genes thought to be related to photosynthesis with a high confidence. Another 
experiment I will pursue consists of tagging the genes with Green Fluorescent Protein (GFP), which will allow 
us to localize the resultant proteins that I am investigating, permitting a more integrated and expansive 
understanding of known systems. Altogether, the project will permit a more confident classification of 
individual genes, leading to a deeper understanding of photosynthesis that can ultimately be applied to higher 
organisms.  
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Characterizing the Antibiotic Potential of ONO-RS-082 and Determining its Unique Mechanism of Action 

Hanna Soulati, Joseph Sheehan, Connor Chain, Zemer Gitai 

The rising threat of antibiotic resistance is a pressing issue for the maintenance of modern health and 
medicine. Thus, the discovery of novel antibiotic candidates that target multi-drug resistant bacteria with 
unique mechanisms of action (MoAs) is a crucial area for future research. Previously, my lab identified ONO-
RS-082 as an antibiotic candidate with a novel MoA that can target both Gram-negative and Gram-positive 
pathogens with low levels of resistance. Further work presented MreC, a structural protein involved in cell wall 
elongation and shape, as a potential target of this antibiotic. My project aims to both further characterize the 
antibiotic properties of ONO-RS-082 and better understand its unique MoA. I found ONO-RS-082 to exhibit 
bactericidal activity in Escherichia coli lptd4213 as well as low levels of resistance in Staphylococcus aureus 
MRSA, a clinically relevant pathogen in which MreC is not essential. Furthermore, preliminary imaging of 
GFP-tagged MreC in Bacillus subtilis demonstrated that MreC was largely delocalized upon treatment with 
ONO-RS-082. These findings suggest that, in addition to MreC, ONO-RS-082 may have additional targets in 
the cell, explaining its low levels of resistance. Future work will examine if ONO-RS-082 disrupts MreC’s 
association with common binding partners as well as investigate potential secondary targets of ONO-RS-082. 
This research was made possible by the generous support of the Evnin '62 Senior Thesis Fund 

Breaking the Species Barrier: Examining the Role of Human Factors in HBV Infection 
in Human and Murine Cells 

Mansi Totwani, Stephanie Maya, Aaron Lin, Alexander Ploss 

Chronic hepatitis B virus (HBV) infection affects more than 250 million people worldwide and can lead to liver 
fibrosis, cirrhosis, and hepatocellular carcinoma. While antiviral therapies exist that efficiently suppress HBV 
infection and viremia, they are not curative and chronic infection continues to persist in endemic areas where 
vaccination rates are low. Consequently, there is an urgent need to understand the molecular mechanisms of 
how HBV establishes persistence and causes liver disease. To do so, animal models are urgently needed. 
However, HBV exhibits a narrow species tropism, only infecting humans and certain primates. Our research 
aims to understand the barriers of interspecies transmission in mice in order to overcome these blocks and 
develop an HBV-permissive mouse model. We will continue to conduct loss-of-function and gain-of-function 
experiments in human and murine hepatoma cells, respectively, to identify factors involved in HBV infection 
that enable successful infection. The human orthologues of each candidate protein will be over-expressed in 
murine hepatoma cells to create an environment that is conducive to HBV infection. Subsequent studies are 
designed to determine the mechanism by which these human/primate specific factor putatively enhance HBV 
infection in mouse cells. Preliminary results utilizing knockdown experiments have revealed that several 
nuclear import proteins are potentially implicated in HBV infection. Ultimately, this work will contribute to 
establishing a humanized HBV-permissive mouse model that can be utilized to more effectively investigate 
therapeutics and a possible cure for HBV. 
This research was made possible in part by the generous support of the Crecca '46 Molecular Biology Senior 
Thesis Fund. Research in Ploss laboratory is funded by grants from the National Institutes of Health (R01 
AI138797, R01AI107301, R01AI146917, R01AI153236), a Research Scholar Award from the American 
Cancer Society (RSG-15-048-01-MPC to A.P.), a Burroughs Wellcome Fund Award for Investigators in 
Pathogenesis (101539), and funds from the US Department of Defense (W81XWH1810237) and Princeton 
University. 
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Defining the Regulation and Function of Dynamic PTPIP51-VAPB Tethering at ER-Mitochondria 
Contact Sites During Human cytomegalovirus (HCMV) Infection 

Elene Tsopurashvili, Katelyn Cook, William Hofstadter, and Ileana Cristea 

All viruses leverage organelle functions for a successful infection. Human cytomegalovirus (HCMV), a prevalent 
ß-herpesvirus, that is a health concern in immunocompromised patients and a leading cause of congenital 
infections, drastically reorganizes cellular landscape by rewiring all major organelles. One of the most prominent 
HCMV-induced organelle remodeling events is fragmentation of mitochondria. Even though fission usually 
precedes selective autophagy of mitochondria in uninfected cells and other virus infections, HCMV maintains a 
fragmented mitochondria population that exhibit enhanced metabolic activity. Notably, mitochondrial features 
exploited by HCMV are reminiscent of functions orchestrated by membrane contact sites (MCSs) that are 
regulated by tethering proteins, such as protein tyrosine phosphatase interacting protein 51 (PTPIP51). Here 
we investigate PTPIP51-mediated ER-mitochondria contacts in controlling mitochondrial turnover during HCMV 
infection, as these associations have been implicated in regulating autophagy in non-viral contexts. Using 
quantitative mass spectrometry, confocal microscopy, and proximity ligation assay (PLA), we show that during 
infection PTPIP51 rises in abundance, accumulates at previously undescribed ER-mitochondria structure, which 
we term mitochondria-ER encapsulations (MENCs), and increasingly interacts with its tethering partner VAPB. 
Knockdown (KD) of PTPIP51 reveals that this protein is required for virus production. Time-sensitive regulation 
of PTPIP51-VAPB tethering is likely modulated by phospho FFAT (two phenylalanines in acidic tract) motif as 
preliminary viral titers indicate decreased virus production upon deletion of this motif. We further show that 
autophagosomes accumulate during infection and are excluded from mitochondria while Parkin (PRKN), a 
crucial player in mitochondrial clearance, is sequestered to lysosomes to prevent mitophagy. Altogether, our 
work seeks to investigate PTPIP51 as a critical host protein that is hijacked by HCMV to manipulate its ER-
mitochondria tethering abilities impeding mitochondrial degradation. 
This research was made possible by the generous support of the Berry '21 Molecular Biology Senior Thesis 
Fund. 

Investigating How External Factors Affect Bacteria in the Built Environment 
Joy Xie, Zemer Gitai 

The built environment (BE) consists of human-made structures, and the bacterial components of this 
environment can affect human health because of their constant proximity to humans. Previous research has 
analyzed the external factors that affect properties of the BE microbiome using culturing and sequencing 
methods. However, there is a gap in literature in determining the relative importance of environmental and 
human factors in affecting the dynamics of bacterial populations in the BE. My hypothesis is that overall 
bacteria in the BE have low viability, but environmental factors and human interaction can increase input and 
repopulation. To test this hypothesis, we will use PMA ddPCR in addition to the culturing and sequencing 
method to quantify how much viability and repopulation rates change after manipulating external factors. 
Preliminary findings suggest that bacterial viability is low in the BE, but surfaces in conditions with more water 
content have significantly higher viability than dry surfaces. Furthermore, surfaces of personal items such as 
cell phones and keyboards have higher density of bacteria from the human skin microbiome verifying that 
much of the bacteria in the BE are from human microbiomes. 
This research was made possible by the generous support of the Evnin '62 Senior Thesis Fund. 


