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

Advisor: Lynn Enquist 
 

Pseudorabies virus (PRV) is an alpha herpesvirus of swine causing disease characterized by encephalomyelitis and 

inflammation of the respiratory tract. Efforts to studying PRV have led to discoveries uncovering the molecular 

mechanisms of herpesvirus pathogenesis and neuronal invasion. Consequently, PRV can be a powerful tool in 

exploring the neuroanatomical pathways of the brain, because infection spreads among synaptically connected 

neurons. PRV infection requires the viral Us9 protein to spread form pre-synaptically connected neurons to post-

synaptically connected neurons. Us9 is a membrane protein found in lipid rafts and is required for sorting newly 

assembled virions into axons. Various studies suggest that sphingolipids, significant lipid raft constituents, and 

sphingomyelinases are necessary for viral intracellular transport. The host protein, SMPD4, is a neutral 

sphingomyelinase involved in ceramide production and biogenesis of exosomes. Previous work in this laboratory 

demonstrated that SMPD4 protein interacts with Us9. SMPD4 was the second most enriched host protein 

associated with GFP-Us9 in an immunoprecipitation and mass-spectrometry experiment. In this thesis, we studied 

SMPD4 through a series of immunofluorescence and western blot experiments. We used the neuronal cell line 

(Neuro2a) to study the function of SMPD4 and Us9 interaction. These cells can be differentiated into central 

nervous system (CNS) neurons. However, PRV infection in these cells was variable and the production of infection 

virus was low. Various environmental conditions were explored to optimize PRV infection of these cells. While 

natural mouse laminin coating induces the growth of two or more neurite-like projections per cell by 25%, it did 

not affect the percent of Neuro2a cells infected. The infectious cycle is not synchronous in Neuro2a cells, which 

may reflect the lack of synchrony of the cell cycle. In addition, infected cells appeared to round up and die, perhaps 

indicating an apoptotic response to infection. We detected SMPD4 using immunofluorescence microscopy. The 

protein appeared as individual puncta throughout the cell in uninfected and infected Neuro2a cells. Furthermore, 

we could observe colocalization between SMPD4 and viral capsids. 

 
Functional and Structural Validation of a Novel Nuclear Localization Sequence within the Microtubule Effector 

TPX2 
Natalia Brokate 

Advisor: Sabine Petry 
 

Living organisms rely on mitosis for their growth and proliferation. 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 generation 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, such as cancer. TPX2 is primarily 

regulated by the Importin-a/b heterodimer, a nuclear transport factor that sequesters TPX2 to the cell 

nucleus. Previously, Importin-ɑ was thought to bind to TPX2 via two nuclear localization signals, or NLSs, 

spanning amino acid residues 280-330 (NLS12) on the N-terminal region of TPX2. However, recent 

findings from the Petry Lab suggest that there is a third NLS spanning amino acid residues 120-130 

(NLS3) on TPX2 that exhibits strong binding to Importin-ɑ. In this thesis, I assessed the ability of the 

novel NLS to bind to Importin-a. I designed three constructs of TPX2 containing different combinations 

of these three NLSs: TPX2-NLS3, TPX2-NLS12, and TPX2-NLS312. My results indicate that constructs 

TPX2-NLS12 and TPX2-NLS3 are able to form a co-complex with Importin-a, validating NLS3 as a new 

NLS. Additionally, I set forth a method for TPX2 and Importin-a purification that allows for stoichiometric 



manipulation of the protein mixture. This suggests that the crystallization of this co-complex is possible. 

The resulting co-complexes from these purifications were set up for crystallization trails using the 

hanging drop vapor diffusion method to gain structural insight into this new interaction central to the 

regulation of mitosis. 

 

Identifying the role of DNA ligase I in hepatitis B virus cccDNA formation in human hepatoma cells 
Leslie Chan  

Advisor: Alexander Ploss 
 

Over 257 million people are chronically infected with hepatitis B virus (HBV) worldwide, and these patients are at a 

100-fold higher risk for developing cirrhosis and hepatocellular carcinoma compared to the general population.  

Current treatment can only suppress the virus but rarely lead to a cure.  Limitations to current treatment options 

are largely due to the persistence of the viral covalently closed circular DNA (cccDNA)—the critical viral replication 

intermediate.  While previous studies have identified cccDNA elimination as the key to curing HBV infection, the 

mechanism for cccDNA formation and maintenance remains to be fully elucidated.  Recent findings identified a 

minimal set of host factors necessary for cccDNA formation by biochemically reconstituting this reaction.  To 

validate these findings in a cellular environment that more closely resembles the native biological context of an 

HBV infection, we first established a system to rapidly and conditionally deplete DNA ligase I, one of the five 

identified host factors, in HBV-susceptible human hepatoma cells by dually introducing CRISPR knockout and the 

degron system.  Following HBV infection in this tissue culture model, we observed that neither LIG1 

overexpression nor partial knockout demonstrated any effects on cccDNA levels, and the challenges of establishing 

a complete knockout precluded us from drawing definitive conclusions on the role LIG1 plays in cccDNA formation.  

The findings in this study extend the applicability of the degron system to studying the role of essential host factors 

in viral-host interactions and contribute to current work in decoding the mechanisms of cccDNA formation.  By 

establishing an experimental framework to interrogate the effects of essential host factors in cccDNA formation, 

this study lays the foundation for identifying promising therapeutic targets for chronic HBV patients. 

 

Investigating the Learning Potential of Tsc1 Mice through an Evidence-Accumulation Task 
Tiffany Chen  

Advisor: Sam Wang 
 

Autism spectrum disorder (ASD) is a developmental disability that has significant impact on society as the 

prevalence rate of the disorder drastically increases with every year. Individuals who are affected by this disorder 

often display similar symptoms, typically encompassing difficulties with socialization and communication, atypical 

responses to stimuli, motor disabilities, and learning disabilities. The cerebellum plays an important role in 

cognition, perception, and motor learning, and recent studies have identified it as an important region in the 

development of autism. As people with autism tend to have learning disabilities, this study aims to investigate 

learning potential in a mouse model of autism. Specifically, we use cerebellar-specific autism model mice, Tsc1 

(Tubular Sclerosis Complex) heterozygous and homozygous mutant mice, to investigate how they learn a decision-

making evidence-accumulation task and relearn the task after a break in time. Strikingly, it was found that 

heterozygous, and particularly, homozygous mutant mice exhibited accelerated learning during initial training and 

retraining compared to the wildtype mice. Furthermore, the two mutants exhibited the savings effect, the idea 

that faster learning speeds should be observed the second time information is presented compared to the initial 

time, and wildtypes did not. Possible explanations for the faster learning of heterozygous and homozygous 

mutants include increased sensitivity to air puff stimuli due to their cerebellar disruptions or altered working 

memory that eliminates their biases from previous trials and sessions. While further tests must be conducted, this 



work provides information about the learning potential of Tsc1 mice and ultimately contributes to furthering our 

understanding of Tsc1 autism model mice. 

 

The repx-2 Gene Regulates Reproductive Aging in Caenorhabditis elegans 
Josue Chirinos 

Advisor: Coleen Murphy 
 

One of the earliest human aging phenotypes is the decline in female reproductive capacity, and as more women 

opt to give birth later in life, this natural decline becomes an issue. Reproductive decline begins long before the 

onset of menopause and is therefore thought to be the result of declining oocyte quality rather than quantity. In C. 

elegans, oocyte quality is maintained via three known genetic pathways. However, much is still unknown about 

these pathways, and the Murphy lab hypothesizes that undiscovered pathways and regulators exist. A previous 

graduate student in the Murphy lab carried out a pilot Mos1 transposon-mediated forward genetic screen to 

identify novel reproductive aging regulators, and seven untested candidate mutant lines from this screen were 

investigated in the current study. We found that two of these lines showed extended self-reproductive spans, and 

one of them had its Mos1 insertion between Y47G6A.14 and spg-7. Follow-up RNAi studies determined that 

Y47G6A.14 regulates reproductive aging, and the gene was renamed repx-2. Finally, we found that downregulation 

of repx-2 significantly extends mated reproductive span, and transcriptomic data suggested that repx-2 acts in the 

germline to regulate reproductive aging. Taken together, our findings expand on our knowledge of the genetic 

regulators of reproductive aging, which will be critical in the development of new modes of intervention in human 

maternal age-related reproductive decline. 

 
Investigating the Origin of Substrate Specificity in the Circadian NADP(H) Phosphatase Nocturnin 

Joshua Choi 
Advisor: Alexei Korennykh 

 

Nocturnin is a recently discovered gene that displays one of the highest-amplitude rhythmic expressions known 

and is expressed in many tissues of various organisms. Mice with targeted disruption of Nocturnin (NOCT) exhibit 

resistance to diet-induced obesity and hepatic steatosis. Originally, it has been proposed that NOCT deadenylates 

metabolic enzyme mRNAs as it has been found that NOCT has a close similarity to CCR4 deadenylase family 

members CNOT6L (the major deadenylase in yeast cytosol) and PDE12 (the major deadenylase in mammalian 

mitochondria). Indeed, all key catalytic residues present in CNOT6L and PDE12 are conserved in NOCT and have 

the same conformations. However, our lab recently refuted this model. We discovered that NOCT is a metabolic 

enzyme that does not cleave poly-A RNA, but instead converts NADP(H) to NAD(H) under control of the circadian 

clock. This study aims to determine the precise set of residues responsible for the substrate specificity of NOCT. 

Toward this end, I am using structure-guided mutagenesis of the protein accompanied by testing with biochemical 

assays. We expected that a switch of substrate specificity from NADP(H) to poly-A RNA could be achieved through 

mutations in the central active site based on differences between CNOT6L/PDE12 and NOCT. However, mutation 

of central active site residues was not sufficient for engineering deadenylase activity in NOCT, suggesting that the 

mechanism is considerably more interesting and mysterious. Future studies examining remote active site residues 

and global protein surface property differences should be completed in order to better understand the substrate 

specificity of NOCT. 

 

 

 



Behavioral Correlates of Procedural Automation and Deliberation in a Two Step Nose-Port Fixation Task in Rats 
Dominick Cioppa 

Advisor: Carlos Brody 
 

Behavioral rat studies distinguish between place and response strategies, also known as deliberation 
and procedural automation, which describe the general extent to which rats are consciously deciding 
between various outcomes. It is thought deliberation takes more time because the rat is referencing an 
internal model of the task to determine its actions as opposed to automation which would be more 
simple learned and reactive behavior. To identify these states a two step task is used in rats which 
requires them to make use of an internal model of task states to perform optimally. At a decision point, 
Vicarious Trial and Error (VTE) is associated with a deliberative state and path stereotypy with an 
automative one. In order to track rats noninvasively over many trials, DeepLabCut (DLC), a python 
package used for motion tracking is employed. DLC was successfully used to analyze and label videos of 
rats performing trials of the two step nose-port fixation task. However, VTE and path stereotypy analysis 
did not yield distributions which clearly showed the presence of VTE, or greater path stereotypy with 
more experience within reward blocks over the course of an experimental session. 
 
 

Probing the dynamics of Usutu virus infection, replication, and spread using an in vitro cell culture model 
Celeste Claudio 

Advisor: Alexander Ploss 
 

Viral outbreaks such as those caused by H1N1 influenza, Zika, Ebola viruses, and most recently, SARS-

CoV-2, are unpredictable and potentially devastating to global heath. Yet many of these emerging/re-

emerging pathogens lack research and public health prioritization. One such pathogen, Usutu virus 

(USUV) is a mosquito-borne, positive-sense single-stranded RNA virus in the Flaviviridae family. Despite 

its discovery over 60 years ago and reports of human neuroinvasive infection, the mechanisms of USUV 

replication, virulence, and pathogenicity are not well understood. As USUV exhibits a wide host range 

with varying degrees of pathogenesis, we examined its replication in relevant reservoir, host, and vector 

cell lines. Here, we show USUV replicated differentially across human, murine, avian, and mosquito cell 

lines, and induced the most severe cytopathic effects in human Huh7 hepatoma cells. Given the little 

genetic diversity among USUV strains, we hypothesize other isolates demonstrate similar replication 

kinetics across these cell lines. To facilitate interrogation of the USUV genome, we generated an 

infectious complementary DNA clone and recombinant USUV reporter virus. RNA transcribed from our 

infectious clone produced USUV proteins but exhibited low replication in cell culture. Characterization of 

its replicative ability in comparison to USUV isolates is still needed. Additionally, recombinant USUV 

expressing Gaussia luciferase did not yield fluorescent activity in cell culture. During replication, the 

flaviviral polyprotein is processed by a virally-encoded protease, which also targets host proteins. We 

established a cell culture expression system to investigate the role of the USUV putative protease in 

species-specific antagonism of host innate immune responses during infection, and expect USUV to 

possess a similar mechanism to that of its flavivirus relatives, cleaving proteins required for an 10 

intracellular antiviral response. Overall, this study represents steps toward reducing knowledge gaps in 

USUV molecular virology crucial to future surveillance, diagnosis, and antiviral development. 

 

 
 



Developing Tools to Identify Novel Protein Components of Drosophila Germ Granules Using BioID 
Sarah Coffey 

Advisor: Elizabeth Gavis 
 

During embryonic development, germ cells remain in a naïve state to maintain their ability to give rise to all cell 

types. RNAs necessary for preserving germ cell totipotency and for 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. Some germ granule proteins in Drosophila melanogaster have 

been identified, including Oskar (Osk), the main organizer protein. We sought to identify novel germ granule 

proteins using BioID, a proximity-dependent labeling method. We expressed a fusion of EGFP-Osk to the 

promiscuous biotin ligase BirA* in Drosophila germ cells with the GAL4/UAS system in order to tag germ granule 

proteins with biotin. Two strategies were used to generate excess germ granules and maximize the yield of 

biotinylated proteins: expression of EGFP-Osk-BirA* ubiquitously and at the anterior. Although we identified a 

combination of maternal GAL4 drivers that produced comparable expression of EGFP-Osk-BirA* and the control 

protein EGFP-BirA* ubiquitously in ovaries, EGFP-Osk-BirA* was poorly expressed in embryos. Alternative 

constructs that produced anteriorly localized EGFP-Osk-BirA* or Osk-BirA* without the EGFP tag also did not 

exhibit comparable embryonic expression to EGFP-BirA*. Three constructs remain to be tested to optimize the 

BioID labeling method for use in Drosophila germ granules. As several known germ granule components are 

conserved from Drosophila to humans, identifying novel proteins and elucidating their function should further our 

understanding of the role that RNP granules play in germ cells across many eukaryotic species. 

 

Taking Diabetes to Heart: An Assessment of the Early Emergence of Cardiovascular Disease and Known Risk 
Factors in Youth with Type 1 Diabetes 

David Cordoba 
Advisor: Tom Shenk  

Cardiovascular disease (CVD) is the most prevalent cause of morbidity and mortality in individuals with diabetes 
mellitus (DM). However, management for CVD is largely founded upon research with type 2 diabetes mellitus 
(T2DM) compared to other types of DM, such as type 1 diabetes mellitus (T1DM). T1DM, which is different from 
T2DM in terms of its pathogenesis and epidemiology, primarily affects children and adolescents. Thus, this thesis 
closely examines the relationship between youth-onset T1DM and the early emergence or presentation of CVD 
and the known risk factors. Upon providing a thorough review of the literature regarding T1DM itself and the 
development of CVD and its known risk factors, the thesis presents research work consisting of a retrospective 
cohort study on youth with T1DM in Western Australia (WA). The project investigated whether clinical and 
demographic characteristics at onset can independently predict the presence of known CVD risk factors within the 
first five years of diagnosis by utilizing binary multiple logistic regression models. The results from these models 
indicated that characteristics at onset, including age and year at onset, sex, socioeconomic status (SES), and 
baseline body mass index (BMI) z-score independently predicted the presence of these known risk factors in early 
life. While finer analyses are required to further understand this relationship given the limitations of the study, 
these findings can help inform current CVD screening guidelines and established CVD risk prediction models to 
enable for earlier interventions against the disease in this young population, thus mitigating their risk of 
developing CVD. 

 
 
 
 
 
 
 
 



Elucidating the Role of YTHDF1 in Mammary Gland Development and Breast Tumorigenesis 
Sofia Dimitriadoy 

Advisor: Yibin Kang 
 

Tumor initiating cells (TICs), or cancer stem cells, are a small subset of cancer cells that possess stem-cell-like 

properties, which confer malignant advantages that can lead to cancer initiation and progression. Understanding 

which of these regulatory mechanisms are shared with normal stem cells can therefore deepen our knowledge of 

TICs and illuminate new modes of therapeutic intervention. Here, we investigate YTHDF1, an RNAbinding protein 

that recognizes the N6-methyladenosine (m6A) RNA modification, as a potential novel regulator of self-renewal 

capacity and differentiation in mammary stem cells (MaSCs) and breast TICs. Using breast cancer cell lines 

depleted for Ythdf1 and Ythdf1-deficient mice, we show YTHDF1 is not necessary for normal mammary gland 

development, whereas loss of YTHDF1 promotes both mammary gland regrowth and tumorigenesis in vivo. Future 

mechanistic studies are needed to understand which shared downstream targets of YTHDF1 contribute to 

regulation of mammary gland regrowth and tumorigenesis. Our study therefore reveals a potentially new common 

regulator shared between MaSCs and breast TICs. 

 

NURTURING THE FOOD-MOOD CONNECTION: Disentangling the Nutritional and Tactile Effects of Nursing in the 
Long-Term Stress Response 

Kendra Dombroski 
Advisor: Catherine Jensen Pena 

 

Major depressive disorder (MDD) and generalized anxiety disorder (GAD) are etiologically complex conditions 

thought to stem from interactions between biological and environmental factors. The established early life stress 

(ELS) paradigm proposes a “two-hit” stress model, wherein mouse maternal separation in the early postnatal 

period leads to heightened depression- and anxiety-like behavior upon a second hit of stress during adulthood. 

However, the mechanisms by which maternal separation induces these behavioral changes remain ambiguous, as 

both tactile stimulation and nutrition are depleted during separation. The present study disentangles the 

nutritional and tactile aspects of ELS by investigating the effects of early-life nutritional and tactile care 

environments on behavioral outcome measures and epigenetic markers. We confirmed that ELS increases 

susceptibility to adult stress, and observed male-specific main effects of early experience on mouse depression- 

and anxiety-like behavior. Human cohort analysis revealed that quality nutrition is predictive of decreased 

depression only when accompanied by tactile care. Additionally, nutrition and tactile factors are implicated in 

synergistically slowing the process of methylation aging, though these effects are small among teenagers. These 

results inform future work which will contribute to a more complete understanding of early-life programming of 

the long-term stress response across mice and humans. 

 

Quorum Sensing and Type VI Secretion Dependent Genotypic Diversification in Aging V. cholerae Colonies 
Wenjuan Du 

Advisor: Bonnie Bassler 
 

Quorum sensing (QS) is a cell-cell communication process that allows bacterial populations to 
synchronize their gene expression patterns. In Vibrio cholerae, QS regulates expression of genes 
encoding the type VI secretion system (T6SS), an apparatus that enables inter-bacterial killing promoting 
survival in the presence of competing bacterial species. T6SS is activated at high cell densities by HapR, 
while it is repressed at low cell densities by LuxO. However, it is not known whether T6SS activity also 
affects the QS circuit. Here, I show that colonies of a V. cholerae isolate, with a constitutively active 



T6SS, spontaneously diversify into sub-populations that are QS and T6SS deficient. My data further 
suggest that T6SS activation may become maladaptive as colonies age because it makes them more 
vulnerable to self-intoxication. Thus, the emergence of these QS and T6SS inactive variants suggests that 
T6SS activation provides negative feedback to revert the system to a QS-inactive state, and this behavior 
may confer a fitness advantage to the new variant strains by lowering the risk of self-intoxication. 
 
 
 

Examining the Role of Integrin-Linked Kinase in High Glucose-Induced Fibronectin Matrix Assembly 
Thomas Ferrante 

Advisor: Jean Schwarzbauer 
 

Excess production of extracellular matrix (ECM) by kidney mesangial cells is a defining feature of the progression of 

diabetic nephropathy. An increase in assembly of the ECM component fibronectin (FN) by mesangial cells under 

the high glucose conditions associated with a diabetic state is thought to have a key role in this ECM expansion, 

which can eventually contribute to a loss of kidney function. Analysis of genes differentially expressed under 

normal and high glucose has provided insight into the pathways which may be involved in high glucose-induced FN 

matrix assembly. Integrin-Linked Kinase (ILK) is a pseudokinase found to be upregulated in mesangial cells under 

high glucose conditions. ILK possesses functions in regulating actin organization that may be relevant to FN matrix 

assembly, however the involvement of ILK in this process remains unclear. To understand the role of ILK in FN 

matrix assembly, the effects of changes in ILK expression on FN matrix assembly in NIH-3T3 fibroblast cells were 

measured by immunofluorescence. ILK levels were reduced by siRNA knockdown and ILK was over-expressed by 

transduction with a mEm-ILK fusion protein, which surprisingly both reduced FN matrix. To determine if ILK 

contributes to high glucose-induced FN matrix assembly in mesangial cells, ILK was knocked down using siRNA 

prior to growth under high glucose. FN matrix was greatly reduced, suggesting that ILK does contribute to FN 

matrix assembly in mesangial cells under diabetic conditions. Together these findings help to clarify the 

relationship between FN matrix assembly and ILK, while identifying ILK as a potential target in reducing ECM 

expansion during the progression of diabetic nephropathy. 

 

A Biosensor-Mediated Nanobody Screen for Changes in Isopentanol Flux in S. cerevisiae 
Ty Gardner 

Advisor: Jose Avalos 
 

The biosynthetic production of branched-chain higher alcohols (BCHAs) such as isopentanol (IpOH) in yeast 

presents a sustainable solution to produce carbon-neutral transportation fuels. Previous attempts to optimize the 

production of IpOH in yeast have focused on manipulating the expression of several genes directly involved in 

BCHA synthesis, but other endogenous proteins that may indirectly regulate flux through these pathways remain 

to be identified. The activity of such proteins may affect IpOH synthesis by directing cofactor production and 

turnover, mitochondrial transport of metabolites, ribosomal activity, or by directly competing for metabolic 

intermediates. In this study, we use libraries of camelid nanobodies and a GFP-based biosensor to perform a 

screen in S. cerevisiae for proteins whose activities affect IpOH production. We find that previous work on this 

project likely failed due to a lack of diversity in the nanobody plasmid library used. We perform a new screen using 

this IpOH biosensor and two different, more diverse nanobody libraries to identify sorted yeast collections that 

exhibit levels of fluorescence shifted above and below that of a baseline biosensor control strain. This study 

represents a substantial step toward demonstrating the viability of using camelid nanobodies in conjunction with 

an IpOH biosensor for a high-throughput screen to examine the metabolism of microbes used in synthetic biology. 



Further success may reveal new information about metabolic regulation in yeast and can potentially lead to the 

development of a strain that produces IpOH at increased titers. 

 

High-Throughput Localization of Proteins with Predicted Photosynthetic Function in the Green Alga 
Chlamydomonas reinhardtii 

Sophia Gavrilenko 
Advisor: Martin Jonikas 

 

Photosynthesis in modern plants is hindered by inefficiencies such as photorespiration, which is caused by the 

unintended oxygenase activity of the key photosynthetic enzyme Rubisco. Some organisms, such as the green alga 

Chlamydomonas reinhardtii, have evolved carbon concentrating mechanisms (CCMs) in order to mitigate this 

activity and increase their photosynthetic capacity. The introduction of CCMs into plants lacking these mechanisms 

presents an open avenue for increases in biofuel and crop yield. However, a greater understanding of the genes 

and proteins involved in photosynthesis is needed before the engineering of a complete, fully functional CCM into 

crop plants will be feasible. In the present study, we attempt to fluorescently tag and localize 97 candidate 

proteins with predicted photosynthetic function in Chlamydomonas, using a high-throughput pipeline designed by 

the Jonikas lab. We successfully localized 26 of these proteins and assigned them to one of 9 localization 

categories. 7 of these categories represent sub-chloroplast designations, encompassing 22 proteins. We also found 

12 proteins, some poorly characterized, to be present within the pyrenoid, the site of algal CCM activity. These 

results will inform a more complete understanding of photosynthesis and direct the selection of candidate 

photosynthetic proteins for future studies. 

 

The Effects of Cytokine Signaling and Memory Differentiation on Mammalian T-helper Cell Effector Phenotype 
Plasticity 

Alison Heilbronner 
Advisor: Andrea Graham 

 

T-helper (Th) cells polarize towards different effector phenotypes, including Type 1 and Type 2, which coordinate 

the defense against different classes of pathogens.  However, Th cells can also exhibit plasticity (i.e., alter effector 

phenotypes) when conditions change.  The coordination of the immune system into different effector phenotypes 

is made possible via cytokine signaling.  This effector phenotype polarization occurs concurrently with Th cell 

memory differentiation.  Although both memory differentiation and cytokine signaling affect Th cell effector 

phenotype plasticity independently, the interaction between the two, and the resultant effects on plasticity, have 

never been studied.  Here I show Th cell plasticity is concurrently affected by memory phenotype and cytokine 

signaling.  By simultaneously manipulating intercellular communication and phenotyping Th cells, my controlled in 

vitro studies show that cytokine signaling and memory status have dissimilar impacts on the plasticity of cells that 

are initially biased Type 1 then subsequently biased Type 2 (“Th1 \(\rightarrow\) Th2”) versus cells biased Th2 

\(\rightarrow\) Th1.  Cytokine signaling increases Th1 \(\rightarrow\) Th2 effector Th cell plasticity.  However, 

cytokine signaling impedes Th2 \(\rightarrow\) Th1 memory precursor Th cell plasticity.  These results demonstrate 

how signaling and differentiation factors interact to affect Th cell plasticity.  This interaction emphasizes the 

importance of considering these factors when designing vaccines and treating coinfections.  In both cases, Th cell 

effector phenotype polarization and plasticity must be carefully manipulated.  My work suggests that such 

manipulation depends on the cytokine environment and memory status distribution of Th cells, which is unique to 

each patient. 

 



Investigating the localization and self-organization of core planar cell polarity proteins using an endogenously 
tagged Fz6 fusion protein 

Michael Hill-Oliva 
Advisor: Danelle Devenport 

 

The planar cell polarity (PCP) pathway directs the polarity of epithelia and other planar tissues across 

animal phyla. In humans, the PCP pathway regulates hair follicle development and wound healing in the 

epidermis. Significantly, recent evidence has suggested that in mice, the core PCP protein Fz6 does not 

have an asymmetric localization in the epidermis, contrary to prevailing models. Critically, this evidence 

was produced in a system with multiple confounds, so this result must be clarified. On a more 

fundamental level, there is present ambiguity surrounding the nuanced process by which PCP proteins 

interact to establish their polarity. In this thesis, I report on the development and characterization of an 

endogenously tagged Fz6-3xGFP mouse line and cell line which are very useful for investigating these 

two areas of ambiguity. With live imaging and immunohistochemistry, I demonstrate that this protein 

can be visualized live in vivo and localizes normally over time both in vivo and in cell culture. Further, I 

utilize this mouse line along with a mosaic cell culture technique and extended resolution confocal 

microscopy to provide preliminary evidence that Fz6 has a unipolar localization, contradicting the recent 

report. Lastly, I report on the limitations of and alternatives to a micropatterning approach that may be 

eventually useful in combination with this cell line to clarify the mechanism of PCP establishment, but 

currently does not permit long term cell survival. Ultimately, this project describes the first 

endogenously tagged PCP protein which has applications in diverse future studies of the PCP pathway. I 

provide future directions that could expand on preliminary results provided in this report to clarify open 

questions relating to PCP. 

 

HIF-1α as a Therapeutic Target to Combat Oxidative Stress in Parkinson’s Disease 
Moses Im 

Advisor: Jeffry Stock 
 

Currently there is an established link that the accumulation of reactive oxidative species (ROS) leads to 

mitochondrial dysfunction and apoptosis, which is implicated in the formation of Parkinson’s disease (PD). 

However, there has been a lack of antioxidants that are effective therapeutics for PD patients. In this thesis, HIF-

1α, a recently discovered transcription factor, is discussed in its role in a large cellular regulatory system. One of 

the responses from this system is to combat oxidative stress through the reduction of ROS by upregulating 

downstream mitochondrial enzymes and microRNA such as LDHA, PDK1, COX4-2, LON, and miR-210. The 

stabilization of HIF-1α can also activate BNIP3-induced autophagy of the mitochondria (mitophagy), which is 

important for the clearing of damaged mitochondria. This is crucial as HIF-1α can serve as a potential antioxidant 

therapeutic target for PD patients. Furthermore, this thesis makes a novel synthesis that given some existing 

research in cardiac myocytes, it is possible for HIF-1-BNIP3-induced mitophagy to be PINK1 independent, a crucial 

feature since mutations in the PINK1-Parkin pathway have been shown to cause disrupted mitophagy and 

contribute to PD pathogenesis. However, future work is necessary to clearly demonstrate that HIF-1-BNIP3-

induced-mitophagy is PINK1 independent in dopaminergic neurons while also demonstrating that HIF-PHD 

inhibitors can effectively rescue dopaminergic neurons in PD models with a compromised PINK1-Parkin pathway. 

 

 



A “DEEP” alternative to heterologous protein expression 
Alex Jiang 

Advisor: Michael Hecht 

Recombinant protein expression in microbial hosts is needed to produce high yields of proteins that are expressed 
in endogenous tissues. Heterologous expression also has an increasing influence in the development of 
biopharmaceutical products. To assist with the demands for high and stable expression of recombinant proteins, 
expression-augmenting tags that confer stability and solubility are often fused to difficult-to-express proteins. To 
date, all current fusion tags are natural proteins with well-folded structures. Here, I describe the design of DEEP1 
(De novo Expression Enhancer Protein 1), the first highly stable de novo protein that allows for increased 
expression and greater purification yields for three peptide targets—Trp cage, Aβ42, and LS3—which respectively 
represent a soluble, aggregating, and hydrophobic sequence. Using a Ni(II)-immobilized metal affinity 
chromatography (Ni[II]-IMAC) and high-performance liquid chromatography, we purified and quantified DEEP1 
constructs and compared the yields to constructs fused to a standard expression tag, SUMO. We found that DEEP1 
outperforms SUMO in all three constructs, leading us to hypothesize that DEEP1 is a versatile tag for the 
expression of proteins varying in biochemical profiles. DEEP1 was next engineered for enhanced Ni(II)-IMAC 
purification by replacing four consecutive residues with histidine residues. This new construct, DEEP2, shows 
similar stability and expression but stronger binding to the Ni(II) column than DEEP1. Taken together, these 
findings support the hypothesis that DEEPs can serve as adaptable expression tags for sequences that are difficult 
to purify and/or express. In future studies, we aim to test this pioneering technology with more target proteins and 
compare yields to those when tagged with SUMO. Additionally, we plan to elucidate the mechanism for DEEP1’s 
expression-enhancement properties. 

 
 
 
 

Structure-function analysis of how XMAP215 binds γ-Tubulin for microtubule nucleation 
Sarah Jun 

Advisor: Sabine Petry 
 

Microtubules are long, cylindrical polymers that are crucial to cell structure, function, and division. Until recently, 

γ-Tubulin Ring Complex (γ-TuRC) was recognized as the primary microtubule nucleating protein. However, recent 

studies have revealed that a previously known microtubule polymerase, XMAP215, synergistically nucleates 

microtubules with γ-TuRC and binds γ-tubulin via its C-terminal domain. Yet, the exact binding region of this 

interaction remains to be determined. XMAP215 is a multi-domain protein containing five TOG (Tumor 

Overexpressed Gene) domains that bind and recruit αβ-tubulins during its polymerase activity. However, the 

discovery of a cryptic sixth TOG domain within the highly conserved C-terminus of XMAP215 has led to the 

hypothesis that this TOG6 domain may serve as the primary γ-tubulin binding region in XMAP215 by mirroring the 

tubulin binding abilities of classical TOGs. Various truncation constructs of the C-terminal domain of XMAP215 

were expressed and purified to further elucidate the exact binding interface within XMAP215’s C-terminal region. 

These constructs were tested in pull-down binding assays with γ-tubulin to assess the individual binding abilities of 

the Linker-4, TOG5, C-terminus, and TOG6 domains. I conclude that the C-terminus of XMAP215 is sufficient and 

necessary for γ-tubulin binding in XMAP215, whereas the Linker-4 and TOG5 domains are not required for this 

binding interaction. Though the TOG6 domain was shown to bind γ-tubulin, its binding strength was not equivalent 

to that of the full-length C-terminus. γ-tubulin binding also occurred beyond the TOG6 domain, suggesting that the 

binding schema within XMAP215’s C-terminus is more complex than the initial hypothesis. Still, the findings of this 

investigation further solidify the synergistic nucleating function of XMAP215 by identifying a structural basis for its 

binding interaction with γ-tubulin. 

 



Enhancing Signaling Flux via Light-Induced Assembly of the Mitogen-Activated Protein Kinase (MAPK) Pathway 
Haeun Jung 

Advisor: Jared Toettcher 
 

Liquid-liquid phase separation of macromolecules occurs in many cellular contexts. The functions of the resulting 

droplets, however, have been less well understood. One hypothesized function of protein droplets specifically is to 

locally increase the concentration of enzymes and substrates, enhancing reaction rates and allowing for greater 

flux through cellular pathways. This hypothesized function makes protein phase separation an appealing avenue 

for synthetic biology because it allows one to design stimulus-responsive droplets to concentrate proteins of 

interest and tune flux. However, the limits of this hypothesized function remain unexplored, making it difficult to 

determine which pathways would benefit from synthetic cluster formation. To explore the hypothesis that 

clustering could enhance flux through a signaling pathway, we set out to create light-responsive droplets 

containing model kinase-substrate pairs drawn from MAP kinase signaling pathways. Using the p38 pathway as a 

model system, we find that light-induced clustering and light-induced heterodimerization achieve similar levels of 

flux enhancement. Furthermore, in agreement with the idea that local concentration affects signal enhancement, 

we find that if components of the p38 pathway are already co-localized through a linker, clustering has no effect. 

Similarly, the JNK pathway, which contains an endogenous scaffold protein, does not show flux enhancement 

when clustered. We use the results from this study to suggest that scaffold proteins co-localize proteins in order to 

mediate flux in kinase pathways, though further testing is needed. Ultimately, the findings in this work contribute 

to establishing a better understanding of the effects of liquid-liquid phase separation and the role of scaffold 

proteins in the context of cellular pathways. 

 

Investigating the relationship between cell fate and collective cell migration in hair follicle morphogenesis 
Keunho Kim 

Advisor: Danelle Devenport 
 
Various processes of life such as development, wound healing, and cancer metastasis depend on collective cell 
movement, where cells that are connected with each other and exhibit shared cellular polarity move in a collective 
manner. The skin tissue, in particular, is a site where collective cell movement is constantly in play. During 
embryonic hair follicle development, hair placodes comprised of two distinct cell types undergo collective cell 
rearrangements in a counter-rotational pattern. Previous research has revealed the two cell types have distinct 
transcriptional profiles, and the presence of both cell types is required for counter-rotational movements. 
However, how each cell type and its respective transcriptional profile contributes to the counter-rotational 
movement of the placode is still not known. Here we show that the outer cell fate contributes to the directionality 
of the collective cell movement during placode polarization. When outer cells are lost, the placode fails to polarize, 
which usually results from a loss of placode directionality. We additionally show our attempt to eliminate the inner 
cell fate through manipulation of the dermal condensate, a collection of specified dermal fibroblasts below the 
placode. While we were unable to deplete the inner cell population nor the dermal condensate, we gained insight 
on the robustness of the dermal condensate population. Our results demonstrate the interplay necessary between 
different cell types during a dynamic process of development where cells work together to ensure proper cell 
specification and tissue morphogenesis. My study brings up interesting aspects of hair follicle development that 
have yet to be explained. The questions that arise during the study may fuel future research and projects to better 
understand hair follicle morphogenesis and collective cell movement. 
 

 
 
 
 



A Functional Analysis of Calcium Channel painless and dTRPA1 in Germ Cell Migration in Drosophila 
Melanogaster 

Yunah Kim 
Advisor: Girish Deshpande 

 

Primitive embryonic gonad in Drosophila melanogaster consists primarily of two types of cells, Primordial Germ 

Cells (PGCs) and Somatic Gonadal Precursor cells (SGPs).  While SGPs are stationary, PGCs undergo directed 

migration across the embryo. It is proposed and widely supported that the signaling ligand Hedgehog (Hh) plays a 

significant role in directed migration of the PGCs to the SGPs. The SGPs themselves synthesize Hh, in addition to 

several other genes involved in modulating range/strength of Hh signaling in germ cell migration.  However, the 

germ cell autonomous factors and mechanisms that enable PGCs to receive and act upon the attractive signals 

emanating from the SGPs are unclear.  Moreover, how this signaling event is eventually translated into directed 

motility to the correct location in the embryo is also unclear. This paper proposes that Painless, a Calcium channel, 

contributes to this particular aspect of germ cell migration and likely serves as one of the aforementioned cell 

autonomous factors. Recent studies have demonstrated that calcium channels including Painless and TRPA1, are 

involved in Drosophila nociception, signaled by the same Hh ligand.  As painless is expressed in a germ cell-specific 

manner, we investigate the involvement and function of painless in the reception of signaling and migration of 

PGC’s. 

 

Investigating the Role of the hnRNP Glorund in the Drosophila Central Nervous System 
Bojan Lazarevic 

Advisor: Elizabeth Gavis 
 
Heterogeneous nuclear ribonucleoproteins (hnRNPs) are the most abundant RNA-binding proteins and are 
involved in every aspect of post-transcriptional gene regulation. In mammalian neuronal cells, the hnRNP F/H 
family is necessary for proper localization and translation of mRNA within axons, as well as axonal growth. 
Dysfunctions in human hnRNP F/H proteins have been linked to various neurodegenerative and 
neurodevelopmental disorders such as Parkinson’s disease and autism. Glorund (Glo) is the sole member of the 
hnRNP F/H family in Drosophila. Glo functions in several RNA regulatory steps during oogenesis, including 
alternative splicing and translational repression. During embryonic development, glo mRNA and protein become 
highly expressed in the central nervous system (CNS) of Drosophila. However, the role of Glo in the CNS has yet to 
be elucidated. Since Glo is highly expressed in the CNS, it may be involved in CNS development and the regulation 
of multiple CNS RNAs. Embryonic CNS morphology was analyzed in homozygous glo mutant embryos to determine 
if Glo plays a role in CNS development. Additionally, RNA co-immunoprecipitation experiments were performed 
and the HyperTRIBE method was attempted to search for in vivo targets of Glo. Although I was unable to fully 
complete the experiments, RNA co-immunoprecipitation results suggest Glo binds to IGF-II mRNA binding protein 
(imp) mRNA in stage 12–16 embryos. The work presented in this thesis has provided a foundation for several 
future experiments to probe Glo’s necessity in CNS development and for identification of multiple CNS targets of 
Glo, which will lead to a broader understanding of the multifunctionality of Glo and potentially the hnRNP F/H 
family as a whole. 
 
 

Investigating the Role of Chronic Stress in the Regulation of Telomere Length in Mice 
Annabel Lee 

Advisor: Dan Notterman 
 
Chronic stress is a well-established risk factor for many adverse health effects; however, the mechanism is poorly 
characterized, and it remains unclear as to how stress influences the onset of age-related disease. Some research 
has suggested that allostatic load mediates this mechanism through increases in cortisol levels, and this 



relationship between chronic stress, cortisol elevation, and reduced telomere length has been investigated in 
humans, rodents, and birds. This thesis utilizes two models of chronic stress – chronic restraint stress (CRS) and 
repeated corticosterone injection (CORT) – in order to explore the biochemical mechanisms through which stress 
affects telomere shortening in mice. This research aims to provide evidence for the pivotal role of corticosterone in 
the regulation of telomere biology as well as in the manifestation of chronic stress as negative physical and 
behavioral health outcomes. In order to find differences in physical, behavioral, and telomeric changes, mice were 
examined for corticosterone levels, epinephrine levels, body weight, blood glucose levels, anxiety behaviors, and 
changes in telomere length of hippocampus, testes, and ten other tissues. Both CRS and CORT mice showed high 
levels of corticosterone in serum. Differences in telomere homeostasis appeared to be tissue-specific: specifically, 
CRS and CORT mice showed telomere shortening in brain tissues and telomere lengthening in testes. Further 
examination of telomerase activity in these tissues will help determine whether telomere length regulation during 
chronic stress occurs through a telomerase-dependent mechanism. 
 

 

Reflection of Hippocampal Cell Ensemble Activation Patterns in Model-Based Behavior in Rodents 
Daehee Lee 

Advisor: David Tank 
 

Although much is known about the role of the hippocampus cell ensemble activation patterns in supporting the 

navigation and localization of rodents, there has only been limited data on how the same patterns reflect and 

support model-based planning, or planning based on an internal model of the rodent’s environment. This study 

therefore investigated the existence of model-based planning in rodents using a specialized spatial odorant-

memory task and the corresponding hippocampal cell ensemble activation patterns. By performing this task, it was 

possible to theoretically differentiate between model-based and other behaviors while hippocampal cell ensemble 

activations were measured using calcium imaging. The results indicate that although there is evidence of model-

based planning in rodents, it is utilized with other behaviors for the spatial odorant-memory task. Such findings 

suggest that to fully capture the relationship between the hippocampal cell ensemble activation and model-based 

behavior, model-based behavior’s definition should be improved and more of their corresponding neural data 

must be collected. 

 

Analysis of SM-SNARE Interactions in Golgi-to-ER Retrograde Vesicular Transport 
Winston Lie 

Advisor: Fred Hughson 
 

SNAREs form membrane bridging complexes to enable fusion. For this to occur, a SNARE must 
selectively assemble in proper alignment with its three cognate SNAREs to form a four-helix bundle. 
Sec1-Munc18 (SM) proteins are thought to facilitate SNARE complex formation, though the precise 
mechanism remains a mystery. In order to gain insight into how SM proteins and SNAREs interact, in 
vitro binding and SNARE assembly assays were performed using the SM protein Sly1 and its cognate 
Golgi-to-ER retrograde SNAREs. Our results reveal that the Qa-SNARE, Ufe1, has a propensity to form 
inactive oligomers mediated by asymmetric associations between the SNARE domain of one monomer 
and the Habc domain of another. Binding of Sly1 rescues Ufe1 back to a monomeric form. SNARE 
assembly assays further reveal that the Sly1:Ufe1 interaction precedes SNARE complex formation and 
that Sly1 acts as both a chaperone and a catalyst in this assembly reaction. There is a dynamic 
equilibrium present between oligomerized Ufe1, monomeric Ufe1 bound to Sly1, and Ufe1 in the SNARE 
bundle with the Sly1:Ufe1 complex being the kinetic product and the SNARE bundle being the 



thermodynamic product; Sly1 was not observed to bind to the SNARE bundle, suggesting it disengages 
with Ufe1 shortly before SNARE assembly is complete. Biochemical analysis of Sly1 surface properties 

suggest that the SM protein can engage with SNAREs at the SNARE domains if a regulatory helix, 20, is 
displaced. Dislodging this helix appears to require another agent/factor. Overall, this work offers new 
insights 7 into Sly1’s role in Golgi-to-ER retrograde trafficking and points to mechanisms that may be 
more broadly applicable to other SM-SNARE interactions.  

 
 

Investigating the Phenotypic Effect of the A158G Mutation in the RRAS2 Gene on Embryonic Growth and 
Development 

Juliet McGowen 
Advisor: Rebecca Burdine 

 

The RASopathies are a collection of clinically similar developmental disorders characterized by congenital heart 

defects, craniofacial anomalies, growth defects, cognitive impairment, and a predisposition to develop cancer. 

These developmental disorders are caused by dysregulation of the RAS/mitogen-activated protein kinase (MAPK) 

signaling pathway, which is critically involved in a variety of cellular processes required for organismal 

development and morphogenesis. Germline mutations in components of the RAS/MAPK pathway have been 

associated with RASopathies; however, a notable fraction of patients with RASopathy or RASopathy-like disease do 

not have mutations associated with a specific RASopathy disorder. Recently, germline mutations in the RRAS2 

gene, a GTPase with high similarity to Ras, were reported to be associated with Noonan syndrome. This study 

analyzes the phenotypic effect of a novel potential pathogenic variant in the RRAS2 gene, A158G, using zebrafish 

as a model organism. Zebrafish larvae overexpressing RRAS2A158G showed growth defects, reduced body length, 

delayed cardiac development with laterality defects, craniofacial anomalies, and pigmentation defects. The 

phenotypes observed in these zebrafish models are comparable to the symptoms of patients with RASopathy 

disorders and are consistent with the phenotypes observed in zebrafish models of RASopathies, notably Noonan 

syndrome. These findings indicate that the A158G mutation in the RRAS2 gene induces developmental defects in 

zebrafish embryos and is a likely cause of the RASopathy-like disorder observed in the patient with this specific 

mutation. 

 

FIGHTING THE ANTIBIOTIC RESISTANCE CRISIS:  An Exploration into the Role of the Pneumococcal Vaccine and 
its Non-Specific Effects in Ameliorating Antibiotic Resistance 

Nikita Nangia 
Advisor: Tom Shenk 

 

Antibiotic resistance kills thousands and costs millions in healthcare-related expenses worldwide. A lack of 

investment in new antibiotics coupled with the ineffectiveness of current stewardship programs has created a need 

for innovative solutions to reduce resistance rates. This paper aims to determine if the pneumococcal vaccine (PCV), 

which protects against S. pneumoniae bacteria, is a candidate to combat antibiotic resistance. Recent studies have 

demonstrated that vaccines possess non-specific effects which are positive health impacts outside the intended 

impact of the vaccine. They are a result of immunomodulation or changes to the immune system by the vaccine. 

PCV has been shown to have non-specific effects that reduce disease incidence. It was hypothesized that this health 

improvement leads to a diminished need for antibiotics, which in turn would slow rates of resistance. To investigate 

this hypothesis, data from demographic health surveys (DHS), collected in 2017-2018 by the United States Agency 

for International Development (USAID) in Pakistan was analyzed to compare the odds of disease incidence and 

antibiotic use between children vaccinated with PCV and those who were not. Pakistan’s over-the-counter policy 

regarding antibiotics, national use of PCV, and the availability of such recent survey data made it a strong candidate 



for this analysis. The analysis was stratified by gender, age, sex, breastfeeding status, wealth, region, and maternal 

education level. The results illustrate a decrease in the incidence of illness symptoms (diarrhea and acute respiratory 

illness) correlating with increasing doses of the pneumococcal vaccine. Additionally, the data also demonstrate a 

decrease in the odds of antibiotic use in vaccinated children, antibiotic use was further reduced with each additional 

PCV dose and was statistically significant and especially pronounced in breastfed children. These findings delineate 

the potential for utilization of the pneumococcal vaccine as a deterrent for antibiotic use and therefore as a potential 

solution for the rapidly worsening antibiotic resistance crisis. 

 

Transcriptional Dynamics of scylla and charybde in the Drosophila melanogaster embryo 
Agatha Okobi 

Advisor: Mike 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. Here, it is hypothesized that a 

recurring sequence called the GAGA sequence mediates long range promoter-enhancer interactions by helping to 

loop DNA. Experimentation will be based around the genes scylla and charybde as a result of the presence of 

GAGA sites in their promoter sequences and their participation in long range enhancer-promoter interaction 

performed over 235kb. In this investigation, several lines were generated to evaluate the role of GAGA elements in 

establishing long range interaction and observe the transcriptional dynamics of scyl and chrb. 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. 

 

Investigating the role of YciM as an Adaptor Protein Regulating Lipopolysaccharide Synthesis in  Escherichia coli 
Ebun Olunuga 

Advisor: Tom SIlhavy 
 

The outer membrane (OM) of Gram-negative bacteria such as Escherichia coli displays a unique 
asymmetric organization of lipids, with phospholipids 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. Because 
LPS is integral to maintaining the OM defense, its production is tightly regulated within the cell, 
particularly at the first committed step of LPS biosynthesis, catalyzed by the enzyme LpxC. YciM is 
known to negatively regulate LPS levels by facilitating the proteolysis of LpxC via the FtsH protease. 
While it is known that YciM interacts with both FtsH and LpxC, how these interactions work is still not 
fully understood. This study aimed to further characterize the role of YciM within this pathway, and to 
gain further insight into how and where YciM interacts with its known binding partners, as well as to 
potentially discover any additional binding partners of YciM. Through this study, it was discovered that 
overexpression of yciM is toxic to cells. This is believed to be a result of too much degradation of LpxC, 
which lowers LPS levels and weakens the OM, and experiments in progress were to confirm this. 
Completion of this study will provide further insight into the careful regulation of LPS production, 
ultimately aiding in the understanding of OM biosynthesis. Additionally, further understanding of this 
pathway can offer additional targets for the development of new antibiotics. 



Cryo-EM Structural Determination of Nav1.7-NaChBac Chimera and Df1a Toxin 
Cam On 

Advisor: Nieng Yan 
 

Ion regulation is an essential mechanism in the propagation of action potentials in nervous tissues. The influx of 

sodium ions is controlled by transmembrane Nav channels. Voltage-gated Nav1.7 is one such channel that 

propagates action potential in peripheral sensory neurons. Mutations in Nav1.7 have been linked to neurological 

disorders such as congenital indifference to pain, Dravet syndrome, and primary erythromelalgia. Furthermore, 

there are numerous animal toxins, such as Df1a, that act as gating modifiers to inhibit the channel, producing 

numbing effects. Therefore, Nav1.7 is a strong model for studying analgesics and channelopathies. Although the 

channel serves important medical and pharmacological purposes, decades of research have yet to completely 

elucidate the conformations and mechanisms utilized by Nav1.7 due to poor purification behavior. This 

investigation utilizes NaChBac, a prokaryotic equivalent to Nav1.7, to capture high resolution images and construct 

a model of the complex formed between Nav1.7 and Df1a through single-particle electron microscopy (Cryo-EM). 

The voltage-sensing domain II (VSDII) of Nav1.7, the site where Df1a is known to interface with, is substituted into 

NaChBac, producing a VSDII-NaChBac chimera. The chimera was reconstituted into nanodisc, a lipid bilayer 

construct, and vitrified for imaging. This study presents a 3.4 angstrom model of the chimera in nanodisc and a 3.7 

angstrom model of the chimera and toxin complex in nanodisc. The results provide insight into protein purification, 

dynamics and imaging, useful for pharmacological framework and drug design in treating channelopathies. In 

addition, NaChBac proves to be a strong model for studying eukaryotic Nav channels. Further optimization of the 

study will elucidate the mechanisms of Df1a acting on Nav1.7. 

 

Development of High-Throughput Tools for the Investigation of Quorum Sensing in Vibrio cholerae 
Megan Ostrowski 

Advisor: Bonnie Bassler 
 

The global pathogen Vibrio cholerae uses a process called quorum sensing (QS) to detect the presence of other 

bacteria in its environment through small molecules called autoinducers (AIs) and it alters behavior accordingly. 

While the last few decades have uncovered remarkable information about the genes and mechanisms that control 

QS, most studies to date have been performed in well mixed cultures in which only one or two AIs are present, 

conditions that are not necessarily reflective of the complex habitats in which bacteria naturally reside. In the first 

part of this thesis, I establish a new assay for probing a three-dimensional matrix of 512 intermediate conditions 

containing three AIs: CAI-1, AI-2, and DPO. I discovered that CAI-1 and AI-2 each have only a modest effect on the 

readout, light production, and that this effect is greatly amplified when the other AI is present. DPO functions to 

amplify the output signal further without inducing light when in isolation or when only CAI-1 or AI-2 is also present. 

This result provides evidence of the QS circuit as a coincidence detector. Importantly, I describe novel methods of 

data visualization that enable analysis of the complex data sets that result from these assays. While measurements 

of bulk population-wide reporters are helpful to make general conclusions about the state of QS, a major hurdle in 

our ability to understand the QS circuit at the single-cell level stems from the lack of functional fusions of QS 

proteins to fluorescent proteins. In this thesis, I establish a method to identify functional fusions using randomized 

linkers between the protein and the fluorescent tag. With this high-throughput approach, the hope is to identify 

principles dictating the functionality of different linker fusions and to extrapolate this understanding to other 

proteins of interest. Finally, I show that establishing a large linker library through a novel application of a Gibson 

Assembly is viable for applications in high-throughput single cell sorting, isolating fusions by functionality, and 

identifying them by subsequent sequencing. 

 



Rethinking Nicotine Use: An Evaluation of the Efficacy of Nicotine Containing Smoking Cessation Products and 
the Potential of Nicotine to Treat Diseases 

Nicholas Persaud 
Advisor: Jeffry Stock 

Nicotine is an addictive drug that is naturally found in the tobacco plant which is used to make tobacco products 
such as cigarettes. Due to the multiple dangers associated with the use of cigarettes, smoking cessation products 
have flooded the market. This includes products such as nicotine replacement therapy, e-cigarettes, and vape 
products. However, the efficacy of these products has come under scrutiny due to conflicting research in which 
some say the products are effective while others say they are not. Therefore, one of the aims of this thesis is to re-
evaluate the efficacy of smoking cessation products. This was accomplished by distributing a survey to users of 
smoking cessation products as well as to general practitioners (GPs) to gain two perspectives on the efficacy of 
smoking cessation products.  In addition, in regard to nicotine specifically, there has been speculation about its 
therapeutic potential. This can be drawn back to the self-medication hypothesis which is the theory that people 
diagnosed with schizophrenia often smoke cigarettes to alleviate the symptoms associated with the disease. With 
that in mind, this thesis also aims to identify the benefits and adverse effects of nicotine consumption, as well as 
the different neurological diseases it can potentially treat.  This will serve to measure the therapeutic potential of 
nicotine. To accomplish this aim, a literature search was conducted, and a survey was distributed to current users 
of smoking cessation products diagnosed with Parkinson’s disease and GPs. The findings of this thesis show that 
NRT and ENDS products are not effective for smoking cessation purposes, but nicotine has great therapeutic 
potential in multiple diseases including neurological diseases. 

 
 

 
We Work Hard but Our Bacteria Work Harder: An Investigation into Fludarabine Metabolism by the Gut 

Microbiome 
Dani Peters 

Advisor: Mohamed Abou 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 the microbiome 

environment. Previous studies have suggested that Escherichia coli breaks this drug down to a purine base and 

that a purine nucleoside phosphorylase encoded by this bacteria enhances fludarabine’s antitumor activity. 

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-drug interaction occurring has not been 

concretely demonstrated. The present study sought to clarify the details of fludarabine’s metabolic pathway in the 

body by testing common gut microbiome components for their ability to metabolize this drug and using mutant 

Escherichia coli strains with specific gene knockouts to identify the enzyme driving the conversion of fludarabine to 

its purine base. Compounds that are structurally and functionally analogous to fludarabine were also examined to 

determine whether the mechanisms of gut microbiome-based metabolism were conserved among fludarabine’s 

drug class. These experiments revealed that the Escherichia coli purine nucleoside phosphorylase deoD-type, 

encoded by the deoD gene, catalyzes a phosphorylation and subsequent deglycosylation reaction to liberate 

fludarabine’s purine base. This implicated gene was then used to detect other bacteria with deoD homologs that 

may interact with fludarabine as well. Tests with fludarabine analogs also exhibited similar gut microbiome-derived 

metabolic steps, suggesting that fludarabine may serve as a proxy for studying the metabolism of the purine 

nucleoside drug class. These findings provide a better understanding of fludarabine metabolism that further 

illuminates the importance of the gut microbiome in an individual’s response to oral drugs. Such comprehension is 

beneficial to developing safer and more effective drug use within the personalized medicine field. 

 



Crus control: Left-right specific lateralization of nonmotor cognitive tasks in cerebellar crus I in mice 
Tiffany Pham 

Advisor: Sam Wang 
 

While the cerebellum is canonically recognized as a sensory and motor structure, it boasts extensive connections 

to regions of the neocortex implicated in cognitive function, affect, and reward. Individuals with autism have been 

found to have specific lateralization of symptoms in cerebellar crus I. To analyze this pathway and cerebellar 

influence on distal neocortical structures, we used Designer Receptors Exclusively Activated by Designer Drugs 

(DREADDs) to chemogenetically and reversibly perturb Purkinje cells in right or left crus I of adult mice. DREADD 

agonist clozapine-N- oxide (CNO) was administered via intraperitoneal injection at the time of testing to induce a 

unilateral perturbation of crus I. After conducting open field and Y- maze assays, we found lateralization of crus I 

effects on both exploratory and flexible behavior. Animals with an acute right crus I perturbation demonstrated 

increased exploration on day 2 of the open field assay, suggesting abnormal habituation to a novel environment. In 

addition, right crus I mice demonstrated a substantially reduced ability for Y-maze reversal. Using whole brain 

mapping of c-Fos, a neuronal marker, we found unique structures important for flexible behavior and resulting 

reduction in crus I Purkinje cell output. This study provides novel evidence that the adult mouse cerebellar crus I is 

left-right lateralized with respect to reversal learning. An understanding of the relationship between behavior and 

cerebellar function is essential in working to identify novel therapeutic strategies and targets for individuals with 

ASD. This work therefore produces meaningful contributions to the field of autism research, especially to the 

population of adults with ASD who so often are overlooked in autism research. 

 

Characterizing the Role of Lamin B1 Acetylation in Regulating the Integrity of the Nuclear Periphery 
Pranav Rekapalli 

Advisor: Ileana Cristea 
 

The beta-herpesvirus human cytomegalovirus (HCMV) is a ubiquitous pathogen that causes critical 

diseases in pregnant women and immunocompromised patients, yet effective vaccines and antiviral 

treatments remain elusive. HCMV relies on the spatiotemporal remodeling of host cell organization and 

the rewiring of organelle and protein functions for virus replication and spread. A key subcellular 

location for these processes is the nucleus, where viral genome replication, gene expression, DNA 

packaging, and capsid assembly all occur. Evidence points to the acetylation of host immune proteins as 

an important post-translational modification in regulating their subcellular localization and/or protein-

protein interactions and functions during viral infection. Additionally, our lab recently showed that 

acetylation of nuclear laminar proteins inhibits viral replication through the maintenance of nuclear 

integrity. This was primarily mediated by a site-specific acetylation of lamin B1 (LMNB1), a core 

component of laminar structure, at lysine 134 (K134). In my thesis, I utilize molecular virology, mass 

spectrometry-based proteomics, and confocal microscopy to further characterize the function of LMNB1 

acetylation during HCMV infection. I find that acetylation at K134 increases LMNB1 association with 

nuclear periphery proteins, impairs viral genome replication, and inhibits the production of viral proteins 

needed for DNA packaging. I also expand our understanding of acetylated LMNB1 functions by 

demonstrating that site-specific acetylations can toggle LMBN1 between an anti-viral (residues K261, 

K389) and pro-viral (K102) state. Finally, I show that the role of LMNB1 acetylation in stabilizing nuclear 

integrity broadly impacts cell biology by characterizing a novel function in regulating the G1/S 

checkpoint of the cell cycle. Taken together, this thesis further 10 demonstrates novel, critical roles for 



LMNB1 acetylation in the tug-of-war between viruses and their hosts and uncovers LMNB1 acetylation 

as a regulatory mechanism in cell cycle progression. 

 

Metadherin Promotes Triple-Negative Breast Cancer Progression and Metastasis by Inducing Immune Evasion 
Michelle Rowicki 

Advisor: Yibin Kang 
 

Patients with triple negative breast cancer (TNBC) exhibit poor prognosis and have limited treatment options. 

Recently, immunotherapies have shown improved clinical response and survival, but many patients show 

resistance and limited improvement. Understanding differences in these patients’ molecular markers will aid in 

elucidating mechanisms of immune escape and proposing new targets for treatment. Metadherin (MTDH) has 

previously been reported as a molecular marker to predict prognosis of TNBC. However, how MTDH regulates 

TNBC progression and metastasis is still largely unknown. In this study we utilize a murine tumor cell and immune 

cell co-culture platform coupled with a CRISPR-dCas9 activation screen to identify novel candidate genes that 

account for MTDH’s function in TNBC. Our results indicate that MTDH promotes TNBC progression and metastasis 

by enhancing immune evasion. Mechanistically, LITAF and NOXP20 may function in association with MTDH to 

confer tumor cells with immunosuppressive potential. We also propose further study of the LITAF-NOXP20-MTDH 

signaling axis and mechanistic validation of interactions and downstream effects. Understanding how these 

proteins influence immune regulation and evasion of immune defense will open up new territory for predicting 

response and improving prognosis. Equal accessibility and awareness of these novel treatments will improve 

prognosis and survival rates in all breast cancer patients. 

Investigating the Regulation of the Innate Immune Responses of PRV-Becker and PRV-Bartha Infections in 
Neurons In Vitro 

Ashley Salimbangon 
Advisor: Lynn Enquist 

 

Pseudorabies virus (PRV) is a swine alphaherpesvirus that is closely related to human herpes simplex virus type 1 

(HSV-1) and varicella-zoster virus (VZV). The virus also infects a large number of mammals, including sheep, dogs, 

and rodents. In these non-natural hosts, infection with a virulent wild-type PRV strain (PRV- Becker), causes a 

neuropathic itch also known as “mad itch” which is followed by an uncontrolled systemic inflammation, leading to 

sudden death. Using a mouse footpad inoculation model, it was demonstrated that PRV-Becker infection induces 

the increased production of two proinflammatory cytokines (IL-6 and G-CSF) in pe- ripheral nervous system (PNS) 

and central nervous system (CNS) tissues, very early after infection. This suggests that PRV infection activates the 

nervous system and initiates an early neuroinflammatory response that later escalates into a systemic in- 

flammation. However, the molecular mechanisms used by PRV to regulate the innate immune responses 

specifically upon infection of neuronal cells remain unclear. This study aimed to establish an in vitro system that 

could mimic PRV infection in vivo and help to dissect the mechanisms that initiate this neuroinflammatory 

response. Using murine neuroblastomas (neuro-2A cells), we showed that all confluent neuro- 2A cells are infected 

with PRV by 8 hours post inoculation (hpi). We found that the virulent PRV-Becker strain and the attenuated 

vaccine strain, PRV-Bartha, replicate to the same extent in confluent neuro-2A cells up to 10^5 plaque forming 

units (PFU) at 48 hpi. Compared to non-infected neuro-2A cells, PRV-Becker- and PRV-Bartha- infected cells show 

significant decreased IL-6 levels at 48 hpi. Moreover, PRV-Becker- and PRV-Bartha-infected neuro-2A cells do not 

produce significant amounts of G- CSF and type 1 interferon (IFN). Overall, we demonstrated that PRV infection of 

neuro-2A cells does not recapitulate the inflammatory cytokine production found after PRV infection of mice. 

 



The essential protein YejM functions   through YciM/FtsH to control lipopolysaccharide biosynthesis in 
Escherichia coli 

Daniel Same Guerra 
Advisor: Tom Silhavy 

 

Gram-negative bacteria have an outer membrane(OM) which functions as an effective permeability barrier 
responsible for their high antibiotic resistance. Understanding the mechanisms by which the OM forms and 
responds to environmental stress in an important strategy in identifying novel drug targets. The OM is asymmetric, 
with lipopolysaccharide (LPS) in its outer leaflet and glycerophospholipids (PL) in its inner leaflet.  Maintenance of 
OM lipid asymmetry is crucial for its barrier function and is highly dependent on proper LPS biosynthesis. The LpxC 
deacetylase catalyzes the rate limiting step of LPS biosynthesis; its activity is tightly regulated through degradation 
by the FtsH protease in conjunction with its adaptor protein YciM. However, the mechanism by which LpxC 
degradation is coordinated to maintain proper LPS levels is not completely understood. A screen performed for 
suppressors of  the OM defects caused by truncation of the essential protein of unknown function YejM yielded 
mutations in lpxC and yciM. It was shown that lpxC and yciM mutations which increase LPS levels rescue truncated 
yejM defects, while those that  decrease LPS levels are synthetically lethal with truncated yejM. The yciM gene is 
demonstrated to be epistatic to yejM, as defects caused by truncated yejM are dependent on the presence of 
yciM. Finally, mutations that inhibit YciM activity or expression are shown to suppress depletion of YejM. This data 
suggests that YejM functions in modulating the proteolysis of LpxC through inhibition of YciM/FtsH, thus 
maintaining a level of LPS that is suitable for proper cell growth. 

 
 
 
 

Investigating the mechanisms of surface-induced virulence in Pseudomonas aeruginosa 
Sandra Sequera 

Advisor: Zemer Gitai 
 

The opportunistic pathogen Pseudomonas aeruginosa increases its virulence in response to surface attachment. 

This surface-induced virulence is mediated by the cytotoxic alkyl-quinolone (AQ) secondary metabolites, HHQ and 

PQS. However, the mechanisms in which surface attachment upregulates AQ production remains unknown. In this 

research, we investigate the possibility that surface attachment increases the translation of the biosynthetic 

PqsABCDE enzymes which leads to elevated AQ production and virulence. To test this hypothesis, the protein 

expression of PqsA, the enzyme that catalyzes the first step in AQ production, was visualized by Western blot. 

Additionally, mass spectrometry was performed to assess global changes in protein levels. Although both Western 

blot and MS analysis did not demonstrate changes in the PqsABCDE enzymes, the global proteomic analysis did 

identify a set of regulatory genes that are increased in surface-attached cells. To gain further insight into the 

signaling pathways responsible for surface-induced virulence, we performed a screen to identify the proteins that 

mediate surface attachment itself. Of the candidates observed, the pilY1 and phoQ mutants showed reduced 

surface association in P. aeruginosa. Future investigations of these mechanisms involved in initial attachment and 

increased AQ secretion may advance the development of anti-infectives. 

 

Interrogating RNA Modifications Through Proximity Labeling and Platinum Molecular Probes 
Rohan Shah  

Advisor: Ralph Kleiner 
 

Post-transcriptional modifications such as N6-methyladenosine (m6A) have been shown to regulate the stability, 

translation, and function of messenger RNA (mRNA) molecules. Agents, such as platinum therapeutics, are also 



known to introduce damage modifications to RNA transcripts that might influence their biological fates. 

Importantly, both classes of chemical modifications are believed to influence the localization of RNA, which is 

essential to faithfully executing biological processes in cells. Stress granules are transient, non-membrane bound 

organelles thought to be important subcellular destinations for mRNAs harboring such modifications. In this thesis, 

we developed biochemical strategies to uncover how chemical modifications impact RNA and its potential 

localization to stress granules. We developed an APEX proximity labeling approach that selectively labeled RNA in 

the mitochondria, cytosol, and stress granules. Our results revealed that labeled RNA could be enriched from living 

cells via our methodology for usage in mass spectrometry-based modification detection. To understand how 

platinum therapeutics modify RNA, we designed and employed clickable molecular probes reminiscent of 

Oxaliplatin. Although these molecular probes bound diverse RNA species in vitro and in vivo, we found that their 

primary mechanisms of action and eventual processing were still due to DNA binding. Our click chemistry approach 

uncovered that platinum molecular probes changed their cellular localization over time and, of note, induced 

stress granule formation. Taken together, our results suggest that converging these two lines of research could 

enable a powerful approach to unravel how chemical modifications influence RNA localization. 

 

Meta-Analysis of Copy Number Variants Associated with Attention Deficit Hyperactivity Disorder 
Jong Hyeon Kevin Shin  

Advisor: Dan Notterman 
 

Attention deficit hyperactivity disorder (ADHD) is a highly heritable neurodevelopmental disease involving 

inattention and hyperactivity, which affects 5.4 million children worldwide with a frequency of approximately nine 

percent. As copy number variants (CNVs) are the largest component of genetic variation, the intuition was that 

they have a relatively higher chance of overlapping genes associated with ADHD and therefore are more likely to 

have an impact on the ADHD phenotype. This meta-analysis sought to identify and systematically classify 

significant associations found between ADHD and genes affected by CNVs in order to find a pattern of associations 

existing in the literature. The analysis demonstrated that copy number variants affected a limited number of 

genes, specifically 14, associated with ADHD. Although a karyotyping protocol demonstrated no clear similarity 

between these 14 genes in regard to their chromosomal locations, they were all classified into one of three gene 

ontological categories: receptor-associated, homeostatic and molecular process-associated, and disease-

associated. This meta-analysis contributes to the ADHD literature through the construction of an ADHD gene 

annotation map. Moreover, it demonstrates that genes affected by ADHD-associated CNVs function in various 

cellular and neurological pathways and signifies ADHD as a complex phenotype with many determining biological 

factors and pathways. Since prior studies were conducted using data generated from cohorts primarily consisting 

of individuals with European ancestry, an attempt was made to replicate the findings using data from the 

ethnically diverse Fragile Families and Child Wellbeing Study (FFCWS). Some epidemiological assessments were 

also done to check the social and environmental influences on ADHD, such as maternal behavior during pregnancy 

and social disparity. 

 

Exploring DNA Methylation as a Mediator Between Exposure to Airborne Neurotoxicants and Cognitive 
Impairment in Children 

Jared Shulkin  
Advisor: Dan Notterman 

 
Individuals living in large U.S. cities face a significant public health problem: exposure to high levels of air pollution. 

With recent literature suggesting the effect of children's exposure to air pollution on neurological development 

and cognition, it’s necessary to understand the biological mechanism by which this cognitive impairment is 



occurring. This study analyzed genome-wide DNA methylation from a large cohort of children in the Fragile 

Families and Child Wellbeing Study in the context of their cognitive abilities and their exposures to airborne 

neurotoxicants using census tract-level neurological hazard index data from the National Air Toxics Assessment. I 

identified a number of differentially methylated loci associated with exposure, several of which are found in genes 

and pathways which play a role in regulating the central nervous system. Further, regression modeling showed an 

association between epigenetic age acceleration (defined as the difference between DNA methylation age and 

chronological age) and both exposure and cognition—evidencing DNA methylation’s potential as a mediator of the 

association. These findings provide a critical step toward understanding the biological mechanism underlying the 

association between exposure to airborne neurotoxicants and cognitive impairment in children and may have 

significant policy implications regarding control of air quality in large cities, where many families of low 

socioeconomic status raise children. 

 

CRISPR-Mediated Mutation of ppp1cb Leads to the Development of RASopathy-Like Phenotypes in Zebrafish 
William Steidl  

Advisor: Rebecca 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. Research has shown that the protein phosphatase-1 

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

encodes for 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, producing upregulation of RAF and thus enhancement of the Ras/MAPK pathway. However, there are 

several other clinically relevant PPP1CB mutations whose mechanisms have not yet been defined. In this paper, I 

sought to examine the phenotypic effects of clinically relevant mutations in zebrafish and compare them to clinical 

symptoms using two strategies. First, I aimed to assess the phenotypic effects observed at overexpressed gene 

levels through injection of embryos with PPP1CB mRNA containing clinical mutations. Second, I aimed to observe 

phenotypic effects at endogenous expression levels by using CRISPR technology to both knock out the gene and to 

introduce clinical mutations into ppp1cb. Though my research was cut short due to the coronavirus pandemic, I 

found that F0 CRISPR-knockout zebrafish mosaic mutants show phenotypic evidence of shortened body length, 

craniofacial abnormalities, cardiovascular edema. In addition, both F2 CRISPR knockout and knock-in zebrafish 

homozygous mutants show phenotypic evidence of irregular tail bending and cardiovascular edema, with 

knockouts also showing evidence of shortened body length. These phenotypes indicate a strong likelihood that 

ppp1cb has been mutated in zebrafish and demonstrate that ppp1cb mutations lead to RASopathy-like symptoms. 

 

A Quantitative Summary Statistic for Genetic Admixture 
Mayisha Sultana 

Advisor: John Storey 
 

The admixture model is a widely popular approach to evaluate the genetic ancestry of humans and other 

organisms. The model has successfully been used to improve the accuracy of genetic association studies, to further 

the understanding of human migratory history, and to help identify signatures of natural selection. Admixture 

occurs when individuals of two genetically divergent populations interbreed. The admixture model, assuming that 

each observed individual is derived from $d$ ancestral populations, estimates (a) the allele frequencies that define 

the ancestral populations, and (b) the proportions of each individual's genetic information that comes from each 



ancestral population.  The standard summary tool for the results of ancestry estimation has become the admixture 

barplot, a stacked barplot illustrating admixture proportions across individuals. In the genetic literature, these 

barplots are used to compare the ancestry profiles of distinct populations and even to inform the reconstruction of 

ancestral histories. Unfortunately, such usage can be extremely misleading, because there is no concrete metric of 

similarity when using a qualitative summary. It is difficult to know the error associated with ancestry estimates, 

and two similar-looking barplots may come from datasets that represent individuals with very different ancestry. 

Therefore, we need a tool that can summarize subtle differences in the underlying distribution of admixture.  This 

thesis calls attention to the need for a quantitative summary statistic for admixture that is concise, informative 

about the error in the estimates, and allows a comparison of ancestry across datasets. Here, we evaluate the two 

most common methods of obtaining summary statistics in the field of statistics: maximum likelihood estimation 

and method of moments. However, these methods fail to achieve a high level of accuracy. To solve this problem, 

we propose a new summary method, the Hybrid estimator, and demonstrate that it outperforms the existing 

methods in accuracy. Rather than replace the existing tool, the goal of this thesis is to encourage the use of this 

summary alongside the admixture bar plot. This will provide a more robust analysis of ancestry. 

 

Investigating the Regulation of the DNA Sensor cGAS Following Viral Infection 
Caroline Taber 

Advisor: Ileana Cristea 
 

Pathogenic DNA sensing is a crucial component of the immune system. One key protein functioning within the 

mammalian immune response is cyclic GMP-AMP synthase (cGAS), which produces 2’3’-cGAMP that ultimately 

leads to the production of antiviral cytokines and the induction of immune responses. Despite the extensive 

characterization of the pathway through which cGAS induces these cytokines, little is known about how cGAS 

functionality is controlled upon infection of the cell. Here, I identify novel cGAS post-translational modification 

(PTM) sites as well as confirm already discovered sites through immunoaffinity purification combined with tandem 

mass spectrometry. I analyze levels of PTMs in uninfected cells and following infection with HSV-1 wild type or 

d106 strain, and further probe the importance of these PTM sites by constructing stable cGAS point mutation cell 

lines. Additionally, I investigate the ability of these mutant cell lines to induce the antiviral immune response 

through qPCR analysis of cytokine levels, as well as their influence on the induction of apoptosis.  Furthermore, I 

compare the protein interactome for mutant cGAS with the wildtype counterpart following HSV-1 infection. In 

concert with this exploration into cGAS functionality, I also examine the role of the nuclear population of cGAS by 

constructing a FLAG-NLS-cGAS and its ability to induce immune signaling. These findings expand the understanding 

of how cGAS can be dynamically controlled within the cell by PTM sites as well as identify specific sites of interest 

and their effect on cytokine induction and apoptosis. 

 

Investigating the conformation of the Qa-SNARE Vam3 and its interactions with the HOPS subcomplex 
Vps33:Vps16 
Kalina Tsolova 

Advisor: Fred Hughson 

The formation and preservation of  functional compartments within metazoan cells both require membrane 

fusion. Membrane-bridging SNARE complexes are essential catalysts of this process, but without Sec1-Munc18 (SM 

) proteins and membrane tethering complexes their assembly is inefficient. The mechanisms through which 

SNAREs, SM proteins and tethers cooperate for rapid fusion remain enigmatic. A convenient and minimal system 

to study these interactions comprises the Qa-SNARE Vam3 and two subunits of the HOPS tethering complex: 

Vps33, an SM protein which templates SNARE assembly, and Vps16, a subunit which recruits Vps33 to HOPS and 

hence provides access to the tethering function of the complex.  Specifically, we focused on the role of the N-



terminal domain of Vam3, a non-essential domain which regulates the rate of membrane fusion, in affecting the 

secondary structure of the protein and its interactions with the Vps33:Vps16 subcomplex. Using circular dichroism 

spectroscopy, we showed that the N-terminal domain has substantial helical content with  53% of residues 

involved in α-helical    structures. We demonstrate that the N-terminal domain has high thermal stability (Tm = 73 

℃), which exceeds the melting temperature of the cytosolic region of Vam3 by 8 ℃. Additionally, we present data 

from size-exclusion chromatography which contradict accounts that Vam3-NTD binds to Vps33:Vps16. Taken 

together, our results suggest that the N-terminal domain interacts with HOPS through other subunits, while the N-

terminal domain could be destabilized through an interaction with the SNARE domain of Vam3. 

 

An Investigation of Teratogenic Viruses: Analyzing the Implications of Congenital Infections on Viral 
Transmission Dynamics 

Vivian Ufongene 
Advisor: Jessica Metcalf 

Teratogenic viruses, viruses which have the capability to infect a fetus congenitally, persist as a prevalent health threat 

globally. Since their first documentation, researchers and physicians alike have sought to uncover the molecular 

mechanisms of pathology and understand a virus can develop the traits necessary to cross the physical and immunologic 

barrier of the maternal-fetal interface and produce profound congenital defects. Although more is being discovered in 

regard to the mechanisms of teratogenic infections, the potential contribution that teratogenic viruses can make to the 

overall transmission dynamics of a virus has remained poorly studied. This has left an entire subset of potentially 

meaningful additions to overall disease dynamics unacknowledged in epidemiology and global health practices. Here, we 

hypothesized that teratogenic effects do have an impact on the transmission dynamics of a virus. In this study we 

explore rubella, a well-known teratogenic virus, which results in Congenital Rubella Syndrome (CRS) when a fetus is 

infected in utero. Using Susceptible- Exposed-Infectious- Recovered (SEIR) mathematical modeling, with viral parameters 

obtained through a systematic literature review, we explored teratogenic rubella at different transmission rates and 

observe if teratogenic infections are able to induce direct infections and propagate the spread and persistence of a virus 

in a population in a significant manner. We analyzed the viral transmission dynamics using statistical methods from 

results produced by the model. We observed that teratogenic infections from rubella were able to serve as meaningful 

constituents of the overall disease persistence in a population, verifying that teratogenic infections have the capability to 

effect transmission dynamics. Further, we observed that higher teratogenic transmission rates had progressively 

stronger performance in terms of disease persistence and spread, suggesting that there is likely evolutionary selection 

for teratogenic viruses at higher beta values, but likely only to a certain capacity. Holistically our study establishes that 

teratogenic infections contribute meaningfully to viral spread and persistence and act a reservoir for novel infections in a 

population. Further, this research provides critical insight into the selection of teratogenic effects evolutionarily for a 

virus, as well as the transmission rates that teratogenic rubella likely needs to adopt to favor this selection. 

 

Development of optogenetic tools to investigate the mechanism of cytoplasmic receptor tyrosine kinase 
signaling 

Giselle Uribe 
Advisor: Jared Toettcher 

Receptor tyrosine kinases (RTKs) are a family of transmembrane receptors that activate signaling cascades to 
control cell proliferation, differentiation and growth. Upon ligand binding, RTKs dimerize leading to 
autophosphorylation and recruitment of downstream effectors that activate various signaling pathways, including 
the Ras/Erk pathway. In cancer, chromosomal translocations can lead to changes in receptor localization: turning a 
membrane kinase into an active cytosolic-localized kinase due to its fusion with a higher-order oligomer clustering 
partner. Yet, it remains a question how these cytosolic receptors activate the Ras/Erk pathway when Ras itself 
localizes to the membrane. To answer this question, we engineered cytosolic RTKs that oligomerize in response to 
blue light. Using these light-sensitive constructs we find that some RTKs, namely Fibroblast Growth Factor 



Receptor (FGFR) and Tropomyosin-Related Kinase A (TrkA) signal when clustered both on the membrane and in the 
cytosol, while others, namely epidermal growth factor receptor (EGFR) only signal when bound to the plasma 
membrane. Although EGFR does not trigger downstream signaling, it auto-phosphorylates and recruits Grb2 in 
response to oligomerization; the first step in Ras-Erk pathway activation. Through a series of experiments, we 
demonstrate that these differences in signaling arise from FGFR kinase activity on unknown substrates that 
activate Ras. Overall our results highlight the presence of unknown downstream effectors that selectively transmit 
signals from cytosolic RTKs to activate downstream pathways. 

 
 

 
Investigating the Role of LncRNA-75 in TGF-β Signaling and Breast Cancer Progression 

Alice Vinogradsky 
Advisor: Yibin Kang 

The progression of breast cancer to the metastatic stage has severe clinical implications and accounts for the 

majority of cancer-related deaths. Understanding the molecular mechanisms that drive metastasis is therefore 

essential to improving diagnosis and treatment. Of the many pathways involved in cancer pathogenesis, the 

transforming growth β (TGF-β)/SMAD signaling pathway plays critical yet disparate roles by suppressing 

proliferation while promoting the epithelial-mesenchymal transition (EMT), a major hallmark of metastasis. Recent 

research has also implicated long noncoding RNAs (lncRNAs)—noncoding RNA transcripts greater than 200 

nucleotides in length—in the development and progression of cancer, although relatively few transcripts are well-

characterized. Using microarray gene expression data, our lab identified a number of lncRNAs that are 

differentially expressed in cancerous cells and may function in the context of the TGF-β signaling pathway. From 

this screen, the TGF-β-induced lncRNA-75 was selected for further study. We show that knocking down lncRNA-75 

induces senescence, promotes cell cycle arrest, suppresses proliferation, and enhances the epithelial gene 

expression signature. We also explore whether lncRNA-75 functions with the oncogenic Y-box-binding protein 1 

(YB-1) to enhance the TGF-β signaling response by disrupting the interaction between SMAD7 and the TGF-β type I 

receptor. Taken together, our findings indicate that lncRNA-75 functions in a context-dependent manner to 

oppose TGF-β’s growth inhibitory effect, as well as prolong the TGF-β signaling response and promote EMT. 

Further clarifying the role of lncRNA-75 in cancer progression and developing it as a therapeutic target may help 

improve the current standard of cancer care, which we discuss in the context of breast cancer disparities across 

the United States. 

 

“Language Gene” FoxP Modulates Pulse Song Features and Spatial Localization 
Brandon Ward 

Advisor: Mala Murthy 

FOXP2 was the first gene implicated in the development of speech and language, sparking interest in the genetic 

basis of language. Male Drosophila melanogaster display stereotyped behavior and produce patterned song while 

courting a female, providing a great path for studying behaviors and communication in a model organism with 

well-established genetic tools. FoxP, a homolog of FOXP2 found in D. melanogaster, has been previously shown to 

play critical roles in operant self-learning and patterning of motor activity as well as maintaining proper courtship 

song patterning. However, the exact role of FoxP in these courtship behaviors or the neural pathways that 

facilitate this role are not known. To further specify these roles, this thesis utilized quantification of song features 

and behavior on males with mutant FoxP genes and RNAi knockdown of FoxP in select brain regions. FoxP was 

found necessary for proper pulse song production and spatial localization with the protocerebral bridge, a region 

of the central complex involved in maintenance of walking, partially responsible for facilitating this role. The work 

presented here provides a quantitative and qualitative approach for studying genetic factors of behavior and 

communication within D. melanogaster and uncovering the neural mechanisms that support them. 



Establishing a Computational Model of the CO2-Concentrating Mechanism in Chlamydomonas reinhardtii 
Alexandra Wilson 

Advisor: 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, offering new gains not attainable through selective breeding. Limits 

to photosynthetic efficiency involve Rubisco, the enzyme responsible for fixing carbon in photosynthetic 

organisms. Rubisco has a relatively slow catalytic rate and catalyzes a competing reaction with oxygen that is 

wasteful to the organism. The eukaryotic alga Chlamydomonas reinhardtii has a CO2-concentrating mechanism 

(CCM) that increases 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 efficiency. In 

this thesis project, I worked with colleagues to create a multi-compartmental reaction-diffusion model of the 

Chlamydomonas CCM to guide engineering efforts. We establish metrics to evaluate the ability of the chloroplast 

to concentrate carbon near Rubisco and the cost of doing so to the cell. We find that the model chloroplast 

requires a barrier to CO2 diffusion in order to achieve a working CCM. We show that the CCM can be achieved with 

two different strategies at low CO2: by employing only channel transporters and enzymes or by actively pumping 

inorganic carbon into the cell, and the former is of lower cost to the cell. However, at very low CO2 we find that 

active transport is necessary to achieve a working CCM. The new insights gained through our model advance our 

understanding of how the CCM functions and can be used to guide the CCM engineering process. 

 

Genome-Wide CRISPR/Cas9 Screens in a 3D Tumor Spheroid Model Identify Tumor Suppressor Genes in Breast 
Cancer 

Lillian Xu 
Advisor: Yibin Kang 

Compared with other breast cancer subtypes, triple negative breast cancer is characterized by poorer clinical 

outcomes, higher metastatic potential, and a lack of available targeted therapies. While previous studies have 

yielded valuable insights into the molecular basis of triple negative breast cancer, they have largely relied on in 

vitro 2D monolayer cancer cell cultures, which are unable to recapitulate many key aspects of in vivo tumors, 

including hypoxia and altered cell-cell interactions. Considering these issues, the present study aims to leverage in 

vitro 3D tumor spheroid models in combination with high-throughput CRISPR/Cas9 genetic screening in order to 

identify novel genes and pathways regulating triple negative breast cancer. Utilizing a pooled CRISPR knockout 

library, we perform genome-wide screens in human triple negative breast cancer cells cultured under both 2D and 

3D conditions. Strikingly, by using deep sequencing to investigate sgRNA dynamics, we identify a large number of 

positively selected genes with significantly enriched sgRNA representation in the 3D screens, which is not observed 

in the 2D screens. Computational and functional enrichment analyses not only support the characterization of 

many of these positively selected genes as tumor suppressors, but also suggest that the 3D screens more 

accurately capture relevant aspects of cancer genes and pathways compared to the 2D screens. Finally, we take 

initial steps towards the validation of selected candidate tumor suppressors.  Taken together, the findings from 

this study not only open opportunities for further molecular characterization of and development of potential 

targeted therapies for triple negative breast cancer, but also highlight the value and feasibility of using 3D tumor 

spheroid models for functional genomic investigations. 

 

 
 
 
 



Mapping the Origins of the Vertebrate Brain 
Hyungjun Yoon 

Advisor: Mike Levine 

Transcriptomic maps of the brain that reflect neuroanatomy are critical resources to study neuroscience and 
neurodevelopment. Here we present a transcriptomic map of the larval brain of the ascidian Ciona intestinalis, 
which represents a close approximation of the vertebrate ancestor. Through iterative use of cell type specific 
reporters, we compiled the location and morphology of the majority of the neural cell types in the larval brain 
identified via single cell transcriptomics. The resulting map reveals the transcriptomic organization of the larval 
brain at the level of individual neurons that comprise each cell type. We used this information to describe a 
putative neural circuit that integrates gravity and light to mediate age-dependent changes in gravitaxis behavior in 
the larvae. We found that the gravity sensitive otolith cell is associated with both excitatory and inhibitory neurons 
that synapse to the same group of relay neurons. Implicated in modulating the circuit to elicit behavioral changes 
are the interaction between coronet cells, which represent a forerunner of the vertebrate hypothalamus, and the 
inhibitory neurons associated with the otolith, and a novel photosensory function in coronet cells. We further 
examined the specification of coronet cells and the inhibitory interneurons, and uncovered key genetic 
interactions and fate determinants that underlie their development. Our work provides insights into the evolution 
of the vertebrate hypothalamus, and highlights the value of a transcriptomic brain map by demonstrating its utility 
in the context of neuroscience, neurodevelopment, and evolution. 

 
 

Uncovering the Molecular Mechanisms of Stripe Pattern Formation in Thirteen-Lined Ground Squirrels 
Lydia Zhong 

Advisor: 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 pattern consisting of alternating dark and 
tan stripes with a line of tan spots in each dark stripe. Using RNA-seq, I identified 38 genes that are differentially 
expressed between stripes, including known pigmentation genes such as Asip and Edn3. Second, using a novel 
chromatin-profiling approach, I have identified two categories of genomic regions that may regulate differential 
gene expression in the TLGS. Together, these results reveal the main transcriptomic and regulatory regions 
underlying stripe formation in the TLGS and suggest that, although some mechanisms of stripe formation are 
shared between the African striped mouse and the TLGS, there are multiple ways in which similar phenotypes can 
be specified at the molecular level. 

 
 


