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COSE-JAM 2022 Schedule 
 

Morning Podium Session (9:30-12:00pm): 16 podium presentations in Jordan auditoriums (101 & 105) 
(continental breakfast/snacks/drinks in Galleria; 10:30-10:45 mid-morning break)  

Lunch (12-1:00pm): Jordan Galleria – participants, discussants, moderators, co-authors, etc.  

Afternoon Podium Session (1:00-2:30pm): 12 podium presentations in Jordan auditoriums (101 & 105) 

Afternoon Poster Session (2:30-4:30pm): 24 poster presentations in Jordan Galleria (light snacks/soft 
drinks in Galleria)  

Afternoon Social (3:00-4:30pm): Jordan Galleria – opportunities for formal and informal peer-to-peer 
interactions (snacks/soft drinks/beer/wine)  

 

 

 

 

 

 

 

 

 

 

 

 

 

The Senior Associate Deans for Research and Graduate Studies, Mark McCready (Engineering) and 
Mike Hildreth (Science) would like to thank the College of Science staff, particularly Allen 
Utterback, for their help and generosity in hosting this event. 



Morning Podium Session (9:30am-12:00pm, Jordan Hall 101 & 105) 
 

 
Jordan 101: 
 
9:30 –  Agboola Suleiman: Discovery of High-Performance Gas Separation Polymer Membranes Assisted  

by Machine Learning (ML) 
 

9:45 – Sabrina Khan: Rational designing of prodrug-based targeted nanoparticle assembly facilitates  
controlled release of drug payload in multiple myeloma  
 

10:00 – Sonu Kumar: PON1-HDL as a Cardiovascular Disease Marker: Precise Quantification with a  
Nanoparticle-Gated Electrokinetic Membrane Sensor  
 

10:15 – Mayesha Sahir Mim: Shining Light on Calcium-Mediated Morphogenesis: Forward Engineering  
Organ Development with Optogenetics and Mechanosensation 

10:30 – 10:45:  Break 

10:45 –  David Beke: Microstructure-Dependent Optical Properties of Doped Spinel Oxide Nanosystems 

11:00 – Sushrut Ghonge: Thermodynamics of photoluminescent cooling of materials with incoherent light  
sources  

11:15 – Sydney Shavalier: Thermal Transport in Citrate-Capped Interfaces using a Polarizable Force Field  

11:30 – Matthew Sis: Energy Landscapes of Supramolecular Peptide−Drug Conjugates Directed by Linker  
Selection and Drug Topology  

 
11:45 – Andrei Badilla-Aguilar: Transport and removal of antibiotic resistance genes in freshwater artificial  

streams 
 
 
Jordan 105: 
 

9:30 – Aurel Holzschuh: Highly multiplexed ddPCR-amplicon sequencing reveals strong Plasmodium  
falciparum population structure and isolated populations amenable to local elimination efforts in  
Zanzibar  

9:45 – Benedicte Fustec: The Remote Emerging Disease Intelligence-Network: From Concept to Active  
Surveillance in Belize.  

10:00 – Maisha Khair Nima: Investigating antimalarial drug resistance in the era of malaria elimination in  
Bangladesh  
 

10:15 – Claudia Vera-Arias: Plasmodium falciparum hrp2/hrp3 deletion typing by novel digital PCR  

10:30 – 10:45:  Break 



10:45 – Rananjaya Subash Gamage: Improving the Stability of Liposomes Loaded with Fluorescent  
Indocyanine Green (ICG)  

11:00 – Nnamdi Chikere: The Effect of Flagella Stiffness on the Locomotion of a Multi-Flagellated Robot  
at Low Reynolds Environment  
 

11:15 – Saurav Kumar Dutta: Obstacle Avoidance of Sprawled Quadruped Robot via Posture Control 

11:30 – Sean Even: Real-Time Feedback Control of a Pneumatic Soft Robot via Partial Differential 
  Equations  

11:45 – Abu Nayem Md. Asraf Siddiquee: Modular Soft Leg Design for Terrestrial Robots 

  
 
 

 
Afternoon Podium Session (1:00-2:30pm, Jordan Hall 101 & 105) 

 
 
Jordan 101: 
 
1:00 – Kelci Mohrman: Using effective field theory to search for new physics at the LHC  
 
1:15 – Jessica Sullivan: Taking a Large Look at the Small Scale Circumgalactic Medium  
 
1:30 – Connor Moore: Managing High Energy Physics Data at CMS Using Rucio  
 
1:45 – Alexander Thomas: Measuring and Comparing the Masses of Five Uniformly Sized Planets in the  

Kepler-323 and Kepler-104 Systems  
 
2:00 – Ananya Tuli: Milky Way Disk-halo interface: A Warm-Hot Mess!  
 
 
Jordan 105: 
 
1:00 – Wesley Ercanbrack: Exploring the role of frataxin during kidney development in zebrafish  
 
1:15 – Gowthami Mahendran: Multi-omics approach to study novel genes and pathways affected in Miller- 

Dieker Syndrome  
 

1:30 – Mika Schievelbein: Does the MALAT1 Triple Helix Form in the Presence of mascRNA?  
 
1:45 – Donovan Leiva: Microbiome Diversity in Hard Ticks Collected from Domestic Animals in Orange  

Walk District, Belize, Central America  
 

2:00 – Shuyue Li: Tropical Dry Forest Response to Nutrient Fertilization: A Model Evaluation  
 
2:15 – Daniele de Almeida Miranda: Biomagnification of PFAS in the Lake Michigan food web 
 



Afternoon Poster Session (2:30-4:30pm, Jordan Galleria) 

Session 1: Bryant – Liddick present for questions from 2:30-3:30pm 

 

1. Annamarie Bryant: Characterization of a novel microtubule-binding protein, CLIPR76, and 
its role in cardiomyocyte development  

2. Bo-An Chen: Metal Cocatalyst Dictates Electron Transfer in Ag-decorated MoS2 
Nanosheets  

3. William Chen: Using a Model-Based Framework to Assess the Theoretical Feasibility of 
Monitoring Zika virus with Wastewater-Based Epidemiology (WBE)  

4. Jonathan Gilman: The effects of nitrate and labile carbon inputs on nitrogen removal in 
four experimental streams  

5. Madeline Glennon: Biochemical and Structural Characterization of a Small Molecule-RNA 
Triple Helix Complex  

6. Juan Gonzalez:  Using 11-Mercaptoundecanoic Acid Functionalizes Gold Nanoparticles as a 
Drug Delivery System to Treat Leishmaniasis  

7. Matthias He: The Kepler Giant Planet Search: Connections between the Orbital Spacings of 
Inner Planets and Outer Giant Planets in Extrasolar Systems  

8. Megan Hilbert: Investigating the effects of ammonium and labile carbon limitation on 
reach-scale nitrogen removal and nitrification in headwater streams  

9. Michelle Huang: Metagenomics of Phlebotomus papatasi and Lutzomyia longipalpis  

10. Seongmin Kim: Design Transparent Radiative Cooler using Quantum Computing-Assisted 
Active Learning  

11. Caroline Lara: Elucidating the role of Hippo Pathway co-activators yap1 and taz during 
kidney development  

12. Mitchell Liddick: Organic matter additions differentially impact antimicrobial resistance 
gene removal from surface waters  

 

 



Afternoon Poster Session (2:30-4:30pm, Jordan Galleria) 

Session 2: Martín-Linares – Zhou present for questions from 3:30-4:30pm 

 

13. Alejandro Martín-Linares: Role of filamentous fungi in membrane-aerated biofilm reactors 
for high-strength wastewater treatment  

14. Joshua Morales Campos: Isolation of catalytic sites in 2D extended solids through atom-
transfer/exchange reactions  

15. Tracey Porter: apolipoprotein L1 is essential for zebrafish pronephros development 

16. Abagael Pruitt: Changing Land Cover via the Planting of Winter Cover Crops Reduces 
Storm-Driven Sediment Export in Agricultural Streams  

17. David Shaw: Updated Masses for Kepler-90's Gas Giants Via Transit-Timing Variation and 
Radial Velocity Observations  

18. Krishna Shivakumar: Selective Recognition of RNA Triple Helices by Triplex-Binding 
Molecules  

19. Elise Snyder: Environmental DNA (eDNA) removal rates and particle size distribution 
differ between Common Carp (Cyprinus carpio) and Steelhead Trout (Oncorhynchus mykiss) in 
streams  

20. Hannah Spero: The 1949 Tacoma Narrows Event Landslide-Generated Tsunami: 
Preliminary Analysis and Numerical Modeling  

21. Emma Thrift: High Frequency Nutrient Sensors Enhance Understanding of Biogeochemical 
and Hydrological Dynamics of Runoff from Agricultural Fields  

22. Anna Vincent: Exploring Linkages Between Ammonium and Nitrate Losses from Fields, 
Nutrient Export, and Stream Metabolism in Two Agricultural Watersheds  

23. Xuechun Wang: Multi-omics Profiling to Assess Signaling Changes upon VHL Restoration 
and Identify Putative VHL Substrates in Clear Cell Renal Cell Carcinoma Cell Lines  

24. Jiaxin Xu: Exploring High Thermal Conductivity Polymer Blends via Data-driven Approach  

25. Jiahang Zhou: Physics-informed Neural Networks for Solving Multiscale Time-dependent 
Phonon Boltzmann Transport Equation  



 
 
 
 
 
 
 

 
 
 

Abstracts for Oral Presentations 
  



Transport and removal of antibiotic resistance genes in freshwater artificial streams 
 

Andrei Badilla-Aguilar 
Department of Civil and Environmental Engineering and Earth Sciences 

Advisor: Kyle Bibby 
Coauthors: O. Ginn, E. Snyder, J. Tank, D. Bolster, K. Bibby 

 
Agricultural activities promote the development and persistence of antibiotic resistance (AR) in 
the environment. Specifically, land application of cattle manure is considered a predominant 
source of antibiotic resistance genes (ARGs) in aquatic ecosystems. However, the fate and 
transport of ARGs in flowing environments has not been well characterized. We carried out a 
series of controlled releases of cattle manure to evaluate the removal of ARGs in man-made 
freshwater streams. Digital PCR (dPCR) was used to evaluate the concentrations of tetW and tetQ, 
and linear regressions were fitted to the data. Slopes from every target experiment were compared 
using one-way ANCOVA. We found that tetQ and tetW genes were removed from the water 
column at rates that ranged from 0.002 to 0.007 m-1 and 0.014 to 0.015 m-1, respectively. Although 
differences were not significative between rates (p>0.05). Overall, tetW consistently showed a 
linear removal from the water column (p<0.05) in all environmental replicates suggesting that tetW 
genes would persist in the water column for up to ~900 m. Our results provide removal rates that 
might allow the development of a Stochastic Mobile Immobile Model that will iteratively predict 
first-order removal rates of ARGs in flowing water systems. 
 



Microstructure-Dependent Optical Properties of Doped Spinel Oxide Nanosystems

David Beke
Department of Physics and Astronomy

Advisor: Laszló Forró
Coauthors: Bence Márkus, Ádám Gali, Rudolf Mátyás

Doped spinel crystals show long-lasting emissions (LLP) in the visible and near-IR regions that
can be activated by X-ray or UV-visible light. Such properties make this material a promising
candidate for background-free deep-tissue bioimaging, photodynamic or photon-induced therapy
(PIT), optical sensing, and many other applications. The optical properties, however, are highly
dependent on the dopant environment and the nature of the trap states responsible for the LLP.
Annealing changes the defect structures of Cr and the trap states and the strength of the energy
transfer between the different Cr defects and significantly affects the optical properties. We
found crystal field decrease at low temperatures caused by quasi-melted pseudocrystalline
surface, making them temperature sensitive, an order of magnitude increase in the photon yield
upon X-ray or UV illumination, and temperature-dependent LLP. When ultrasmall silicon
carbide nanoparticles are used as seeds during the hydrothermal synthesis process, the
photoemission intensity was increased in an order of magnitude without the necessity of
post-annealing. However, LLP is completely lost. We studied the defect structures and the
reaction kinetics in a broad temperature range to understand the optical behavior of the system.
The outcome of the fundamental research on the defect structure is that at optimum annealing
conditions, activating the IR700 photoactive dye used in PIT, with X-ray excitation, or by the
LLP that promises PIT for deep-seated or embedded tumors or other diseases is possible.



The Effect of Flagella Stiffness on the Locomotion of a
Multi-Flagellated Robot at Low Reynolds Environment

Nnamdi Chikere
Department of Electrical Engineering

Advisor: Ozkan-Aydin Yasemin; Lin, Hai

Abstract: Microorganisms such as algae and bacteria move in a viscous environment with an
extremely low Reynolds (Re) number using flagella of various shapes, sizes, and numbers. In the
low Re regime, the viscous drag dominates over the inertial forces, which presents a unique
challenge for microorganisms to propel themselves in it. Therefore, microorganisms have
adapted to this environment by developing specialized features such as whole-body deformations
and flexible structures such as the flagella that break the symmetry during the motion. In this
study, we hypothesize that the changes in the flexibility of the flagella during each cycle of
motion impact its locomotion dynamics. To test our hypothesis, we developed an autonomous,
self-propelled robot with four multi-segmented flagellates actuated together by a single DC
motor. The stiffness of the flagellates during the locomotion is controlled via a cable-driven
mechanism attached to the center of the robot. Experimental assessments of the robot’s
swimming demonstrate that increasing the flexibility of the flagella during recovery stroke and
reducing the flexibility during power stroke improves the swimming performance of the robot.
Our results give insight into how these microorganisms manipulate their biological features to
propel themselves in low viscous media and are of great interest to biomedical and research
applications.



Obstacle Avoidance of Sprawled Quadruped Robot via Posture Control

Saurav Kumar Dutta
Department of Electrical Engineering

Advisor: Yasemin Ozkan-Aydin
Coauthors: NIL

Unlike the human body, which has a vertical posture and bipedal locomotion, animals use
different gaits and postures, which give them the ability to adapt to their surrounding
environment and perform different tasks such as walking, crawling, running, or climbing in
many environments. In robotics, locomotion safety in unstructured environments such as rough
terrain, cluttered environments, or uneven surfaces similar to animals is a challenging task. In
this work, inspired by sprawled animals such as crocodiles, we design and develop a low-cost,
3D-printed, sprawled quadruped robot, which can change its posture during locomotion. The
robot's performance in terms of stability and obstacle avoidance is tested for different gaits in
different environments. Apart from changing posture, the robot can laterally undulate its body
similar to salamanders and geckos. The robot is found to perform satisfactorily on grass and the
floor, only when it follows a gait similar to that of a salamander. Our robotic platform can be
used in real-world tasks such as search and rescue operations, agricultural applications, or
military applications which require high mobility, payload capacity, and stability.



Exploring the role of frataxin during kidney development in zebrafish 

Wesley Ercanbrack 
Department of Biological Sciences 

Advisor: Dr. Rebecca Wingert 

Friedreich’s Ataxia (FRDA) is the most common hereditary ataxia, with most patients dying in 
their mid-thirties. In the FRDA disease state, Frataxin protein (FXN) deficiency and subsequent 
iron-sulfur cluster (ISC) deficiency result in the accumulation of reactive oxygen species (ROS). 
It is hypothesized that ROS accumulation affects the most metabolically active tissues first in 
FRDA resulting in cell death and tissue degeneration. Additionally, one-third of FRDA 
patients have dysfunctional kidneys which manifest as nephrotic syndrome. The effect of FXN 
deficiency has never been studied in the context of kidney development which represents a 
major gap in the field. To address this gap, we knocked down the frataxin gene (fxn) in 
zebrafish embryos to determine what effect fxn deficiency would have on the development of 
the kidney. Using RT-PCR and Sanger sequencing we confirmed that we have successfully 
knocked down fxn in our morphant zebrafish. Our preliminary data strongly suggest that the 
Frataxin protein in zebrafish (Fxn) is a key regulator of kidney development. The results of these 
knockdowns were observed using whole mount in situ hybridization showing several 
malformed components of the kidney. Future studies will focus on the functionality of the Fxn-
deficient nephron, the presence of ROS during key developmental stages, and the 
molecular pathways that govern nephron morphogenesis.  



Real-Time Feedback Control of a Pneumatic Soft Robot via Partial Differential Equations

Sean Even
Department of Electrical Engineering

Advisor: Yasemin Ozkan-Aydin
Coauthors: Tongjia Zheng, Hai Lin, Yasemin Ozkan-Aydin

Soft actuators offer compliant and safe interaction with an unstructured environment compared
to their rigid counterparts. However, control of these systems is often challenging because they
are inherently under-actuated, have infinite degrees of freedom (DoF), and their mechanical
properties can change by unknown external loads. Existing works mainly relied on discretization
and reduction, suffering from either low accuracy or high computational cost for real-time
control purposes. Recently, we presented an infinite-dimensional feedback controller for soft
manipulators modeled by partial differential equations (PDEs) based on the Cosserat rod theory.
In this study, we examine how to implement this controller in real-time using only a limited
number of actuators. To do so, we formulate a linear programming problem that simultaneously
determines the actuator pressures and the control gains of the system. We evaluated the
controller's performance through experiments on a physical soft robot capable of planar motions
and showed that the actual controller implemented by the finite-dimensional actuators still
preserves the stabilizing property of the desired infinite-dimensional controller. This research
fills the gap between the infinite-dimensional control design and finite-dimensional actuation in
practice and suggests a promising direction for exploring PDE-based control design for soft
robots.



The Remote Emerging Disease Intelligence-Network: 

From Concept to Active Surveillance in Belize. 

Benedicte Fustec1, Caroline Pitts1, Marie Pott2, Alvaro Cruz2, Uziel Romero2, Hsiao-Mei Liao3, 

Le Jiang3, Yvonne-Marie Linton4, John P. Grieco1, Nicole L. Achee1

1 Department of Biological Sciences, Eck Institute for Global Health, University of Notre Dame 
2 Belize Vector and Ecology Center, Orange Walk Town, Belize 

3 Naval Medical Research Center, Diagnostics and Surveillance Department, Silver Spring 
4 The Walter Reed Biosystematics Unit, Smithsonian Institution, Suitland  

The past decades have seen a dramatic increase of emerging and/or re-emerging infectious 

diseases worldwide, and more outbreaks will be foreseen in the future. Yet, proactive 

surveillance is still limited by the lack of expertise and capacity to provide reliable data in an 

actionable time frame across at-risk locations. The Remote Emerging Disease Intelligence-

NETwork (REDI-NET) project was launched to enhance current surveillance efforts to detect, 

predict and contain potential emerging infectious disease threats in an efficient and timely 

manner. Specifically, consortium partners have established a complete set of robust standard 

operating procedures, including those for standardized field sample collection, storage and 

metagenomic next-generation sequencing (mNGS) to capture a broad spectrum of pathogens 

circulating in various ecologies. In Belize, active surveillance was performed monthly from ten 

routine sampling sites within four of the six political districts, including Corozal, Orange 

Walk, Stann Creek and Toledo District, during November 2021 to March 2022. Field 

collections involved capturing four sample types including water, sediment, leeches and ticks to 

serve as sentinels for pathogens existing in water bodies (environmental biosurveillance) and/

or blood meals of hematophagous invertebrates (invertebrate xenosurveillance). Here we report 

on viral and non-viral (e.g., bacterial, parasitic) pathogens detection using mNGS based on 

MinION/GridION sequencers  (Oxford Nanopore Technologies) demonstrating the success of 

remote field and laboratory data acquisition by the REDI-NET program to validate an 

operational framework for reliable risk estimates on emerging pathogens.  



 Improving the Stability of Liposomes Loaded with Fluorescent Indocyanine Green (ICG) 

Rananjaya Subash Gamage 

Department of Chemistry and Biochemistry 

Advisor: Prof. Bradley D. Smith 

Indocyanine Green (ICG) is a clinically approved organic dye with near-infrared absorption and 

fluorescence. Over the years, many efforts to improve the photophysical and pharmacokinetic 

properties of ICG have investigated numerous nanoparticle formulations, especially liposomes 

with membrane embedded ICG. A series of systematic absorption and fluorescence experiments, 

including FRET experiments using ICG as a fluorescence energy acceptor, found that ICG 

transfers spontaneously from liposomes to albumin protein residing in the external solution with a 

half-life of ~10 minutes at 37 °C. Moreover, transfer of ICG from liposome membranes to external 

albumin reduces light-activated leakage from thermosensitive liposomes with membrane 

embedded ICG. A survey of lipophilic liposome additives discovered that the presence of clinically 

approved antioxidant, α-tocopherol, greatly increases ICG retention in the liposomes, inhibits ICG 

photobleaching, and prevents albumin-induced reduction of light triggered liposome leakage. This 

new insight will help researchers with the specific task of optimizing ICG-containing liposomes 

for fluorescence imaging or phototherapeutics. More broadly, the results suggest a broader design 

concept concerning light triggered liposome leakage; that is, proximity of the light absorbing dye 

to the bilayer membrane is a critical design feature that impacts the extent of liposome leakage. 



Thermodynamics of photoluminescent cooling of materials with incoherent light sources

Sushrut Ghonge
Department of Physics, Materials Science and Engineering graduate program

Advisors: Boldizsár Jankó, Masaru Kuno

Optical cooling of a solid with anti-Stokes photoluminescence involves the emission of photons
with higher energy than the incident photons. Some materials, like rare-earth-doped glasses, have
been cooled from room temperature to cryogenic temperatures with this process. The condition
that the increase in entropy of radiation must be higher than the decrease in entropy of the
sample imposes constraints on the efficiency of the cooling process. We use the most general
formulation of radiation entropy in terms of the von Neumann entropy of the photon field, which
allows us to study a variety of light sources. We study the role of coherence, unidirectionality,
and monochromaticity of radiation in optical cooling. We show that if the incident radiation is
unidirectional and monochromatic, coherence does not significantly affect the cooling efficiency.
Our results suggest that the laws of thermodynamics allow us to optically cool materials with
incoherent sources like LEDs and filtered sunlight almost as efficiently as with lasers.



Highly multiplexed ddPCR-amplicon sequencing reveals strong Plasmodium falciparum
population structure and isolated populations amenable to local elimination efforts in

Zanzibar

Aurel Holzschuh
Department of Biological Sciences

Advisor: Cristian Koepfli
Coauthors: Anita Lerch, Inna Gerlovina, Bakar S. Fakih, Abdul-wahid H. Al-mafazy, Erik J
Reaves, George Greer, Abdullah Ali, Faiza Abbas, Mohamed Haji Ali, Mohamed Ali Ali,

Manuel W. Hetzel, Joshua Yukich, Cristian Koepfli

Over the past 15 years, Zanzibar has made great strides towards malaria elimination; yet progress
has stalled. Parasite genetic data of Plasmodium falciparum may inform strategies for malaria
elimination by helping to identify contributory factors to parasite persistence. Here we elucidate
fine-scale parasite population structure and infer relatedness and connectivity of infections using
an identity-by-descent (IBD) approach. We sequenced 518 P. falciparum samples from 5 districts
covering both main islands using a novel, highly multiplexed droplet digital PCR (ddPCR)-based
amplicon deep sequencing method targeting 35 microhaplotypes and drug-resistance loci.
Despite high genetic diversity, we observe strong fine-scale spatial and temporal structure of
local parasite populations, including isolated populations on Pemba Island and genetically
admixed populations on Unguja Island, providing evidence of ongoing local transmission. We
observe a high proportion of highly related parasites in individuals living closer together,
including between clinical index cases and the mostly asymptomatic cases surrounding them,
consistent with isolation-by-distance. We identify a substantial fraction (2.9%) of related parasite
pairs between Zanzibar, and mainland Tanzania and Kenya, consistent with recent importation.
We identify haplotypes known to confer resistance to known antimalarials in all districts,
including multidrug-resistant parasites, but most parasites remain sensitive to current first-line
treatments. Our study provides a high-resolution view of parasite genetic structure across the
Zanzibar archipelago and reveals actionable patterns, including isolated parasite populations,
which may be prioritized for malaria elimination.



Rational designing of prodrug-based targeted nanoparticle assembly facilitates controlled 
release of drug payload in multiple myeloma

Sabrina Khan

Department of Chemical and Biomolecular Engineering

Advisor: Basar Bilgicer

Coauthors: Franklin Mejia, Gyoyeon Hwang, Jaeho Shin, Basar Bilgicer

Abstract: Despite the promising potential to treat a variety of cancers, due to poor solubility and

pharmacokinetic profile, DM1's translation to the clinic has been unsatisfactory. In this study,

DM1, a highly potent tubulin inhibitor, has been selected due to its limited clinical application

along with its pronounced side-effects. So, there is a need to improve the selective delivery of such

anti-cancer therapeutic to reduce its off-target effects for efficacious cancer treatment. We

hypothesized that the optimal prodrug chemistry would promote efficient loading of the prodrug

into targeted nanoparticles and achieve controlled release following endocytosis by the cancer

cells; consequently, accomplish the most potent tumor growth inhibition. Here, we report a CD138

peptide targeted liposomal formulation (TNP[Prodrug]) that achieved efficacious tumor growth

inhibition in treating multiple myeloma by overcoming the dose limiting severe toxicity issues of

DM1. We evaluated four functional linker chemistries for synthesizing DM1-Prodrug molecules

and evaluated their stability and cancer cell toxicity in vitro, followed by mouse studies. Our

approach promises a formulation that could potentially make DM1 treatment available for wider

clinical applications with a long-term goal for better patient outcomes.



PON1-HDL as a Cardiovascular Disease Marker: Precise Quantification with a
Nanoparticle-Gated Electrokinetic Membrane Sensor

Sonu Kumar
Department of Chemical and Biomolecular Engineering

Advisor: Hsueh-Chia Chang
Coauthors: Nalin Maniya, Ceming Wang, Satyajyoti Senapati

Cardiovascular disease-related deaths (one-third of global deaths) can be reduced with a simple
screening test for better blood biomarkers than the current lipid and lipoprotein profiles. We
propose using a highly atheroprotective subset of HDL with colocalized PON1 (PON1-HDL) for
superior cardiovascular risk assessment. However, its direct quantification with enzymatic
colorimetric and electrochemical immunoassays is difficult due to HDL-associated
peroxides/antioxidants interfering with redox reactions. Hence, we developed a novel
enzyme-free Nanoparticle-Gated Electrokinetic Membrane Sensor (NGEMS) platform for rapid,
robust, and sensitive quantification of PON1-HDL and total HDL in 60 minutes with a limit of
detection of 1 pM and 3-4 log dynamic range. The sensor utilizes the concentration polarization
phenomenon of perm-selective membranes to amplify the ion-current gating effect of charged
nanoreporters and controlled wash to ensure reproducibility. A blind cohort of ten coronary
artery disease (CAD) and ten controls show high sensitivity, specificity (>0.95) and AUC~0.99
for PON1-HDL, significantly higher than the traditional markers with AUC~0.6-0.8, thus
confirming PON1-HDL as an important CAD biomarker and the NGEMS as its dedicated
screening platform.



Microbiome Diversity in Hard Ticks Collected from Domestic Animals in Orange Walk
District, Belize, Central America

Donovan K. Leiva
Keough School of Global Affairs

Advisor: Dr. Nicole Achee
Coauthors: Caroline Pitts, Alvaro Cruz, Marla Cansino, Marie Pott, Jailene Castillo, Nicole L.

Achee, John P. Grieco and Benedicte Fustec

Ticks are among the most important vectors of pathogens affecting humans and non-human
animals worldwide. Diversity in tick microbiomes, pathogenic and non-pathogenic organisms, is
expected to vary dependent on species and life-stage as well as external environmental factors.
The objective of this study was to determine the similarities and differences of microbiota of
samples of hard ticks collected among the study sites. Nymphs and adult ticks were
hand-collected from domestic animals (dogs) in a random sample of 54 households from three
communities within Orange Walk District, Belize, Central America. Ticks were preserved in
70% isopropanol directly in the field prior to identification and molecular testing. Standardized
protocols developed for the Remote Emerging Disease Intelligence-Network (REDI-NET) were
used to enable gDNA sequencing via the Oxford Nanopore GridION. 555 ticks (40 nymphs and
515 adults) were captured across all sampled properties: 287 from San Lazaro, 134 from San
Antonio Rio Hondo and 134 from Indian Church. 95% (527/555) were morphologically
identified to Rhipicephalus sanguineus (the brown dog tick), a commonly distributed tick
worldwide. Other ticks included Ambloyomma spp. (2.3%; 13/555), Demacentor spp. (2.3%;
13/555) and Ixodes spp. (0.4%; 2/555). Our study is the first known to report microbiome
diversity in hard ticks from Belize with outcomes intended for further assessment of associations
with environmental and human sociodemographic parameters by tick species across the sampled
communities. Combined, findings are anticipated to have meaningful implications in
understanding tick-borne disease (TBD) ecology and transmission in general, and aid in guiding
subsequent control measures more specifically.



Tropical Dry Forest Response to Nutrient Fertilization: A Model Evaluation

Shuyue Li
Department of Biological Sciences

Advisor: David Medvigy
Coauthors: Bonnie G. Waring (Grantham Institute on Climate Change and the Environment,

Imperial College London, London UK, SW7 2AZ), Jennifer S. Powers (Department of Ecology,
Evolution, & Behavior, University of Minnesota, St. Paul, MN USA 55108)

Abstract: Soil nutrients, especially nitrogen (N) and phosphorus (P), regulate plant growth and
hence influence carbon fluxes between the land surface and atmosphere. However, how forests
adjust biomass partitioning to leaves, wood, and fine roots in response to N and/or P fertilization
remains puzzling. Recent work in tropical forests suggests that trees increase fine root production
under P fertilization, but it is unclear whether mechanistic models can reproduce this dynamic. In
order to better understand mechanisms governing nutrient effects on plant allocation and
improve models, we used the nutrient enabled ED2 model to simulate a fertilization experiment
being conducted in a secondary tropical dry forest in Costa Rica. We evaluated how different
allocation parameterizations affected model performance. These parameterizations prescribed a
linear relationship between relative allocation to fine roots and soil P concentrations. The slope
of the linear relationship was allowed to be positive, negative, or zero. Some parameterizations
were able to realistically simulate leaf, wood and fine root production, and these
parameterizations all assumed a positive relationship between relative allocation to fine roots and
soil P concentration. On a thirty-year timescale, under unfertilized conditions, our model
predicted the largest aboveground biomass (AGB) accumulation when relative allocation to fine
roots was positively related to soil P concentration. However, this result was mostly driven by an
interactive effect with soil water. On a thirty-year timescale with P fertilization, the assumption
of a positive correlation between relative allocation to fine roots and soil P concentration led to
over-investment to fine roots and reductions in vegetation biomass. Our study demonstrates the
need of simultaneous measurements of leaf, wood, and fine root production in nutrient
fertilization experiments. Models that do not accurately represent allocation to fine roots may be
highly biased in their simulations of AGB, especially when simulating a range of sites with
significantly different soil P concentrations.



Multi-omics approach to study novel genes and pathways affected in Miller-Dieker Syndrome 

Gowthami Mahendran 

Department of Chemistry and Biochemistry 

Dr. Jessica A. Brown 

Kurtis Breger, Philip J. McCown, Jacob P. Hulewicz 

Abstract: Miller-Dieker Syndrome (MDS) is a neurogenetic condition resulting from a heterozygous deletion 

of MDS locus genes. Often MDS patients die in utero, but children who are born display lissencephaly, 

neurological disorders, epilepsy etc. Generally, the life expectancy is related to the severity of the 

lissencephaly. Hence, understanding the MDS pathogenesis linked to various pathways could be useful in 

therapeutics. To better understand MDS at the molecular level, we utilized BJ (healthy) and GM06097 

(MDS patient) cells. RNA-seq (transcriptomics) and tandem mass spectrometry (proteomics) were 

performed to analyze gene expression alterations in MDS. At the RNA level, significant up (1286) and 

downregulated (1515) genes in GM06097 cells were analyzed using Ingenuity Pathway Analysis 

(IPA), which suggested suppressed synaptogenesis and enhanced cardiac hypertrophy. At the protein level, 

significant up (144) and downregulated (945) genes in GM06097 cells have roles in synaptogenesis, skeletal 

system, and organ development. Among the differentially expressed RNAs and proteins, several genes 

(mettl16, camk2b, bex1, nrxn3, gabbr2, stx1a) are linked to nervous system development and phenotypic 

features reported in MDS patients. Specifically, mettl16 (methyltransferase like protein-16) is a gene located 

within the MDS locus that functions as an m6A writer protein. It showed reduced RNA and protein level 

expression at ~50% in MDS cells. Western blots validated significantly altered proteins in our proteomics 

results, including multiple splicing-related proteins whose expression was upregulated 3- to 14-fold in 

GM06097 cells. Therefore, alternative splicing (Bisbee) was performed to identify isoforms that are 

significantly expressed. Next, we will be investigating alternative splicing, post-translational modification 

changes and perform phenotypic assays to confirm affected pathways. Hence, our study will pave the way for 

understanding the implication of genes related to MDS.



Shining Light on Calcium-Mediated Morphogenesis: 

Forward Engineering Organ Development with Optogenetics and Mechanosensation 

Mayesha Sahir Mim 

Department of Chemical and Biomolecular Engineering 

Advisor: Jeremiah Zartman 

Cells communicate to coordinate cellular processes across tissues, and calcium (Ca2+) ions are 

second messengers facilitating such multiscale coordination. Ca2+-selective cation channels 

mediate Ca2+-influx from the extracellular environment into the cytosol upon activation. However, 

current understanding of the biological mechanisms precludes direct control of Ca2+-mediated 

processes. Here, optogenetic and mechanosensitive channels, CsChrimson and Piezo, respectively, 

are utilized as tools to investigate how Ca2+-dynamics impact epithelial growth and 

morphogenesis. Toward this end, we outline the phenotypic results of controlled stimulation of 

CsChrimson and dmPiezo. Drosophila melanogaster was used as an in vivo system, whose wing 

is acutely sensitive to changes in developmental pathways. We demonstrate that these channels 

regulate cytosolic Ca2+-dynamics which impacts the activities of downstream proteins and growth-

related biological pathways. We show that these proteins modulate cellular processes involved in 

morphogenesis, e.g., increased cell death in wing discs for optogenetic activation for long periods 

and genetic overexpression of dmPiezo, and the morphology of the terminal organ reflected as 

severe phenotypes in adult wings. These activations also triggered compensatory proliferation 

through concurrently increased proliferation. For CsChrimson, such phenotypes are qualitatively 

and quantitatively correlated with the gradual increase in the intensity of light. We hypothesize 

that by controlling Ca2+, the growth of tissues can be directly controlled and the optimum level of 

cytosolic Ca2+ to promote growth can be established. Such “Goldilocks zone” of Ca2+-level can be 

determined by systematically varying the width-half-max of optogenetic activation, e.g., by using 

a lower intensity of light or a faster optogenetic activation cycle. We used optogenetic and 

mechanosensitive channels to forward engineer growth control in epithelia as a bottom-up 

approach toward tissue engineering. These findings regarding how Ca2+-signaling dynamics tune 

the robustness of organ growth and cellular processes provide scope for future applications related 

to phenotypic drug screening assays and innovation in treatments of human diseases.  



Biomagnification of PFAS in the Lake Michigan food web 

Daniele de Almeida Miranda 

Departments of Physics and Biological Sciences | Environmental Change Initiative 

Advisors: Graham Peaslee and Gary Lamberti 

Coauthors: Alison Zachritz, Heather Whitehead, Shannon Cressman, and Sarah Klepinger 

Abstract (300 words): Per- and polyfluoroalkyl substances (PFAS) pose serious long-term 

threats to aquatic ecosystems due to their high persistence, rapid spread in water bodies, and 

potential for bioaccumulation. Concerns regarding PFAS include their potential toxicity, 

resistance to degradation, environmental persistence, and potential effects on food webs. Studies 

suggest that fish exposure to PFAS contributes to morphological, physiological, and behavioral 

alterations. Once in the environment, those compounds can bioaccumulate in the biota and 

biomagnify. In this study, PFAS were measured in prey and predator fish from Lake Michigan to 

understand how these compounds move through the food web. We analyzed 21 PFAS in 117 

prey fish obtained in ports across Lake Michigan and 87 salmonids collected in four lake 

quadrants. Overall, PFAS were observed in all fish species in total mean concentrations ranging 

from 1.39 to 43.2 ng g-1 ww, except for high levels in slimy sculpin (192 ng g-1 ww). PFOS was 

the most frequently detected compound of the 21 PFAS (98% of individuals), generally ranging 

from 0.98 to 35.3 ng g-1 ww, followed by PFTrDA (95%) > PFDoDA (94%) > PFDA (89%) > 

PFNA (84%). The subgroup of perfluoroalkyl carboxylates (PFCA) showed higher 

concentrations in prey fish than those observed in salmonids, with PFOA, another PFAS of 

concern, detected in higher frequency in prey fish. Stable isotopes (δ15N and δ13C) were used to 

predict trophic positions and revealed tight trophic connections between predator and prey fish in 

Lake Michigan. Biomagnification Factors (BMF) for PFOS exceeded one (1.0) in most predator-

prey relationships, indicating biomagnification of this compound. Although the PFAS 

concentrations observed in the present studies are lower than in other similar freshwater 

ecosystems, and the most toxic compounds are now banned in the USA, frequent PFAS detection 

in fish suggests that PFAS continue to cycle in the environment and penetrate aquatic food webs. 



Using effective field theory to search for new physics at the LHC

Kelci Mohrman
Department of Physics

Advisor: Prof. Kevin Lannon

Stretching 27 kilometers in circumference as it straddles the Switzerland-France border near
Geneva, Switzerland, the Large Hadron Collider (LHC) is the largest and most powerful particle
accelerator in the world. By studying the particles produced in the high-energy collisions,
experiments at the LHC study the standard model (SM) of particle physics and search for signs
of new physics beyond the SM. There are many reasons to believe that the SM is not complete;
however, there is no guarantee that new fundamental particles exist at a low enough energy range
to be probed directly at the LHC. For this reason, indirect methods of probing higher energy
ranges are an important part of the search for new physics at the LHC; effective field theory is an
example of such an indirect probe. This talk will discuss the effective field theory approach and
describe a current analysis that is using this framework to search for new physics at the LHC.



Managing High Energy Physics Data at CMS Using Rucio

Connor Moore
Department of Physics and Astronomy

Advisor: Kevin Lannon

Rucio is a distributed data management system developed initially to meet the needs of the
ATLAS experiment at CERN, but has since found a place in various scientific collaborations.
This includes, but is not limited to, other Large Hadron Collider (LHC) experiments like the
Compact Muon Solenoid (CMS) as well as non high energy physics endeavors like the Square
Kilometer Array Observatory (SKAO). Built to interface with pre-existing storage and network
infrastructures, CMS has been able to integrate Rucio into its data management and workflow
management systems; since its adoption in 2019, Rucio has grown to facilitate 400,000 transfer
requests each day between more than 50 centrally managed national laboratories and universities
the world over. This amounts to approximately one petabyte of data being transferred daily for
the purposes of data analysis, Monte Carlo generation, facility management, and much more.
Rucio is open-source and highly customizable, and CMS is actively developing its own
deployment with a focus on automated operations and storage management. There is much more
work to be done in streamlining day-to-day operations, but as data management at CMS
continues to improve, researchers will be able to access analysis data more quickly and more
efficiently than ever before.



Investigating antimalarial drug resistance in the era of malaria elimination in Bangladesh 

Maisha Khair Nima 

Department of Biological Sciences 

Advisor: Angana Mukherjee, Michael Ferdig 

Coauthors: Douglas A. Shoue, Nirjhar Bhattacharyya, Lisa A. Checkeley, Mohammed Shafiul 

Alam, Michael T. Ferdig, Angana Mukherjee 

Antimalarial drug resistance has challenged treatment and malaria control for decades. Partial 

resistance to artemisinins (ART), the worldwide frontline antimalarials against Plasmodium 

falciparum, has emerged and spread in Southeast Asia (SEA) including Myanmar. In SEA, 

falciparum parasites acquired ART resistance, primarily by mutations in the P. falciparum kelch13 

(Pfk13) gene. Bangladesh, neighboring Myanmar, is in a pre-elimination phase with 93% of 

malaria burden reduced. The forested Chittagong Hill Tracts (CHTs) bordering Myanmar 

however, is malaria endemic with active transmission. For successful malaria elimination in 

Bangladesh; continued efficacy of ART, early detection of resistance, proper surveillance, and 

effective containment is imperative. Additionally, the spread of certain resistant Pfk13 alleles in 

neighboring Myanmar creates an urgency to assess whether acquiring these mutations will render 

the Bangladeshi parasites ART resistant. We undertook and published a study showing clinical 

efficacy of ART and partner drug combination, directly in 24 patients with P. falciparum mono-

infections in the CHTs. However, upon adapting these clinical isolates in the lab and measuring 

their susceptibility to ART in vitro, we found that a cohort of these parasites are ART tolerant but 

surprisingly do not harbor any Pfk13 mutations. We introduced three Pfk13 mutations known to 

mediate variable ART resistance in SEA, into ART sensitive Bangladeshi parasites by CRISPR-

Cas9 gene editing. We then quantified the capacity of these gene edited isolates to induce ART 

resistance in vitro. All three gene edited isolates generated variable degrees of resistance in the 

Bangladeshi parasite background. We are currently measuring their competitive growth and fitness 

to gauge their propensity to spread in the population if they were to emerge in Bangladesh. This 

comprehensive assessment proactively prepares for the imminent possibility of ART resistance 

emerging in Bangladesh, by identifying causal genetic determinants, and assessing whether fitness 

costs can impede the spread of resistance in Bangladesh. 



Does the MALAT1 Triple Helix Form in the Presence of mascRNA? 

Mika Schievelbein 

Department of Chemistry and Biochemistry 

Advisor: Jessica A. Brown  

One surprise from the Human Genome Project is that the majority (70%) of expressed genes are 

non-coding RNAs, meaning they do not encode proteins. Long non-coding RNAs (lncRNAs) are 

a class of non-coding RNAs that are greater than 200 nucleotides in length. Human 

metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is an 8,000-nucleotide 

lncRNA that is found at high levels in cancer cells. At the 3'-end of mature MALAT1 is a triple 

helix. The triple helix functions as a stability element, ultimately leading to MALAT1 

accumulation and thus, cancer progression. Uniquely, MALAT1 is initially synthesized as a 

precursor, which has a tRNA-like structure known as MALAT1-associated small cytoplasmic 

RNA (mascRNA) downstream of where the triple helix normally forms. In the precursor, a 

trailer region downstream of mascRNA base pairs with nucleotides that normally participate in 

the triple helix, which would preclude formation of the canonical MALAT1 triple helix. 

RNases P and Z excise mascRNA, producing the mature form of MALAT1, mascRNA, and an 

unstable trailer region that is degraded. Here, we show preliminary evidence that is consistent 

with triple helix formation of the uncleaved MALAT1, suggesting the formation of a triple 

helix whose base triple composition is different than the canonical triple helix structure of 

mature MALAT1. Elucidating the details of triple helix formation preceding the 3'-end 

processing event will provide insight into the relationship between a dynamic triple helix and the 

3'-end processing of MALAT1. 



Thermal Transport in Citrate-Capped Interfaces using a Polarizable Force Field

Sydney A. Shavalier
Department of Chemistry and Biochemistry

Advisor: J. Daniel Gezelter

The  interfacial  thermal  conductance  from solvated  gold  nanostructures  capped  with  sodium
citrate was determined using reverse nonequilibrium molecular dynamics (RNEMD) methods.
The surfaces of spherical nanoparticles and the (111) surfaces of fcc gold slabs were modeled
using the density readjusting-embedded atom method (DR-EAM) as well as with the standard
embedded atom method (EAM), and the effects of polarizability on the binding preferences of
citrate were determined. We find that the binding configurations of citrate depend significantly
on  gold  surface  curvature  and  are  not  strongly  influenced  by  surface  polarizability.  The
interfacial thermal conductance was also determined for the spherical nanoparticles and (111)
surfaces, and we find that applying DR-EAM increases the interfacial thermal conductance for
systems with spherical nanoparticles much more sharply than for systems with (111) surfaces.
Through  analysis  of  excess  charge  density  near  the  interface,  we  find  that  inclusion  of
polarizability has a larger impact on image charge creation in nanospheres than it does for the
planar (111) interfaces. This effectively increases the interaction strength to polar species in the
solvent, yielding larger interfacial thermal conductance estimates for the nanospheres.



 Modular Soft Leg Design for Terrestrial Robots

Abu Nayem Md. Asraf Siddiquee 

Department of Electrical Engineering 

Advisor: Dr. Yasemin Ozkan-Aydin 

Soft robots have the ability to adapt to their environment, which makes them suitable for use in 

disaster areas and agricultural fields, where their mobility is constrained by complex terrain. One 

of the main challenges in developing soft terrestrial robots is that the robot must be soft enough to 

adapt to its environment, but also rigid enough to exert the required force on the ground to 

locomote. A variety of methods have been used to develop soft-rigid robots, such as using a rigid 

skeleton inside a soft body or using a combination of soft and rigid materials in appendages. In 

this paper, we report a pneumatically driven, modular soft leg (MSL) made of soft-rigid materials 

for terrestrial robots capable of generating specific mechanical movement to locomote and 

transport loads in any direction. This two-segmented soft leg uses actuation in between the joint 

and two thin plastic parts covering the lower segment of the leg to ensure adequate rigidity to exert 

the required force on the ground to locomote in a targeted direction. A prototype of a soft-rigid 

bodied tethered physical robot was developed to assess the performance of soft legs in terms of 

locomotion speed and load-carrying capacity. This 4-inch and 50 g MSL exerts 0.02 N force, and 

the 100 cm and 150 g robot (with 2 MSL) can achieve 0.02 m/s linear speed, while to transport 

100 g load the robot requires 6 MSL to perform combinedly to reach 0.02 m/s locomotion speed. 

Our design method offers a simple and efficient way to develop terradynamically capable soft 

appendages that can be used in a variety of locomotion applications.  



Energy Landscapes of Supramolecular Peptide−Drug Conjugates Directed by Linker
Selection and Drug Topology

Matthew J. Sis
Department of Chemical & Biomolecular Engineering

Advisor: Matthew J. Webber
Coauthors: Zhou Ye, Katherine La Costa, and Matthew J. Webber

Abstract: Peptide−drug conjugates that self-assemble into supramolecular nanomaterials have
promise for uses in drug delivery. These discrete molecular species offer high and precise drug
loading, affording efficient carriers for various therapeutic agents. Their peptide modules,
meanwhile, enable biological targeting and stimuli-responsive function while also ordering the
assembled nanostructure. The often hydrophobic drug payload likewise acts as a directive for
self-assembly in aqueous media. Though accessible synthetic methods have allowed for
extensive exploration of the peptide design space, the specific contributions of the drug molecule
and its linker to the resulting assembly have been less explored. Hydrophobic drugs frequently
have planar domains, conjugated π-systems, and isolated polar groups, which in turn can lead to
specific and directional self-interactions. These energies of interaction affect the free energy
landscape of self-assembly and may impact the form and assembly process of the desired
nanomaterial. Here, two model supramolecular peptide−drug conjugates (sPDCs) are explored,
composed of the corticosteroid dexamethasone conjugated to a conserved peptide sequence via
two different linker chemistries. The choice of linker, which alters the orientation, rotational
freedom, and number of stereoisomers of the prodrug in the final sPDC, impacts the mechanism
and energetic barrier of assembly as well as the nano/macroscale properties of the resultant
supramolecular materials. Accordingly, this work demonstrates the nonzero energetic
contributions of the drug and its linker to sPDC self-assembly, provides a quantitative
exploration of the sPDC free energy landscape, and suggests design principles for the enhanced
control of sPDC nanomaterials to inform future applications as therapeutic drug carriers.



Discovery of High-Performance Gas Separation Polymer Membranes Assisted by Machine 

Learning (ML) 

Agboola Suleiman 

Department of Chemical and Biomolecular Engineering 

Advisor: Ruilan Guo  

Coauthors: Jiaxin Xu, Tengfei Luo 

Membrane-based separation technologies have great promise to dramatically drive down 

the energy, carbon footprint, and water intensity of traditional thermally driven separation 

processes such as cryogenic distillation. Currently, the development of novel polymeric 

membrane materials largely involves tuning chemical structures or incorporating groups that 

either has a higher affinity for specific gases or increase free volume for higher diffusivity. This 

Edisonian process frequently related to the need for trial and error for achieving desirable 

microstructures inevitably leads to very long material development cycles. Moreover, it could 

lead to the unintentional omission of potential high-performance target polymers due to 

nonfamiliarity. Therefore, data-centered approaches that link the gas permeabilities and 

selectivities of polymers to their chemical descriptors have been recently leveraged to aid 

this hit-or-miss process. In this study, we experimentally validated several performance-

predicting models recently developed from machine learning algorithms that were trained to 

predict the gas separation performance of polymers not previously reported for gas separation. 

Specifically, several polyimides with various structural features were chosen from the set of 

polymers predicted to be above the 2008 Robeson upper bound. Their choice was informed 

by their combination of predicted gas permeabilities and selectivities, cost and availability of 

their monomers, and synthesizability. These polyimides were synthesized through conventional 

condensation polymerization using thermal imidization and their comprehensive analysis was 

done. On testing their separation performance with light gases such as H2, CO2, O2, N2, and 

CH4, they displayed strong molecular-sieving characteristics above 2008 upper bound for 

processes such as hydrogen purification (H2/CH4) and air separation (O2/N2). Excitedly, the 

experiments validated the ML model predictions within the degree of uncertainty. This talk will 

focus on the synthesis, characterization, and gas transport properties of these high-performance 

polyimides. 



Taking a Large Look at the Small Scale Circumgalactic Medium

Jessica Sullivan
Department of Physics and Astronomy

Advisor: Chris Howk and Nicholas Lehner

Galaxies are surrounded by a diffuse halo of gas known as the circumgalactic medium (CGM)
which extends far beyond their stellar component. This reservoir of gas plays an important role
in regulating the life cycle of their host galaxies. CGM studies are mostly limited to absorption
line techniques, which make use of absorption features in the spectrum of a background object to
characterize the intervening material. Typically, absorption line studies provide a single
measurement per galaxy, making the full dynamics and scales of the CGM difficult to capture.
Here I will show how gravitationally lensed quasar systems can be used to obtain multiple
measurements for the CGM of a single galaxy, providing spatial information in the CGM of
galaxies beyond the local universe. With recent large scale surveys and new methods of
discovering lensed quasar systems, it is now possible to build up large studies of the variation of
CGM properties. I will present how the properties of the cool CGM gas can vary on small scales
and discuss some early interpretations of these results.



Measuring and Comparing the Masses of Five Uniformly Sized Planets in the Kepler-323 and
Kepler-104 Systems

C. Alexander Thomas
Department of Physics and Astronomy

Advisor: Dr. Lauren Weiss

Of the approximately 4,000 stars that host exoplanets, almost half of them were discovered by
the NASA Kepler mission, and at least 25% of the Kepler stars host more than one planet. While
the Kepler mission was successful in discovering planets of a wide range of sizes via the transit
method, this technique does not, in most cases, relay information about the masses of the planets.
We measured the masses of five planets in two planetary systems using the Doppler technique, in
which we detected doppler shifts in stellar spectra as the gravity of the planets accelerated their
host stars. Our spectra come from the HIRES instrument at the W.M. Keck Observatory and the
HARPS-N instrument on the Telescopio Nazionale Galileo. For Kepler-323 and Kepler-104, we
analyzed 129 and 44 radial velocity measurements, respectively. The two Kepler-323 planets
have masses of 2.7 1.5 and 7.0 1.9 Earth masses and the three Kepler-104 planets are 11.5± ± ±
3.3, 8.4 4.4, and 7.0 4.7 Earth masses. The Kepler-104 system is a uniform system. This is± ±
shown by a low value for gap complexity and a mass partition that is the third lowest of systems
containing at least three planets with determined, reliable masses. Meanwhile, the Kepler-323
planets have a mass partition similar to that of the rocky Solar System. The discovery and
characterization of multi-planet systems, especially those containing sub-Neptune sized planets
orbiting close to their star, like Kepler-323 and Kepler-104, is relatively new and important as it
illuminates, not only on the current structure of exoplanet systems, but also on potential
formation mechanisms.



Milky Way Disk-halo interface: A Warm-Hot Mess!

Ananya Tuli
Department of Physics and Astronomy
Advisor: Chris Howk, Nicolas Lehner

Abstract: Similar to the Earth’s atmosphere, our galaxy, Milky Way has its own 
atmosphere. This is known as the disk-halo interface. It is a layer of gas within the first 5-10 
kpc of the Galaxy plane supported by energy and mass feedback from the stars. In spiral galaxies 
like our Milky Way, the disk-halo interface partly controls how these galaxies evolve over 
time. In this region, the newly ejected metal-enriched material from the disk mixes with the 
preexisting halo gas. Thus, the disk-halo interface plays a crucial role in the gas recycling and 
metal enrichment of the halo gas. The gas dynamics in the disk-halo interface regulate its overall 
extension and ionization condition. Recent studies have found conflicting results about the 
matter distribution and extension of the disk-halo interface. This research presents a new 
point of view on how the disk-halo interface matter is distributed, its extension, and its 
ionization condition.



Plasmodium falciparum hrp2/hrp3 deletion typing by novel digital PCR 
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The most used P. falciparum rapid diagnostic tests (RDT) target is the Histidine-Rich Protein 2 

and 3 (HRP2/3) antigens. An increasing number of countries report parasites that carry hpr2 and/or 

hrp3 gene deletions, which makes them undetectable by these RDTs. Molecular surveillance of 

hrp2/3 deletions is thus crucial but proving the absence of a gene is difficult using conventional 

PCR techniques. We have developed a novel assay for deletion typing based on digital PCR 

(dPCR). The assay was optimized on two digital PCR systems. The latter allows the detection of 

hrp2/3 deletions in a single tube. To compare the assay to conventional protocols relying on nested 

PCR (nPCR) and visualization of the product on a gel, 248 samples from asymptomatic infections 

from western Kenya were screened in triplicate by dPCR and nPCR. A prevalence of deletion of 

8% was observed by nPCR. No deletions were observed by dPCR, indicating false-negative results 

by nPCR. In addition, mixed infections with wild-type and hrp2-deleted parasites presented a 

challenge for surveillance, as the wild-type parasite could mask the presence of the deletion. By 

dPCR, mixed infections were reliably detected when the proportion of parasites carrying the 

deletion is >40%. We screened 819 samples from Kenya, Tanzania, Ghana, Ecuador, Brazil, and 

southwestern Ethiopia by dPCR. No deletions were observed in samples from Kenya, Ghana, and 

Tanzania. In Ethiopia, 2.1% of samples carried a hrp2 deletion, and 76.9% hrp3 deletions (one 

double deletion). In Brazil, 41% of samples carried hrp2 deletions, and 53% hrp3 deletions (39% 

double deletions). In Ecuador, no hrp2 deletions were observed, but 47% of samples carried hrp3 

deletions. In conclusion, dPCR allows for rapid and highly accurate typing of hrp2/hrp3 deletions. 

The assay is currently being set up in Ethiopia for molecular surveillance of hrp2/hrp3 deletions 

across Africa. 
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Characterization of a novel microtubule-binding protein, CLIPR76, and its role in 

cardiomyocyte development 

Annamarie T. Bryant 

Department of Chemistry and Biochemistry 

Advisor: Holly Goodson 

Coauthors: Gergana Ugrinova, Jill Voreis, Claire Whalen, and Holly V. Goodson 

CLIPR76 is a formally uncharacterized protein capable of binding both microtubules (MTs) and 

membranes. Encoded by the CLIP4 gene, CLIPR76 consists of (at least) 23 exons spanning 166 

kb with the longest open reading frame encoding a 76 kDa protein. Previous work has 

demonstrated that CLIPR76 mRNA is most highly expressed in striated muscle, and preliminary 

data indicate that CLIPR76 protein is highly upregulated when murine C2C12 myoblast cells are 

induced to differentiate into skeletal muscle. Bioinformatics analysis of the NCBI Reference 

Sequence Database suggests that there are at least three isoforms of CLIPR76 in humans; 

overexpression of isoform-specific CLIPR76 constructs has indicated that isoforms 1 and 3 

localize to MTs whereas isoform 4 localizes to the endoplasmic reticulum (ER). These 

observations suggest that CLIPR76 plays a role in the development and maintenance of striated 

muscle, perhaps by helping direct the cytoskeletal and ER/sarcoplasmic reticulum membrane 

rearrangements necessary for muscle development and maintenance. To further elucidate the role 

of CLIPR76 in striated muscle development, we have shifted our model system from C2C12 

cells to human induced-pluripotent stem cells differentiated into beating cardiomyocytes. 

Preliminary immunofluorescence experiments show that CLIPR76 localization changes 

throughout cardiomyocyte development, moving from the nucleus/perinuclear space and into the 

cytosol and along undefined filaments at the cell periphery; further investigation is needed to 

assess CLIPR76 localization and determine the identity of these filaments. CRISPR knockout of 

CLIP4 is currently underway to assess the effects of depleting CLIPR76 in developing 

cardiomyocytes. We are utilizing RT-qPCR to determine the relative levels of CLIPR76 mRNA 

at various developmental timepoints with isoform-specific primers; to identify peptides specific 

to each isoform, we will use our CLIPR76 antibody for immunoprecipitation followed by mass 

spectrometry analysis. Microtubules are a key element in the cardiomyocyte cytoskeleton where 

they function as scaffolds for myofilaments and aid in the positioning and organization of 

organelles; our work with CLIPR76 seeks to further elucidate the role of CLIPR76 in cardiac 

muscle development. 



Metal Cocatalyst Dictates Electron Transfer in Ag-decorated MoS2 Nanosheets 

Bo-An Chen 
Department of Chemistry and Biochemistry  

Advisor: Sylwia Ptasinska and Prashant V. Kamat 

Two-dimensional transition metal dichalcogenides such as atomically thin MoS2 

nanosheets are useful as low-cost solar energy conversion materials. Colloidally 

stable few- and monolayer MoS2 nanosheets in dimethylformamide were prepared 

via an electrochemically-assisted liquid phase exfoliation approach. These 

nanosheets were further modified with Ag nanoparticles using photocatalytic 

reduction of Ag+ ions. An MV2+/MV+• redox couple was employed as a probe to 

determine the rate constants of photoinduced forward electron transfer (kf) and dark 

back electron transfer (kb) processes to establish the role of Ag cocatalyst in promoting 

photocatalytic reduction. The kf and kb rate constants increase with increasing Ag 

nanoparticle loading but with different dependencies, yielding a maximum reduction 

efficiency of 4.4%. At higher Ag loadings, the reduction yield decreases as back electron 

transfer dominates over the forward electron transfer process. Establishing the role of 

noble metal cocatalyst in the photoinduced charge transfer processes of Ag-MoS2 hybrid 

composites offers design strategies to maximize the photocatalytic performance of 

semiconductor-metal heterostructures. 



Using a Model-Based Framework to Assess the Theoretical Feasibility of 

Monitoring Zika virus with Wastewater-Based Epidemiology (WBE) 

William Chen 

Department of Civil and Environmental Engineering & Earth Sciences 

Advisor: Kyle Bibby 

Coauthors: Kyle Bibby 

Abstract: Wastewater-Based Epidemiology (WBE) is a promising community-level monitoring 

technique primarily used for tracking diseases with well-documented enteric transmission or 

shedding. However, it is less clear if WBE is feasible for monitoring vector-borne pathogens 

such as Zika virus. Using Monte Carlo simulation, the distributions for 1) total Zika RNA 

shedding from infected individuals and 2) the process limit of detection (PLOD) for WBE were 

generated, and the probability of detection in wastewater per infection rate was calculated. Urine 

drives Zika RNA shedding, leading to a median total shedding of 6.73 log10 genome copies 

(GC)/day. At a minimum PLOD of 1.16 log10 GC/L, an infection rate of 0.11% (single PCR 

replicate) is required for 50% probability of detection based on typical United States wastewater 

treatment plant (WWTP) flows. Comparing our results to historical cases, successful Zika WBE 

application is unlikely in the United States. The situation for Zika-endemic countries with 

decreased WWTP per capita flow rates, such as Brazil and Colombia, is more nuanced. Based on 

historically reported clinical cases, Zika wastewater detection in Brazil and Colombia is only 

likely during an outbreak such as observed in 2016. However, the great discrepancy between true 

and reported clinical cases suggests that Zika WBE for endemic countries is potentially feasible 

in the absence of outbreaks. Finally, we identify future work necessary for improved assessment 

of Zika WBE applications. 



The effects of nitrate and labile carbon inputs on nitrogen removal in four experimental
streams

Jonathan P. Gilman
Department of Biological Sciences

Advisor: Jennifer L. Tank
Coauthors: Abagael N. Pruitt, Meg L. Hilbert, Anna E.S. Vincent

The intensification of agriculture has led to a significant increase in global nitrogen (N) fertilizer
use, resulting in an increase in N runoff to nearby streams. As inorganic N inputs to streams
increase, stream retention and transformation capacities decrease and N is transported
downstream, resulting in harmful eutrophication events. However, controls on nitrate removal
are understudied. Therefore, we used four experimental streams to investigate nitrate (NO3

--N)
removal dynamics temporally (day versus night), with varying degrees of biofilm colonization,
and with the addition of labile carbon (C) inputs. We performed experimental NO3

--N and
NO3

--N+C releases in these four streams on three separate dates from July to September 2022 to
account for early biofilm growth (EG), late biofilm growth (LG), and senescence (S). For each
date, we performed releases during both the day and night in an attempt to partition the role of
autotrophs and heterotrophs on nutrient uptake in these systems. We found that average Gross
Primary Productivity was highest during our LG phase (mean EG= 0.62 gO2m-2d-1, mean LG=
0.74 gO2m-2d-1, mean S= 0.43 gO2m-2d-1), while average Ecosystem Respiration (ER) was highest
in our S phase (mean EG= -7.1 gO2m-2d-1, mean LG= -8.4 gO2m-2d-1, mean S= -8.6 gO2m-2d-1).
Average NO3

--N demand (as uptake velocity; Vf) corresponded with average ER, where Vf

increased from our EB to our S phase (mean EG: 1.02 mm min-1, mean LG: 1.3 mm min-1; mean
S: 2.2 mm min-1). Vf did not change significantly in the presence of a labile carbon source (mean
NO3

--N Vf 1.8 mm min-1; mean NO3
--N+C uptake velocity: 1.2 mm min-1). Understanding the

temporal and biogeochemical dynamics and controls of these nutrient removal pathways will aid
in efforts to improve water quality in heavily impacted agricultural streams.
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Human metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is a nuclear-retained 

long non-coding RNA (lncRNA) with a 3′-terminal triple helix. The overaccumulation of 

MALAT1 can result in the onset and progression of disease. The triple helix contributes to the 

overall stability of MALAT1 by preventing 3′ degradation, making the triple helix an enticing 

therapeutic target. LncRNA therapeutics are being developed with a large focus on antisense 

oligonucleotide, microRNA, short hairpin RNA, and small interfering RNA. These RNA 

therapeutics have numerous caveats, such as cell membrane permeability and toxicity. Small 

molecule therapeutics are rapidly expanding in response to these caveats due to their deliverability, 

uptake, and tunability. Promising small molecule libraries were developed and initially 

characterized for their binding effects on the MALAT1 triple helix by the Hargrove laboratory but 

selectivity against other triple-helical RNAs was not reported. We aim to address this gap by 

determining the binding interactions of the diphenylfuran (DPF) and diminazene (DMZ) small 

molecule libraries against the MALAT1 triple helix and MALAT1 triple-helical variants that have 

varying base triple composition and length of triple helix. The binding selectivity, mode, and 

affinity of these small molecules for the MALAT1 triple helix will be determined. Our preliminary 

results show that DMZp8, an DMZ derivative, is the most selective towards the MALAT1 triple 

helix. Additionally, DPFp8, DPFp9, DPFp10, DMZp8, and DMZp13 are competitively displacing 

SYBR Green II, an intercalating dye, suggesting an intercalation binding mode for these small 

molecules with the MALAT1 triple helix. DMZp0, DMZp1, DMZp9, DMZm1, DMZm10 and 

DMZo2 compete poorly SYBR Green II and are likely binding in the groove of the MALAT1 

triple helix. Moreover, there is no three-dimensional (3D) structure of the MALAT1 triple helix in 

complex with a DPF or DMZ small molecule; therefore, we are employing cryogenic-electron 

microscopy (cryo-EM). Thus far, a structure of the apo MALAT1 triple helix was solved at a 

resolution of ~5 Å, and continuing efforts are underway to achieve near-atomic resolution. Overall, 

this study will provide a platform for researchers to better understand how small molecules interact 

with the MALAT1 triple helix, providing a means to rationally design better binders. 
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Abstract: Leishmaniasis is a neglected infectious disease caused by a group of over 20 species of 
protozoan parasites of the genus Leishmania, which infect 1.2 million people worldwide each 
year. Clinical manifestations of leishmaniasis range from ulcerating skin lesions (cutaneous 
leishmaniasis, CL) and necrosis of the mucosal membranes (mucocutaneous leishmaniasis, 
MCL) to disseminated hepatosplenomegaly and death (visceral leishmaniasis, VL). Current
available treatments for leishmaniasis are often limited by increased cost, long treatment
regimens, off-target host toxicity, and drug resistance. In recent years, gold nanoparticles
(AuNPs) have shown promise as drug delivery systems due to their low toxicity and their ability
to increase drug availability, delivery, and solubility. In this study we aim to explore the use of
drug loaded 11-mercaptoundanoic acid (11- MUA) functionalized AuNPs with an identified
novel compound, 1,4-diaryl-pyrazolo-pyridinone (1,4-DAPP), which shows promise as an anti-
leishmanial drug. 1,4-DAPP loaded 11- MUA functionalized AuNPs were screened against
human THP-1 monocytic cell lines to determine cytotoxicity. Initial cytotoxicity results indicate
that drug loaded 11-MUA AuNPs show minimal cytotoxic effects on host cells at concentrations
of up to 200μM when compared to Miltefosine, a current therapeutic to treat leishmaniasis.
Drug-loaded AuNPs were then screened through a fluorometric assay against L. donovani
promastigote parasite life stages. Initial fluorometric assay results indicate the IC50 (50%
inhibitory concentration) of the drug loaded AuNPs to be around 23μM. Preliminary results
suggest AuNPs can be used as a drug delivery system due to low cytotoxicity and efficient drug
delivery.



The Kepler Giant Planet Search: Connections between the Orbital Spacings of Inner Planets
and Outer Giant Planets in Extrasolar Systems
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Our Solar System consists of several giant planets – namely Jupiter and Saturn – orbiting beyond
four smaller, terrestrial planets. However, it is unclear if this architecture extends to planetary
systems around other stars, i.e. “extrasolar” systems. While the NASA Kepler mission
discovered thousands of exoplanets between the sizes of Earth and Neptune at short separations
(less than 1 AU) from their host stars, it was not sensitive to planets at larger separations. I will
describe how we use the recently analyzed catalog of systems from the Kepler Giant Planet
Search (KGPS), a systematic survey of giant planets in Kepler systems using the radial velocity
method, to study correlations between the arrangements of the inner transiting planets and the
presence of outer giant planets. I will show that in the KGPS systems with at least three
transiting planets, those with an outer giant planet (defined as greater than the mass of Saturn)
tend to have significantly more irregularly-spaced orbits than those without any outer giants, in
the form of exhibiting larger “gap complexities” (a measure of the deviation from uniformity in
orbital spacing). Our finding suggests that one can predict the occurrence of outer giant
companions by selecting planetary systems with highly irregular spacings, and hints that massive
external planets play an important role in the formation and/or disruption of the inner systems.
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Abstract: The widespread use of nitrogen (N) fertilizers across agricultural landscapes enhances
land productivity and maximizes yields. When applied in excess, N is transported into adjacent
waterways and leads to degraded water quality downstream. Nitrogen is a limiting nutrient when
found in low concentrations, and ammonium is the primary form used by biota. Ammonium
removal from the water column can be achieved via assimilatory uptake or through the
dissimilatory process of nitrification where ammonium is transformed into nitrate. For this
project, we sought to identify the effects of ammonium and carbon (C) availability on reach-scale
ammonium uptake and nitrification (as nitrate production) rates in headwater streams. We
conducted short-term ammonium and ammonium+C releases in replicated experimental streams
to estimate reach-scale ammonium removal and nitrate production. During summer 2022, we
conducted three sets of releases during day and night conditions to capture changes in diurnal
nutrient demand and seasonal shifts in biofilm colonization. Over the study period, we did not
see a distinction in ammonium removal relative to demand [measured as uptake velocity (Vf),
mm min-1] between daytime and nighttime conditions, and removal was not impacted by the
addition of a labile C source. We detected measurable reach-scale nitrate production during all
biofilm development phases (i.e., early growth, late growth, senescence). Over the course of the
study, we found that nitrate production rates tended to be higher during the ammonium (only)
releases (mean: 0.56 mg m-2 h-1), and appeared to decline slightly when a source of labile C was
added (mean: 0.22 mg m-2 h-1). Nitrate production also trended higher at night when nitrifiers
were free from competition with photoautotrophs and heterotrophs for available ammonium.
This project helps clarify interactions between drivers of nitrification and enhances our
understanding of the role of N transformations in human-impacted headwater streams.



Metagenomics of Phlebotomus papatasi and Lutzomyia longipalpis 

Michelle Huang 

Department of Integrated Biomedical Sciences 

Advisors: Mary Ann McDowell and Jeffrey Feder 

Coauthors: Daniel J. Bruzzese, Douglas A. Shoue, Stephen Richards 

Phlebotomine sand flies are important vectors for disease, transmitting bacterial, viral, and most 

notably, protozoan pathogens to humans. They are the vector for leishmaniasis, a neglected 

tropical disease threatening 350 million people worldwide. As with other arthropods, sand fly 

endosymbionts can have diverse effects on their host and parasite cohabitants. Understanding the 

microbial communities of sand flies can illuminate targets for vector control strategies. Here, we 

characterized the microbiomes of two different species, Phlebotomus papatasi and Lutzomyia 

longipalpis using a combination of 16S rRNA and whole genome sequencing approaches. 

Midguts from 30 to 40 female sand flies in three experimental conditions—sugar-fed, blood-fed, 

or Leishmania-infected blood-fed—at two time points—2 and 12 days post feeding—were 

dissected and pooled for DNA isolation. 16S rRNA gene and shotgun microbiome sequencing 

were performed using the Illumina sequencing platform and long-read sequencing with PacBio. 

Additionally, the microbiomes from individual P. papatasi sand flies collected from 

Afghanistan, Tunisia, and Egypt and Lu. longipalpis from five different populations in Brazil 

(Jacobina, Marajo, Sobral 1S, Sobral 2S, and Lapinha) were annotated and assessed. In colony 

sand flies, the relative abundance of Wolbachia was greatest in sugar-fed pools and there was 

higher microbial diversity in pools 12 days post-feeding compared to 2 days post-feeding in all 

conditions. In field-collected sand flies, individuals separated into distinct clusters reflecting 

their collection site. Interestingly, the sympatric Sobral 1S and Sobral 2S populations were more 

similar to allopatric populations than each other. This characterization of microbial communities 

in wild and experimentally fed sand fly populations will allow further exploration of how the 

microbiome can be manipulated to alter vector-parasite survival and transmission efficiency. 
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Abstract: Passive radiative coolers, which allow emitting radiation through an atmospheric 
window (8 < λ < 13 μm), have attracted much attention as a solution to climate change issues, 
owing to their potential in energy- and refrigerant-free cooling capability. In particular, transparent 
radiative cooler (TRC) that has high transmission in visible light and high emission in the 
atmospheric window has been developed for energy-saving windows. However, it is difficult to 
design a high-performance TRC with high visible transparency along with high ultraviolet and 
near-infrared reflection and high cooling capability. In this work, we design a visibly transparent 
radiative cooler using a quantum computing-assisted active learning design scheme that combines 
machine learning, quantum annealing, optical simulation, and on-the-fly dataset acquisition in one 
iteration. The optimally designed cooler has high visible light transmission and low ultraviolet and 
near-infrared light transmission to maximize cooling performance, and high emission in the 
atmospheric window range. We experimentally demonstrate the optical properties of the designed 
cooler and demonstrate its passive cooling ability under dynamic environments by field 
experiments. The field testing results show a temperature reduction of up to 6.1°C when using our 
fabricated TRC compared with common glass. In addition, we calculate the energy saving for 
cooling when a standard room uses our designed cooler instead of normal windows, and the results 
show that the cooler can lead to a potential energy saving of ~86.3 MJ/m2 annually in hot regions. 
We believe that the designed TRC can be applied for energy-saving windows and the quantum 
computing-assisted active learning scheme can be efficiently used for functional material design 
in general. 



Elucidating the role of Hippo Pathway co-activators yap1 and taz during kidney development
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Kidney organogenesis is a complex developmental process involving the stepwise formation and
degradation of several renal structures. However, each form is comprised of functional nephron
units that possess a similar pattern of cell types arranged into segments with unique physiological
functions. Studying kidney development has become an essential tool for understanding the
mechanisms of renal birth defects and acquired diseases. Ciliopathies are the most prevalent
renal diseases and are typified by cyst formation within the nephrons and collecting ducts of the
kidney. The Hippo signaling pathway has been characterized for its role in many cellular
functions during ontogeny, such as directing cell fate, proliferation, and differentiation, and has
recently been implicated in renal cystogenesis. At present, a substantial knowledge gap persists
regarding the molecular effects of the Hippo pathway coactivators Yes associated protein 1
(yap1) and WW domain-containing transcription regulator1 (taz (wwtr1)) during nephron
segment specification and cell differentiation events like ciliogenesis. The zebrafish provides a
tractable genetic model to elucidate the role of the Hippo pathway during embryonic renal
organogenesis. Here, we report our preliminary findings about the roles of the Hippo pathway
coactivators as revealed by systematic loss of function studies using gene knockdown strategies,
small molecule inhibitors, and assessment of genetic mutants. Elucidating the role of the
downstream response of the Hippo pathway during nephrogenesis will narrow the knowledge
gap about the requirements for these coactivators in kidney formation and can be utilized to
identify therapeutic approaches for developmental conditions caused by alterations in Hippo
signaling.
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Animal husbandry is a major contributor to the spread of antimicrobial resistance (AMR) and 

associated antimicrobial resistance genes (ARGs) in the environment. The use of antibiotics to 

increase animal survivability exhibits selective pressure on the microbiome of the animals, 

resulting in accumulation of ARGs in their manure. Once manure is land-applied, ARGs may 

enter the surrounding agricultural landscape and adjacent fluvial networks through precipitation-

driven runoff events. Subsequent ARG fate and transport in flowing surface waters are 

understudied. A potentially important driver is the availability of coarse and dissolved organic 

carbon, as it can modify physical and biological removal capacity of particulates, like 

environmental DNA. To assess whether organic carbon availability impacts ARG removal from 

the water column, we used indoor experimental recirculating streams to determine water column 

removal of genes encoding resistance to tetracyclines (tetW and tetQ). We tested four leaf litter 

treatments with varying conditions (biofilm colonized leaves, non-colonized leaves, no leaves 

with dissolved organic carbon (DOC), and no leaves) and collected samples at five timepoints up 

to 24 hours after a cow manure slurry addition. We used the best fit model, a single-phase 

exponential decay model on a log-linear scale, to calculate water column removal rates. We 

hypothesized that the colonized leaf litter treatment would have the fastest ARG removal rate 

given the elevated physical and biological removal capacity, followed by uncolonized, then no 

leaf litter. Furthermore, DOC would stimulate microbial activity, therefore ARG removal to a 

greater extent than the no leaf litter treatment. We found that leaf litter, regardless of biofilm 

colonization, and DOC additions increase tetQ removal efficiency relative to the no organic 

carbon control. Removal rates for tetW were not significantly different between treatments, 

suggesting that environmental factors can differentially affect the removal of antibiotic resistance 

encoding genes from surface waters. 
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Many food processing industries produce wastewater with high concentrations of organic matter, 
which require treatment before discharge into the environment. Conventional treatment 
processes are energy intensive due to the low oxygen transfer efficiencies.  A more energy-
efficient treatment option may be the membrane aerated biofilm reactor (MABR), where oxygen 
is transferred via air-filled, gas-permeable membranes directly to biofilms growing on the 
membrane surface. However, recent research suggests that MABRs, when treating high 
concentrations of acetate, are dominated by filamentous fungi. This may be detrimental, as 
fungal biofilms are stiff and can foul the membranes. But it may also be advantageous, as fungi 
can degrade many recalcitrant contaminants that bacteria cannot.  In this research, biofilm 
development over time was studied using a bench-scale MABR treating coffee cherry 
fermentate, mimicking the wastewater from coffee-bean processing plants (wet mills).  The 
biofilm development was monitored in-situ using optical coherence tomography (OCT). 
Epifluorescence microscopy with Calcofluor-white stain (specific to stain fungal cell walls) 
staining and SYTO™ 9 green fluorescent nucleic acid stain (specific to bacteria) staining was 
used to differentiate fungi from bacteria. Removal of organic matter was assessed by the 
chemical oxygen demand (COD), and a removal of a recalcitrant contaminant, phenols, was 
monitored by the Folin-Ciocalteu method. Results confirm a fungal biofilm predominance, 
significant removal of COD, and similar levels of removal of total phenols.  This work confirms 
the past finding of filamentous fungi in MABRs treating high-strength wastewater.  Ongoing 
research is identifying the mechanisms of fungal outcompetition of bacteria in MABRs, and 
assessing the biofilm mechanical properties via rheometry.  
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Atom transfer or exchange chemistry is well-developed for providing fine synthetic control over 
molecular species under mild conditions. However, it is solid-state materials that offer the 
favorable chemical stability, electronic properties, and reactivity desired for energy-related 
applications and catalysis. Indeed, heterogeneous catalysts are used in over 70% of industrial 
chemical processes, yet tuning solid-state compounds is often energy-intensive. Utilizing atom 
transfer/exchange chemistry to synthesize or modify solid-state materials remains virtually 
unexplored. Two-dimensional bimetallic cyanides called Hofmann clathrates have been studied as 
model compounds for fundamental coordination chemistry and for applications as spin-crossover 
materials, porous adsorbents for chemical separations, and heterogeneous catalysts. We seek to use 
these 2D cyanide systems to intercalate and/or template atom transfer or exchange reactants, which 
can then be stimulated to yield materials that cannot be accessed through normal means or to 
stabilize and study active sites relevant to catalysis, such as FeIV=O species. 
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Chronic kidney disease (CKD) is a significant health burden to approximately 15% of the United 
States population, and continued research to understand the onset of CKD is needed. Mutations 
in Apolipoprotein L1 (APOL1) have been linked to increased risk for kidney disease and failure 
in African and African American populations. APOL1 is a component of the cholesterol 
metabolism pathway, and APOL1 is highly expressed in various tissues of the mammalian body 
including the kidney. However, little is understood about the role of APOL1 in these tissues. To 
investigate this gap in knowledge, we are using the zebrafish animal model. The zebrafish 
pronephros is an ideal model for kidney disease and development due to the high conservation 
with the mammalian kidney. In addition, the zebrafish is one of the few organisms to possess 
apol1 in its genome.  We created an apol1 loss of function model using an antisense morpholino 
oligonucleotide (MO) and assessed renal development at critical stages, namely 24 hours post 
fertilization (hpf), 36 hpf, and 48 hpf. Whole-mount in situ hybridization was utilized to examine 
the gene transcripts of cell populations involved in pronephros differentiation, development, and 
segmentation. Here we show knockdown of apol1 significantly reduced the expression of 
podocyte (filtration barrier of the pronephros) lineage-based makers wt1b and nephrin. Our 
results demonstrate that apol1 may have a role in podocyte cell fate and development. Further 
investigation and the use of other gene editing tools such as CRISPR/Cas9 could provide further 
insight into apol1 in pronephros development, elucidating its presence and function in the 
mammalian kidney.



Changing Land Cover via the Planting of Winter Cover Crops Reduces Storm-Driven 

Sediment Export in Agricultural Streams  

Abagael Pruitt 

Department of Biological Sciences 

Advisor: Dr. Jennifer Tank 

Coauthors: Abagael N. Pruitt, Jennifer L. Tank, Shannon L. Speir, Ursula H. Mahl, Jacob A. 

Fries, Anna E.S. Vincent, Todd V. Royer 

Agricultural land use increases soil erosion through intense management and little vegetative 

cover during the fallow season (Nov-May). Crop fields are especially vulnerable during winter 

snowmelt and spring storms. While erosion from farm fields can decrease crop yields and 

increase management costs, it also increases sedimentation in adjacent streams and downstream 

lakes, and these systems will become more vulnerable in the future as the risk of extreme 

precipitation events increases with climate change. Agricultural conservation practices, such as 

cover crops planted during the winter fallow period, may protect soils and reduce storm-driven 

erosion to waterways, thereby minimizing sediment export to sensitive downstream ecosystems. 

To quantify the impact of cover crops on stream sediment export, we measured continuous 

turbidity at the outlets of two agricultural watersheds (Indiana, USA) for four water years. We 

related turbidity to total suspended solids (TSS) using grab samples, and used the Loadflex 

model to generate a multiyear record of daily TSS loads. In the Kirkpatrick Ditch Watershed 

(KDW), 12-32% of croppable acres were cover cropped over four years, while cover crops were 

sustained at 68% in the Shatto Ditch Watershed (SDW). Despite 23% lower runoff, average 

annual TSS export from KDW was ~2x higher (295 kg/ha/yr) than export from SDW (142 

kg/ha/yr), and it was 4x higher when we partitioned TSS losses using only the top 10% of flows. 

Overall, we show that sediment export in agricultural watersheds is variable but cover crops may 

reduce export, especially during vulnerable periods when farm fields are bare in winter and 

spring. 
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The eight-planet Kepler-90 system exhibits the greatest multiplicity of planets found to date, on
par with only the solar system. All eight planets are transiting and were originally detected in
photometry from the NASA Kepler primary mission. The two outermost planets, g and h
(periods 211 and 332 days) exhibit significant transit-timing variations. Because of the paucity of
transits (only 6 and 3 observed transits for planets g and h, respectively), masses for these outer
planets are difficult to determine precisely given the number of free parameters needed to model
their transit times. To overcome this difficulty, we have measured 34 radial velocities of the
Kepler-90 host star over an eleven year baseline using the HIRES spectrograph on the W. M.
Keck Observatory. We jointly model the transit-timing variations of the outer two planets as well
as the radial velocity time series of their host star, arriving at the most precise masses yet for
planets g and h. These results allow for clearer insights into the architecturally rich Kepler-90
system.
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The human genome project and deep sequencing revealed that 76% of human DNA is transcribed 
into RNA but only 3% of human DNA is eventually translated into proteins. Thus, RNAs are 
emerging as important drug targets with advances in understanding the functions, structures, and 
binding properties of more and more RNAs. Unlike single- and double-stranded RNAs, RNA triple 
helices are understudied and their interactions with small molecules is a new frontier.  In our 
current study, we aim to better understand the structure, molecular recognition and interactions of 
triple-helical RNAs with eight triplex-binding molecules (TBMs). Herein, we employed 
differential scanning fluorimetry (DSF), UV-melting, surface plasmon resonance (SPR) and dye 
displacement experiments to evaluate the selectivity, affinity and binding mode of various TBMs 
to MALAT1 triple helix. Thus far, the TBMs berberine, berenil, coralyne, fisetin, quercetin, and 
sanguinarine show selective recognition towards the MALAT1 triple helix but not the RNA 
counterpart lacking triple helix based on DSF and UV-melting experiments. In contrast, neomycin 
binds non-specifically to the MALAT1 triple helix. Most TBMs display broad-spectrum binding 
to various triple-helical RNA structures. The binding affinity of MALAT1 triple helix-TBM 
complexes ranges from sub-micromolar to micromolar range as confirmed by steady state and 
kinetic SPR experiments. The dye displacement assay suggests that coralyne and sanguinarine act 
as intercalators whereas rest of the TBMS are groove binders.  Further, TBMs inhibit the binding 
of methyltransferase-like protein 16, a protein that binds to the MALAT1 RNA triple helix. Thus 
far, we obtained a three-dimensional model of apo MALAT1 RNA triple helix at 7 Å resolution 
using cryo-EM. Future work is focused on elucidating the high-resolution structure of the free and 
TBM-bound RNA triple helices using cryo-EM. 
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The use of environmental DNA (eDNA) as a sampling tool offers insights into the distribution of 

invasive and/or rare aquatic species without traditional sampling efforts, which are often labor-

intensive. However, our understanding of eDNA fate and transport in flowing waters is limited, 

which constrains predictions about the location and density of target organisms after positive 

detection. We conducted pulse releases of Common Carp (Cyprinus carpio) and Steelhead Trout 

(Oncorhynchus mykiss) eDNA in recirculating mesocosms to compare the transport of 

differently sized eDNA particles between the two eDNA sources. The mesocosms (n=24) were 

distributed between three substrate treatments (no substrate, bare substrate, biofilm-colonized 

substrate) and two light availability treatments (shaded, open), which allowed us to measure 

eDNA removal under different environmental conditions. To estimate eDNA removal we 

collected water samples from each mesocosm at intervals of 40 minutes, 6, 18, and 48 hours and 

filtered the samples through 10, 1.0, and 0.2μm filters to separate particles by size. We found 

variation in eDNA particle size distribution between the two species; for Steelhead, the largest 

proportion of eDNA was associated with the smallest size class (0.2μm), while Carp eDNA was 

more evenly split between intermediate (1.0μm) and small sizes. Between the two species, total 

eDNA removal from the water column was higher for Steelhead than for Carp (k=1.64 d-1 versus 

k=2.37 d-1, respectively) under open conditions and mesocosms with bare substrate, indicating 

that Carp eDNA has the potential to travel farther in streams and rivers. The disparities in eDNA 

particle size and removal between these two species suggest that testing of sizes and rates prior 

to a specific application will be necessary. This work contributes to our understanding of eDNA 

transport in streams, which will ultimately advance the effective use of eDNA as a tool for 

monitoring and management. 
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Abstract. The second leading cause of tsunamis (displacement or impulsive waves) are large 
landslides that occur near water bodies. Landslide-generated tsunamis endanger local 
populations as they are often generated unexpectedly and arrive locally within minutes. 
Additionally, most landslide-generated tsunami waves occur in confined geometry (e.g., fjord, 
bay, inlet, river, lake), and the energy is trapped, which can cause a reflecting wave that can 
make evacuations dangerous. Herein, we investigate a recent landslide-generated tsunami in 
Washington State, the 1949 Tacoma Narrows event. Three days after the 6.7 magnitude Olympia 
earthquake, a subaerial landslide occurred at Tacoma Narrows, generating a 2-3 m wave that 
threatened 300 Salmon Beach residents. Landslide materials included glacial sediments (gravel, 
sand, silt), large trees and vegetation, and unknown amounts of water. Based on historical reports 
and QGIS analysis of topography slope characteristics, this study defines a landslide source 
model. We generate landslide pre-event and basal surfaces through a United States Geological 
Survey code, Digger. Then, we implement the pre-processed files into D-Claw, a depth-averaged 
two-phase model that describes the evolution of solid and fluid volume fractions. D-Claw has 
two-way conservation of momentum between the landslide and the generated fluid impulse 
wave, simulating the geohazard as a single-layer continuum with evolving solid-grain 
concentrations. Preliminary results indicate that landslide mobility (evolving solid-volume 
fraction) and topography/bathymetry are first-order controls on model results. Work is ongoing 
to institute gauges for comparing model results to historical accounts for quasi-validation and to 
investigate wave train reflection patterns. Implications of this work include improving our 
understanding of how landslide mobility influences wave reflection patterns in complex 
environments, which could inform potential risk mitigation strategies for these multi-hazard 
events.  
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Fertilizer runoff from farm fields can contribute excess nutrients to adjacent streams, 

compromising water quality of downstream ecosystems. Drainage water management (DWM) is 

an agricultural conservation practice that regulates water release from fields via control of 

subsurface tile drainage during the fallow season. We used a combination of bi-weekly grab 

samples and high-frequency sensing of dissolved reactive phosphorus (DRP) and nitrate-N to 

quantify nutrient losses from a paired DWM and unmanaged agricultural field located in the Paw 

Paw River Watershed (Van Buren County, MI), which empties into the St. Joseph River and 

Lake Michigan. Over three months (Oct-Jan), we compared continuous nutrient loss data 

generated via nutrient sensors to modeled nutrient loss data using Loadflex modeling and grab 

samples. During this period, DWM reduced nitrate-N losses from subsurface tile drainage by 

73% when compared to unmanaged tile yields (124 vs. 449 kg N ha-1 d-1, respectively). Loadflex 

overestimated nitrate-N yields from the DWM field by 30% compared to continuous nitrate-N 

sensor measurements (176 vs. 124 kg N ha-1d-1, respectively), but underestimated yield by 21% 

in the unmanaged field (854 vs. 1082 kg ha-1 d-1, respectively). During this period, DWM 

reduced DRP losses from subsurface tiles by 72% compared to the unmanaged tile drain (0.17 

vs. 0.60 kg P ha-1d-1, respectively). In contrast, model estimation consistently overestimated DRP 

losses. For the DWM field, modelled cumulative yields were 43% higher than sensor 

measurements (0.30 vs. 0.17 kg P ha-1 d-1, respectively), and were 29% higher for the unmanaged 

field (1.4 vs. 1.0 kg P kg P ha-1 d-1, respectively). In high flows we found the model consistently 

underestimated load for DRP and nitrate-N. This research highlights the impact of DWM on 

DRP and nitrate and the use of high frequency nutrient data to document impacts of conservation 

practices in a changing climate. 



Exploring Linkages Between Ammonium and Nitrate Losses from Fields, Nutrient Export, 

and Stream Metabolism in Two Agricultural Watersheds 

Anna E.S. Vincent 

Department of Biological Sciences 

Advisor: Dr. Jennifer L. Tank 

Co-authors: Jennifer L. Tank, Abagael N. Pruitt, Shannon L. Speir, Matthew T. Trentman, 

Ursula H. Mahl, Todd V. Royer 

Nitrogen fertilizers maximize crop yields, but agricultural runoff impacts water quality and 

ecosystem function in adjacent freshwaters. Given the prevalence of nitrification in 

soil/sediments, ammonium-based fertilizer runoff results in stream nitrate contamination. 

Ammonium is the preferred source of inorganic nitrogen and supports stream metabolism [gross 

primary production (GPP) and ecosystem respiration (ER)]. Planting cover crops reduces stream 

nitrate losses during winter/spring, but less is known about whether cover crops impact 

ammonium losses. We used long-term, biweekly data collected from the Shatto Ditch (SDW) 

and Kirkpatrick Ditch Watersheds (KDW) in Indiana to compare inorganic nitrogen losses and 

the impact of cover crops across spatial scales. We quantified losses from fields with/without 

cover crops (via tile drains), and export from watershed outlets. We measured dissolved oxygen 

and temperature every 30 minutes at each outlet using Hydrolab minisondes and modelled daily 

GPP and ER using StreamMetabolizer. Tile flows controlled interannual variation in nitrate 

losses, but not ammonium, suggesting field-scale loss patterns were solute-specific and 

decoupled due to different drivers. Cover crops reduced field-scale ammonium and nitrate losses 

by 54-74% and 57-69% during winter/spring, respectively, at SDW, but losses at KDW were 

variable. Watershed-scale ammonium and nitrate export was highest during the highest flows 

and varied among years, but average ammonium yields (0.001 kg ha-1 d-1) were two orders of 

magnitude lower than nitrate yields (0.1 kg ha-1 d-1). At the watershed-scale, spring ammonium 

yields were higher than winter at SDW, while spring nitrate yields were higher than winter at 

KDW (t-test, p<0.001). Nitrate concentrations were positively correlated with GPP and ER 

(Spearman’s ρ=0.18-0.20; p<0.001), but the association between ammonium and stream 

metabolism varied by stream and metric. Given linkages between ammonium availability, 

nitrification, and stream metabolism, understanding controls on field- and watershed-scale losses 

will be critical for managing water quality in agricultural landscapes. 



Multi-omics Profiling to Assess Signaling Changes upon VHL Restoration and 
Identify Putative VHL Substrates in Clear Cell Renal Cell Carcinoma Cell Lines 

Xuechun Wang
Department of Biological Science

Advisor: Dr. Xin Lu
Coauthors: Jin Hu, Yihao Fang, Shan Feng, Xin Lu 

Abstract: Inactivation of von Hippel-Lindau (VHL) is critical to clear cell renal cell 
carcinoma (ccRCC) and VHL syndrome. VHL loss leads to stabilization of hypoxia-
inducible factor α (HIFα) and other substrate proteins, which together drive various 
tumor-promoting pathways. There is inadequate molecular characterization of VHL 
restoration in VHL-defective ccRCC cells. The identities of HIF-independent VHL 
substrates remain elusive. We reinstalled VHL expression in 786-O and performed 
transcriptome, proteome and ubiquitome profiling to assess the molecular impact. The 
transcriptome and proteome analysis revealed that VHL restoration caused 
downregulation of hypoxia signaling, glycolysis, E2F targets and mTORC1 signaling, 
and upregulation of fatty acid metabolism. Proteome and ubiquitome co-analysis 
together with the ccRCC CPTAC data enlisted 57 proteins that were ubiquitinated and 
downregulated by VHL restoration and upregulated in human ccRCC. Among them, 
we confirmed the reduction of TGFBI (ubiquitinated at K676) and NFKB2 
(ubiquitinated at K72 and K741) by VHL re-expression in 786-O. Immunoprecipitation 
assay showed the physical interaction between VHL and NFKB2. K72 of NFKB2 
affected NFKB2 stability in a VHL-dependent manner. Taken together, our study 
generates a comprehensive molecular catalog of VHL-restored 786-O model and 
provides a list of putative VHL-dependent ubiquitination substrates including TGFBI 
and NFKB2 for future investigation.



Exploring High Thermal Conductivity Polymer Blends via Data-driven Approach 

Jiaxin Xu 

Department of Aerospace and Mechanical Engineering 

Advisor: Tengfei Luo 

Coauthors: Hanfeng Zhang 

Polymers are ubiquitous and massively produced nowadays. With the massive expansion of 

machine learning (ML) and data-driven techniques, polymer informatics is one of the domains that 

has drawn attention in efficiently developing and designing desired polymers. Polymer blend is a 

subtype of polymer that combines two or more polymers, and it has been long considered a cost-

effective and simple solution to improve or customize material properties and functionality, 

compared with designing a novel polymer material from scratch. However, so far, much of the 

focus on polymer informatics has been restricted to homopolymers, leaving the chemical space of 

polymer blends largely unexplored. In this work, a high-throughput molecular dynamics (MD) 

simulation pipeline is combined with ML algorithms to discover polymer blends with a higher 

thermal conductivity than the individual component polymers. Based on the existing PolyInfo 

database, the thermal conductivity of ~600 semi-randomly selected amorphous homopolymers is 

first calculated using MD simulations. ~200 amorphous polymer blends with varying blending 

ratios (1:5, 1:1, and 5:1) are then randomly selected from this homopolymer dataset to calculate 

their thermal conductivity. The two datasets are then combined and employed to train an ML 

regression model to find the best representation method for polymer blends. To our knowledge, 

this is for the first time such an effort is done, which is based on the modification of the well-

established descriptors for homopolymers. Moreover, a classification model is trained using an 

active learning framework on the combined dataset to further screen a much larger polymer blends 

database, ~550K, generated from all the possible combinations of 2 different polymers in the 

homopolymer dataset with 3 different blending ratios, providing important guidance on the 

discovery of polymer blends with MD-computed thermal conductivity higher than the individual 

component homopolymers. In conclusion, the results and strategies from this work can be useful 

for extending the chemical space of current polymer informatics research to polymer blends and 

may contribute to the automated design of high-performance polymer blends. 



Physics-informed Neural Networks for Solving Multiscale Time-dependent
Phonon Boltzmann Transport Equation

Jiahang Zhou
Department of Aerospace and Mechanical Engineering

Advisor: Prof. Tengfei Luo
Coauthors: Ruiyang Li, Tengfei Luo

The phonon Boltzmann transport equation (BTE) is a vital tool for modeling multiscale phonon
transport, and it has been proven to be capable of precisely solving heat conduction problems in
sub-micron geometries. Compared to Fourier’s law, phonon BTE can overcome the shortcoming
of not being able to capture ballistic-diffusive heat conduction when the characteristic lengths are
comparable to the phonon mean free path. However, numerically solving phonon BTE is
extremely computationally costly due to its high dimensionality, especially when phonon
dispersion and time evolution are considered. In this work, physis-informed neural networks
(PINNs) are successfully applied to approximate both stationary and transient phonon BTE
solutions, exhibiting superior efficiency and accuracy. In particular, a PINN framework
composed of two sub-DNNs is devised to predict phonon energy distribution by minimizing the
residuals of governing equations, boundary conditions, and initial conditions without the need for
any labeled training data. With phonon energy distribution predicted by the PINN, temperature
distribution and heat flux can be obtained both in the spatial and time domains. In addition,
geometric parameters, such as characteristic length scale, are also considered part of the input to
PINN, allowing a trained model to quickly evaluate thermal transport of structures with different
geometries. With high efficiency and accuracy, the PINN technique shows great promise for
practical applications, such as thermal design and thermal management of microelectronic
devices.
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