
Summer Undergraduate Research Experiences (SURE) 2024 Project Descriptions 
 
Biology 
 
The Center for Genomic Advocacy (Drs. Shaad Ahmad, Kyu Hong Cho, Rusty Gonser, Aaron 
Gooley, Kris Schwab, and Michael Thompson)  
 
The Center for Genomic Advocacy (TCGA) offers a number of diverse research 
opportunities.  The environment is collaborative with many faculty members working 
together.  Students will first meet with Dr. Gonser, TCGA director 
(rusty.gonser@indstate.edu), to discuss the TCGA SURE program and their interests and 
goals in order to match students and faculty mentors.  This method has produced a number 
of collaborative efforts through the years.  TCGA usually takes anywhere from 4-12 
students, depending on funding availability. 
 
Some of the TCGA projects are listed below: 
 
Dr. Ahmad’s lab group is working to understand the roles of Forkhead/Fox transcription 
factors in heart development and disease. While at least eight Fox domain transcription 
factors are required for proper cardiac development in mammals, and mutations in four 
Fox genes have been linked to human congenital heart defects, relatively little is known 
about the molecular mechanisms or the downstream targets by which these Fox-mediated 
developmental functions are brought about. The Ahmad Lab previously found and analyzed 
the Drosophila orthologs of Fox genes responsible for proper heart development and has 
now identified more than 2000 target genes regulated by the Drosophila Fox genes. SURE 
students will attempt to identify the target genes used for heart development by disrupting 
the individual target genes with mutations. The Ahmad Lab has also identified Zinc finger 
transcription factor proteins critical for heart development in both humans 
and Drosophila. SURE students will also attempt to pinpoint the specific cardiogenic 
processes mediated by these Zinc finger transcription factors. 
 
Dr. Cho’s laboratory group studies the pathogenic mechanisms of the human bacterial 
pathogen, Streptococcus pyogenes. The SURE students joining the lab will be involved in 
investigating how the production of virulence factors such as toxins, capsules, and adhesins 
are regulated by environmental factors.  Second messenger nucleotides play vital roles in the 
signal transduction pathways that convert external or internal signals into cellular activities. 
Cyclic di-adenosine monophosphate (c-di-AMP) is a recently discovered one involved in cell 
growth, survival, and virulence of many bacterial pathogens. Dysregulation of c-di-AMP 
balance reduces pathogens' survival inside their hosts, indicating that c-di-AMP signaling 
pathways could be the target for the development of antibacterial agents. A research goal in 
the Cho lab is to understand the detailed mechanism of c-di-AMP signaling and regulation 
using Streptococcus pyogenes as a model pathogen. S. pyogenes is a Gram-positive bacterial 
pathogen that causes various non-invasive and invasive diseases such as strep throat, 



impetigo, rheumatic heart disease, necrotizing fasciitis, and so on. A minimum global burden 
by S. pyogenes infection is estimated over 18 million cases of severe diseases, resulting in 
over half a million annual deaths. Despite the dire consequences of this pathogen, 
commercial vaccines are not yet available. Our published studies indicate that c-di-AMP in S. 
pyogenes is required to properly respond to environmental stressors and to exert virulence. 
 
The Gonser lab group investigates genetic and behavioral and evolutionary forces that 
affect populations.  The white-tailed deer project utilized DNA extractions and PCR of 
microsatellite markers to investigate how annual harvests affect genetic diversity of an 
putative isolated population in Southern Maryland.  The other project involves the 
polymorphic white-throated sparrow.  These ground nesting birds come in two plumage 
morphs that are determined by their genotype.  Furthermore, the different morphs have 
distinguishable behavior and reproductive strategies.  Therefore white-throated sparrows 
are one of the few species where we can link behavior to genotype.  We utilize many 
research techniques to investigate why the polymorphism is maintained in the species. 
  
The Schwab lab group investigates genetic regulation of mammalian cardiomyocyte 
differentiation.  The development of the mammalian heart requires the step-wise activation 
of a complex gene regulatory network to specify and differentiate the cardiomyocyte, or 
heart muscle cell, populations that will generate the contraction force to propel blood 
through the embryonic, and later, the adult cardiovascular system.  Perturbations of this 
gene regulatory network can cause the developmental malformations in the cardiovascular 
system that can vary from mild to severe defects.  My laboratory is interested in identifying 
and describing the function of novel cardiac genes that regulate cardiomyocyte 
differentiation by using 1) high-throughput gene expression data and bioinformatic 
analyses to investigate cardiac gene expression changes during differentiation, 2) an in 
vitro experimental system that differentiates human pluripotent stem cells (hPSCs) into 
cardiomyocytes to assess gene function, and/or 3) Drosophila melanogaster as model 
system to study heart development.    SURE students will utilize a combination of 
bioinformatic and molecular biology tools to analyze gene function during cardiogenesis.  
 
The Thompson lab studies the biochemical regulation of inflammation. These studies use a 
combination of enzyme kinetic analysis, structure/function analysis, and protein-protein 
interaction techniques to analyze the interaction and regulation of proteins that are 
involved in regulating the process and mitigating the effects of innate immune responses 
on normal body cells and tissues. Students joining the lab would be involved in one or more 
of the following projects: (1) examining the response of several intracellular and 
extracellular zinc-containing proteases to reactive oxygen-nitrogen species produced 
during inflammation, (2) determining the effects of protein tyrosine nitration on the 
enzymatic activity of leukotriene A4 hydrolase and its role in regulating neutrophil 
chemotaxis, (3) examining the zinc and iron ion affinity of lactoferrin in the presence and 
absence of reactive oxygen-nitrogen species, and (4) establishing protein expression and 



mutagenesis systems to study the biochemical properties and activation kinetics of pro-
MMP-2 and its interactions with other metal-binding proteins. 
 
Dr. Takuya Akiyama (takuya.akiyama@indstate.edu) 
The Akiyama lab investigates molecular and cellular mechanisms underlying age-related 
diseases like cancer. Through the SURE program, undergraduate researchers can learn 
basic concepts and experimental techniques in genetics, cell and molecular biology, and 
imaging. 
 
Mutations spontaneously occur in organisms due to the inherent instability of the genome. 
Germline mutations are passed on to offspring and exist in every cell in the progeny. In 
contrast, somatic mutations alter only the genetic information of a subset of individual cells 
in an organism, generating genetic heterogeneity within tissue called somatic mosaicism. 
Due to DNA replication errors during cell division or exposure to mutagens, we accumulate 
somatic mutations throughout life. Acquiring deleterious somatic mutations within single 
cells is the first step in many age-related diseases. Initially, a lone mutant cell may have a 
negligible effect, and pathogenesis begins as the mutant cell clonally expands and becomes 
more prevalent in a tissue. Despite the critical importance of somatic mutagenesis for 
understanding disease progression, we still have limited knowledge of its underlying 
molecular and cellular principles. One of the vital forces at play during clonal expansion of 
mutant cells is fitness-based selection. Like natural selection during organismal evolution, 
selective forces within tissues are likely to play critical roles in shaping mutant cell 
trajectories, thus controlling the timing of disease onset. To investigate how mutant cells 
propagate within living tissues and ultimately disrupt their function, my research group 
will use the fruit fly Drosophila melanogaster and leverage molecular and cell biology, 
genetic, imaging, and multi-omics approaches. 
 
Dr. Aaron Gooley (aaron.gooley@indstate.edu) 
In the Wildlife Ecology & Ecotoxicology Laboratory we use both field investigations and 
laboratory work to 1) identify and investigate novel ecological questions, 2) develop and 
test new methods for the conservation of imperiled species, and 3) investigate the impacts 
environmental stressors on pollinators and other wildlife.  Potential topics for SURE 
participants include investigating a) the impacts of pesticides on pollinators and other 
wildlife, b) turtle ecology and research techniques, and c) the biology and ecology of 
wildlife around Terre Haute. 
 
Chemistry 
 
Dr. Rick Fitch (richard.fitch@indstate.edu) 
Project 1:  Analysis of Bioactive Alkaloids in Poison Frogs.  Certain tropical frogs are 
brightly colored and contain toxic substances, generally alkaloids.  We are interested in 
what alkaloids are present and in what amounts.  We have collaborations with two ecology 
groups looking at frogs in South America and Madagascar.  We use Gas Chromatography-



Mass Spectrometry and Liquid Chromatography-Mass Spectrometry to identify and 
quantify these alkaloids.  Participants will learn chromatography-mass spectrometry 
methods, small and large-scale data analysis and automated identification techniques. 
 
Project 2:  Synthesis of Poison Frog Alkaloid Standards.  Many poison frog alkaloids are not 
commercially available and we are synthesizing amines similar to these alkaloids to use for 
quantitation and identification of natural compounds.  This involves conducting microscale 
to prepare a large number (~100-200) analogs for use in quantitative analysis.  
Participants will learn organic synthesis, purification and identification techniques 
including chromatography, mass spectrometry and NMR spectroscopy. 
 
Project 3: Mass Spectrometry Imaging of Chemical Compounds in Biological Tissues.  A 
picture is worth a thousand words.  The knowledge of the precise location of biologically 
relevant molecules is of immense importance in biology and medicine.  We are interested 
in imaging biological small molecules in relevant tissues.  These include natural products in 
plants and animals, particularly chemical defenses; neurotransmitters in tissues such as the 
brain, and dosed drugs to determine distribution and metabolism. Participants will learn 
mass spectrometry image production and tissue cryosectioning methods. 
 
Dr. Eric Glendening (eric.glendening@indstate.edu) 
We use computational chemistry methods to explore the structure (geometry) of molecules 
and to map reaction pathways as reactants are converted to products.  Significant advances 
in resonance theory over the past three years allow us to understand complex systems 
using concepts that students learn in freshman and sophomore-level chemistry.  I seek one 
or two students to work full-time on the project.  Students should have completed CHEM 
106 or higher at ISU. 
 
Dr. Justin Miller (justin.miller@indstate.edu) 
Project 1: Designing a Biocatalyst for Direct C-H Amination.  
The ability of the cytochrome P450 enzyme family to selectively activate inert C-H bonds 
has opened many avenues in biocatalysis. Recent work has demonstrated that these 
enzymes can be coaxed from their native hydroxylation reactivity into performing direct 
aminations. Using a rational-design based approach, we will tinker with the active site of 
the model P450 CYP101A1 to discern the changes necessary to yield a competent C-H 
amination catalyst. A collaborative team of students will learn a variety of skills related to 
bioinorganic chemistry—cloning, site-directed mutagenesis, heterologous protein 
expression, protein purification, anaerobic protein assays, UV-Visible spectroscopy, 
computer modeling of protein structure, and conducting in vitro assays with gas 
chromatography and liquid chromatography assessment. 

Project 2: What is CYP168A1 doing for Pseudomonas aeruginosa? 



The spread of antibiotic resistance among bacteria is a growing international threat to 
public health. Several bacterial P450s have been implicated in disease states from 
pathogens such as Mycobacterium tuberculosis and Pseudomonas aeruginosa, but whether 
they are viable targets for new antibiotics depends on what roles they perform in the 
bacteria. This project focuses on  establishing the functions CYP168A1 performs for P. 
aeruginosa. This summer’s goals include cloning, expressing, and purifying this CYP’s 
partner proteins; developing GC-MS and LC-MS methods to detect the modifications it 
makes to fatty acid substrates; creating robust binding assays to detect other potential 
substrates; and advancing computational models to design inhibitor molecules. 
 
Dr. Rob Noll (robert.noll@indstate.edu) 
We are interested in electrochemical cells which can convert thermal energy (heat) into 
electricity, without the need for external recharging. Such cells can produce electricity 
using natural variations in temperature, such as heat from the sun during the daytime and 
the cool of night. In preliminary theoretical work, we have identified 30 promising half-cell 
combinations based on aqueous systems. This summer, we will build upon work performed 
by previous research students to find  demonstration cells. I seek one or  two students to 
work full time or half-time on this project, although full-time is preferred. Students should 
have completed CHEM 106/L. 
 
Earth and Environmental Systems 
 
Dr. Jen Latimer (jen.latimer@indstate.edu) 
In the Biogeochemistry Lab, we study how metals and nutrients cycle through the 
environment. We use samples collected locally (water, soil, sediment) as well as samples 
collected from across the planet from areas such as the Indian and south Pacific Oceans, 
Antarctica, and Africa. Projects may focus on modern day pollution and environmental 
change or past climate change across the ice ages or during the Cretaceous greenhouse 
world. Students should be comfortable handling chemicals and completion of CHEM105 is a 
plus but not required. 
 
Dr. Jeffery Stone (jeffery.stone@indstate.edu) 
Students who engage in summer research in the Paleolimnology lab study modern lake and 
river systems or microfossil remains from lake sediments.  Student projects can include 
analysis of modern or fossil diatoms, potentially including either paleoecology, 
paleoclimate, or taxonomy.  Research usually involves some combination of field work, 
laboratory work (particularly on the light microscope), and some time and training using 
the Scanning Electron Microscope.  Student projects can include materials from lakes 
around the world (US, Africa, South America, the Himalayas, etc.). 
 
Dr. Jim Speer (jim.speer@indstate.edu) 
In the Biogeography and Dendrochronology Laboratory, we work on a variety of projects 
related to the use of tree rings to date environmental variables and also look at soil 



microorganisms as a measure of soil health. We have many tree-ring research projects that 
a student could choose from. We also have an ongoing project to examine soils in the Otter 
Creek Watershed related to our IDEM 319 grant to improve agricultural best management 
practices. This work involves students collecting soils from the field, extracting 
microorganisms (mites and spring tails) under dissecting microscopes, and imaging them 
on the Scanning Electron Microscope. 
 
Dr. Chad Yost (chad.yost@indstate.edu; chadyost.weebly.com)  
In the Paleoecology and Micro-Archaeobotany Laboratory, we use plant microfossils in the 
form of opal silica phytoliths, starch granules, and calcium oxalate crystals to reconstruct 
past climates and environments from soils and lake sediments. We also extract these same 
microfossils from archaeological contexts such as pottery, tools, and feature fill to identify 
plants that people used in the past for subsistence and utilitarian purposes. Depending on 
our current projects, students may learn how to extract microfossils from lake sediments, 
soils from archaeological sites, artifacts, or modern plant material. This is primarily 
laboratory research working with various chemicals and instrumentation, including light 
microscopes and the scanning electron microscope (SEM). For the summer of 2024 and 
beyond, the lab has an ongoing project to extract phytoliths from trees native to Indiana 
and the surrounding region to improve our understanding of phytolith production in these 
species and to build a modern reference collection of regional tree phytoliths.      
 
Mathematics and Computer Science 
 
Dr. Vin Isaia (vin.isaia@indstate.edu) 
For either project, a half-time student would need some background in programming 
(although not necessarily with neural networks) along with some differential equation 
background (e.g. MATH 327, 333 or 433).  No differential equation background or no 
programming would require full time status (and the rudiments of DEs or programming 
would have to be learned in the first week).  
 
Project 1: Neural networks have had their universal function approximator status applied 
in the realm of solutions to differential equations (partial/ordinary/functional).   
Invariably, additional mathematical and /or physical support is necessary (e.g. PINNs or 
`physics-informed’ neural networks, the use of symmetry or including Fourier transform in 
the mix).  There are a few different problems that can be considered for the project, but the 
essential gist is to approximate a PDE and its initial/boundary data via standard methods 
and use that result to train a network, noting what occurs as various approximation 
parameters (from the standard method) and training parameters (from the network) are 
varied.  The main goal is to look at the effect of data on the training process and/or network 
architecture in conjunction with the extra features that are brought in (e.g. using 
symmetry). 
 



Project 2:  Functional differential equations come in a wide variety, in particular DDEs 
(delay differential equations) contain terms involving the unknown function, but evaluated 
at earlier times than the current time, i.e. Δ(t)≤t.  While sharing a similarity with ODEs, they 
can behave in vastly different ways.  In particular, attempts to approximate solutions 
usually involve a decision-making process.  A recent method has been extended to the 
multiple state dependent delay case Δ1(t,u(t)), Δ2(t,u(t)), etc. and the implementation 
requires some sophisticated planning to handle the data retrieval in a programmable 
fashion.  The goal is to enact a numerical study of the method. 
 
Dr. Winnie Ko (winnie.ko@indstate.edu) 
My first area of research focuses on engaging undergraduate mathematics and 
mathematics education majors in learning proof that more closely resembles the practice 
of mathematicians. My colleagues at other institutions and I have designed and 
implemented a series of activities where undergraduate mathematics majors constructed 
arguments, evaluated others’ arguments, used their evaluations to develop a list of proof-
writing criteria, and self-evaluated and revised their arguments based on the class-
developed criteria. I have been extending this research project aimed at investigating how 
using a communal method of instruction can influence undergraduate mathematics and 
mathematics education majors’ understandings of what constitutes proof, their capabilities 
in constructing and critiquing viable arguments, and their instructional practices related to 
reasoning-and-proving activities.  
 
Empowering middle school students’ learning of algebra and geometry using origami-
mathematics activities is my second area of research. Recently I was the Principal 
Investigator for the project entitled Building Love for Algebra and Geometry funded by the 
Indiana Department of Education’s Student Learning Recovery Grant. My project’s learning 
resources built on my previously created folding-and-cutting activities focusing on 
mathematics standards for grades 6, 7, or 8 in the area of number sense (e.g., identifying 
irrational numbers), computation (e.g., finding the ratios of areas), algebra and functions 
(e.g., representing one quantity with an equation), and geometry and measurement (e.g., 
applying the Pythagorean Theorem). 
 
Finally, my third area of research focuses on how U.S. pre-service secondary mathematics 
teachers are prepared for their future teaching across a variety of institutions. My 
undergraduate students and I have collected data from our developed Qualtrics survey, and 
my research collaborators are currently in the process of proposing data-generated codes. 
 
Dr. David Sprunger (david.sprunger@indstate.edu) 
Gradient descent in differential categories:  Students in this project will study the 
performance of a variety of gradient descent-based training algorithms in machine 
learning.  These algorithms are causal functions of sequences, and their derivatives can be 
captured via recent results in differential categories.  Using these derivatives, we will 
investigate improvements to existent training methods and / or extensions to well-founded 



functions on trees, graphs, or other combinatorial structures.  Multivariable calculus 
(MATH 231 or equivalent) is required, some linear algebra (MATH 313 or equivalent) 
would be useful. 
 
Physics 
 
Dr. Guoping Zhang (guoping.zhang@indstate.edu) 
Project 1:  Computer simulation of the interaction between amyloid beta plaques in 
Alzheimer diseases  and olecanthal.  The student is expected to use the computer program, 
Gromacs to carry out a massive simulation to understand the interaction  between amyloid 
beta plaques in Alzheimer diseases  and olecanthal (from olive oil). 
 
Project 2: All-optical spin switching (AOS).  This project targets a growing frontier for the 
magnetic storage devices, where a single laser pulse, without assistance of a magnetic field, 
can switch the magnetization from one direction to another within 1 picosecond, 10–12 
seconds, at least three orders of magnitude faster than the existing computing technology.  
Nine types of materials are discovered so far: GdFeCo, GdTbCo, TbFeCo, GdCo, GdFe, TbCo, 
DyCo, TbFe and Mn2RuGa. The student will investigate new materials and understand the 
working principles of AOS. 
 
Project 3: High harmonic generation and attosecond physics in solids. 
High harmonic generation in solids becomes a focus of new light source for the future at 
the interface between material science and laser technology. Attosecond physics received 
Nobel Prize in physics in 2023.  Students will use some exotic materials to generate strong 
harmonic radiation. 
 
IU School of Medicine—Terre Haute 
 
Dr. Scott Canfield (sccanfie@iu.edu)  
Dr. Canfield’s lab focuses on modeling the blood-brain barrier (BBB) utilizing human 
induced pluripotent stem cells (iPSCs).  We have recently obtained Alzheimer’s disease 
(AD)-derived iPSCs to model the AD BBB.  Specifically, we are interested in investigating 
the effects of anesthetics on the AD-derived BBB.  AD patients have been shown to be at an 
elevated risk of post-operative delirium following anesthesia treatment.  Our working 
hypothesis is that anesthetic exposure is detrimental to critical barrier properties 
contributing to post-operative delirium in AD patients.  A SURE student will be responsible 
in measuring barrier properties in AD-derived BBB models following exposure to varying 
anesthetic treatments. 
 
Dr. Américo López-Yglesias (alopezyg@iu.edu) 
The López-Yglesias Lab’s research is focused on identifying mechanisms of the host innate 
immune system that are specifically targeted to the protozoan parasite and the causative 
agent of toxoplasmosis, Toxoplasma gondii. It is currently estimated that a third of human 



population has been infected with T. gondii. Parasite infection results in persistent cysts 
that develop in the skeletal muscle, cardiac tissue, and the brain. Regrettably, T. gondii can 
lead to serious complications including retinochoroiditis, cardiovascular disease, 
congenital toxoplasmosis of the fetus, and death among immunocompromised individuals. 
Additionally, recent studies have shown evidence between patients with latent T. gondii 
infections and increased deterioration of cognitive function. Unfortunately, current 
treatment regimens are not specific for T. gondii and are unable to eliminate the latent 
stage of the parasite. A long-term goal of the lab is to Identify unique anti-parasitic 
functions of the host immune system that are precisely geared toward T. gondii that can 
facilitate the development of new medicines with enhanced efficacy. 
https://lopezyglesiaslab.wixsite.com/2020 
 
Dr. Steven Templeton (sptemple@iupui.edu) 
Dr. Templeton’s lab focuses on learning about infection with and immune responses to the 
opportunistic fungal pathogen Aspergillus fumigatus. We have recently begun a 
collaboration with a laboratory at IUSM-Indy, investigating the effects of an antimicrobial 
electroceutical wound dressing on the growth and survival of filamentous fungi. This 
project will help to further determine the ability of this experimental material to prevent 
wound infections with fungal pathogens. A SURE student will work with members of my 
lab to grow different strains of fungi in the presence or absence of the appropriate dressing, 
using different techniques to assess the effect on growth and survival. 
 

https://lopezyglesiaslab.wixsite.com/2020

