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Symposium Agenda 
 

Friday, October 21, 2022 – Oread Hotel, Griffith Ballroom 

4:00 PM 4:30 PM Welcome session - Drinks, snack, and get name tags 

4:30 PM 4:35 PM General Greeting and Presentation of 2022 Chemical Biology 
Certificates – Timothy Jackson 

Graduate Training in Chemical Biology Trainees 
Lightning Talks and Presentations 

Session Chair: Esther Holt 

4:35 PM 4:55 PM Matt Zupan - Former Trainee, Chemistry  
Dr. Meredith Hartley, Mentor 

4:55 PM 5:10 PM Jacob Kroh - Trainee, Molecular Biosciences 
Dr. Roberto De Guzman, Mentor 

5:10 PM 5:25 PM Eric Ebert - Trainee, Pharmaceutical Chemistry  
Dr. Teruna Siahaan, Mentor 

5:25 PM 5:40 PM Lexie Cutter - Trainee, Molecular Biosciences 
Dr. Scott Hefty, Mentor 

5:40 PM 6:00 PM Samuel Gary - Former Trainee, Medicinal Chemistry  
Dr. Steven Bloom, Mentor 

6:00 PM 7:00 PM 
 

Dinner Buffet  
 

Keynote Address 

7:00 PM  
Nozomi Ando (Department of Chemistry & Chemical Biology, 

Cornell University) 
 “Evolution of an Ancient Allosteric Enzyme” 



Saturday, October 22nd – School of Pharmacy  

8:00 AM 8:45 AM Morning Social session – SOP Atrium 
Coffee, Juice, & Muffins 

Session I - 2020 SOP 
Session Chair: Esther Holt 

8:50 AM 9:00 AM Welcome and opening comments 

9:00 AM 9:20 AM 
Rebecca Whelan (Associate Professor, KU – Chemistry) 

“New Insights on an Ovarian Cancer Biomarker Enabled by 
Bioanalytical Chemistry...and the Questions that Remain” 

9:20 AM 9:40 AM 

Shyam Sathyamoorthi (Assistant Professor, KU –  
Medicinal Chemistry) 

“Tethered Alkene Functionalization Technology for Complex 
Molecule Assembly” 

9:40 AM 10:00 AM Anthony Fehr (Assistant Professor, KU – Molecular Biosciences) 
“The Discovery of Novel SARS-CoV-2 Macrodomain Inhibitors” 

10:00 AM 10:20 AM 
Steven Bloom (Assistant Professor, KU – Medicinal Chemistry) 

“Anti-Packaging Peptides (APPs) as New Antiretroviral Drugs for 
HIV-1” 

10:20 AM 10:30 AM Break 

Special Session 
Introduction by Jacob Kroh 

10:30 AM 11:30 AM 

Jimmy Ballard (Professor, Department of Microbiology and 
Immunology & Director, Oklahoma Center for Microbial 

Pathogenesis and Immunity, CoBRE,  
University of Oklahoma Health Sciences Center). 

    “Suppressing Toxin Receptor Expression During C. difficile Infection” 

12:00 PM 1:00 PM Lunch - First Floor Dining Area 
(Mortar & Pestle Cafe) 

Session II - 2020 SOP 
Session Chair: Jacob Kroh 

1:00 PM 1:20 PM 

Justin Hutchison (Assistant Professor, KU – Civil, Environmental & 
Architectural Engineering) 

“Induced Thermal Stability of Phage Protein GP6 via Interactions 
with Mycobacterium smegmatis” 



1:20 PM 1:40 PM 

Teruna Siahaan (Aya and Takeru Higuchi Distinguished Professor, 
KU – Pharmaceutical Chemistry) 

“Searching for Mpro Enzyme Inhibitors using Immobilized Peptide and 
Peptidomimetic Libraries” 

1:40 PM 2:00 PM 
Saswati Biswas (Research Assistant Professor, KUMC – 

Microbiology, Molecular Genetics and Immunology) 
“A Strategy for Rapid Screening of Lantibiotics” 

2:00 PM 2:15 PM Break 

Session III - 2020 SOP 
Session Chair: Matthew Russolillo 

2:15 PM 2:35 PM 

Scott Lovell (Director, KU Protein Structure & X-Ray 
Crystallography Laboratory) 

“Gene to Structure: Utilizing X-Ray Crystallography to Support 
Chemical Biology” 

2:35 PM 2:55 PM 

David Johnson (Director, KU CBID Computational Chemical 
Biology & Molecular Graphics and Modeling Core Facilities) 

“Structure Prediction of Protein Monomers and 
Complexes Using Alphafold” 

2:55 PM 3:15 PM 
Sahida Afroz (KU – Department of Molecular Biosciences) 

“Overexpression of the Small GTPase Rab27B Promotes Tumor 
Growth by Regulating Autophagy Flux in Colorectal Cancer” 

3:30 PM 5:00 PM Poster Session (Snacks and Drinks) – SOP Atrium 

5:00 PM  Poster and Flash Talk Award Ceremony, 2020 SOP 

6:00 PM  Invited Dinner, Merchant’s Pub & Plate 
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Nozomi Ando, Ph.D. 

Associate Professor  
Department of Chemistry and Chemical Biology 
Cornell University  
Ithaca, NY 
 
 
Abstract 

“Evolution of an Ancient Allosteric Enzyme” 

Ribonucleotide reductases (RNRs) are used by all free-living organisms and many viruses 
to catalyze an essential step in the de novo biosynthesis of DNA precursors. Although this 
enzyme family has been diversifying for billions of years, they share a conserved radical-
based mechanism for nucleotide reduction that is housed in a conserved structural fold. In 
this talk, I will discuss the evolution of this RNR family, which we propose based on large-
scale phylogenetic inference and other bioinformatic analyses. Using structural information 
from small-angle X-ray scattering (SAXS), crystallography, cryo-electron microscopy 
(cryo-EM), and structure prediction by AlphaFold, I will describe the loss and gain of 
allosteric mechanisms as well as the discovery of a new phylogenetically distinct clade with 
implications on how molecular adaptations to increasing oxygen levels may have appeared 
on the planet. 

Bio-Summary 

Dr. Ando received her BS from MIT where she was a physics major and music performance 
minor. She was drawn to the spaceship-like feel of the Cornell High Energy Synchrotron 
Source (CHESS) and went to Cornell University for her PhD in physics. As a graduate 
student in Sol Gruner’s lab, she made her own diamond cells for high-pressure X-ray 
scattering studies. She then went on to work as a postdoctoral fellow in Cathy Drennan’s 
lab at MIT, where she developed a fascination with metalloenzymes. In 2014, she was 
appointed Assistant Professor of Chemistry at Princeton University and started a research 
program that combines X-ray physics and structural enzymology. In 2018, the Ando lab 
moved to Cornell University when she joined the faculty in Chemistry & Chemical 



Biology. Her research employs a combination of biophysical and biochemical techniques 
to study enzymes in action, and her lab has established X-ray scattering approaches to 
understand conformation disorder. Dr. Ando has received an NIH MIRA award, an NSF 
CAREER award, and won an Early Career Award from the American Crystallographic 
Association. 
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Rebecca Whelan, Ph.D. 

Associate Professor  
Department of Chemistry 
University of Kansas 
Lawrence, KS 
 
 
Abstract 

“New Insights on an Ovarian Cancer Biomarker Enabled by Bioanalytical 
Chemistry...and the Questions that Remain” 

Despite its essential role in the clinical management of ovarian cancer, the CA125 
biomarker—located on the mucin protein MUC16—is still not completely understood. 
Questions remain about MUC16’s function and structure, and the identity and location of 
the CA125 epitopes remain undefined. The first part of this talk will report on our most 
recent efforts to map the epitopes of CA125. Using E. coli expression, we isolated nine 
repeats from the putative antigenic domain of CA125. Amino acid composition of 
recombinant repeats was confirmed by high-resolution mass spectrometry. We 
characterized the binding of four antibodies—OC125, M11, “OC125-like,” and “M11-
like”—to nine recombinant repeats using Western blotting, indirect ELISA, and localized 
surface plasmon resonance (SPR) spectroscopy. Each recombinant repeat was recognized 
by a different combination of CA125 antibodies. OC125 and “OC125-like” antibodies did 
not bind the same set of recombinant repeats, nor did M11 and “M11-like” antibodies. 
Characterization of the interactions between MUC16 recombinant repeats and CA125 
antibodies will contribute to ongoing efforts to identify the CA125 epitopes and improve 
our understanding of this important biomarker. In the second part of the talk, we report a 
revised model of the tandem repeat region of CA125 (MUC16) based on third-generation 
DNA sequencing. Samples of mRNA were isolated from three cancer cell lines (Kuramochi, 
OVCAR-3, and OVCAR-5), reverse transcribed and amplified with primers flanking the 
putative tandem repeat domain of CA125 (MUC16). The ~10 kilobase pair product was 
sequenced on an Oxford Nanopore platform and the derived sequence was aligned to the 
full-length sequence. An immunologically active region comprising only 19 tandem repeats 



was sequenced from three cell lines and three primary ovarian tumors from patients with 
high-grade serous ovarian cancer. Shorter cDNA transcripts, coding for versions of CA125 
(MUC16) with fewer than 19 tandem repeats, were also detected in the patient samples and 
may result from alternative splicing. Observations from bottom-up proteomics experiments 
are consistent with the revised model. A more accurate model of MUC16 is a significant 
advance in the molecular-level understanding of this informative ovarian cancer biomarker. 



 

Shyam Sathyamoorthi, Ph.D. 

Assistant Professor  
Department of Medicinal Chemistry 
University of Kansas 
Lawrence, KS 
 
 
Abstract 

“Tethered Alkene Functionalization Technology for Complex Molecule Assembly” 

"Advances in tethered olefin functionalization technology will greatly aid in the precise 
installation of alcohols and amines and in the efficient construction of stereochemical 
arrays. In such reactions, a nucleophilic auxiliary (“the tether”) is appended to ubiquitous 
functional groups, usually alcohols or amines, followed by a cyclization event. Because of 
geometric constraints on the transition states of intramolecular reactions, such cyclizations 
generally proceed with predictable regioselectivity and high diastereocontrol. In this 
presentation, I will describe my laboratory’s development of several classes of tethered 
olefin functionalization reactions and their applications to complex antibiotic synthesis. 



 
Anthony Fehr, Ph.D. 

Assistant Professor  
Department of Molecular Biosciences 
University of Kansas 
Lawrence, KS 

 

Abstract 

The Discovery of Novel SARS-CoV-2 Macrodomain Inhibitors 
The emergence of several zoonotic viruses in the last twenty years, especially the pandemic 
outbreak of SARS-CoV-2, has exposed a dearth of antiviral drug therapies for viruses with 
pandemic potential. Developing a diverse drug portfolio will be critical to rapidly respond 
to novel coronaviruses (CoVs) and other viruses with pandemic potential. Here we focus 
on the SARS-CoV-2 conserved macrodomain (Mac1), a small domain of non-structural 
protein 3 (nsp3). Mac1 is an ADP-ribosylhydrolase that cleaves mono-ADP-ribose (MAR) 
from target proteins, protects the virus from the anti-viral effects of host ADP-
ribosyltransferases, and is critical for the replication and pathogenesis of CoVs. In this 
study, a luminescent-based high-throughput assay was used to screen ~38,000 small 
molecules for those that could inhibit Mac1-ADP-ribose binding. We identified 5 
compounds amongst 3 chemotypes that inhibit SARS-CoV-2 Mac1-ADP-ribose binding 
in multiple assays with IC50 values less than 100 𝜇𝜇M, inhibit ADP-ribosylhydrolase 
activity, and have evidence of direct Mac1 binding. Furthermore, structure-activity study 
identified 2 additional compounds that hit the same benchmarks, including compound 15c, 
which had low micromolar potency and bound to Mac1 as well as its natural substrate, 
ADP-ribose. These chemotypes are strong candidates for further derivatization into highly 
effective Mac1 inhibitors. 
 



 

 

 

 

 

 

 
Steven Bloom, Ph.D. 
Assistant Professor 
Department of Medicinal Chemistry 
University of Kansas 
Lawrence, KS 
 
Abstract 

Anti-Packaging Peptides (APPs) as New Antiretroviral Drugs for HIV-1 
 
The Human Immunodeficiency Virus 1 (HIV-1), the causative agent of AIDS, is a 
widespread and deadly virus affecting millions of people worldwide. The virus infects and 
depletes the body of healthy T-lymphocytes, crippling the immune system, and leaving the 
body defenseless against opportunistic infections. Enormous effort has been made to 
develop anti-HIV drugs, but the propensity for HIV-1 to adopt resistance conferring 
mutations continually limits their efficacy. One way to avoid HIV-drug resistance would 
be to introduce new drugs that target conserved aspects of the viral life cycle that cannot 
tolerate mutations. ψRNA (psi-RNA), specifically its Stem-loop 3 (SL3) hairpin, directs 
the selective packaging of the HIV-1 genome (gRNA) through its obligatory interaction 
with the nucleocapsid protein (NCp7) of the viral Gag-polyprotein. Mutations in SL3 
greatly impede the ability of NCp7 to correctly select for gRNA, and this leads to new 
daughter virions that package incorrect RNAs and are not able to replicate. Thus, SL3 RNA 
stands out as a prime target for designing a mutation-resistant antiretroviral drug.  
 
Recent work has shown that the high-fidelity interaction between NCp7 and SL3 is 
governed by a series of single-stranded guanosines located in the stem of SL3 that serve as 
high-affinity recognition sites for NCp7 binding. Drugs that specifically target the stem of 
SL3 and impede NCp7 binding could offer a new way to combat HIV-1 in ways that viral 
mutations could not overcome, but no such drugs exist. In the quest for an effective NCp7-
SL3 inhibitor we used in-silico modeling and synthetic peptide chemistry to design a brand-
new peptide inhibitor.  Preliminary in vitro testing revealed that our novel peptide greatly 
diminished the infectivity of two major strains of HIV-1 and did not inhibit viral particle 
release or other stages of the HIV-1 life cycle, consistent with its potential anti-packaging 
activity.  
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Dr. Jimmy Ballard, Ph.D. 
Professor and Chairman 
George Lynn Cross Research Professor 
PI/Director, Oklahoma Center for Microbial 
Pathogenesis and Immunity, CoBRE 
Department of Microbiology and Immunology 
University of Oklahoma Health Sciences Center 
 
 
Abstract 

Suppressing Toxin Receptor Expression During C. difficile Infection 
 
Clostridioides difficile is a leading cause of hospital-associated infection and occurs most 
commonly in patients undergoing antibiotic treatment.  C. difficile disease is mediated by 
bacterial toxins released into the colon.  The intracellular bacterial toxin, TcdB, is a major 
C. difficile virulence factor.  TcdB is indispensable to virulence and an important drug and 
vaccine target.  Research in the Ballard lab seeks to determine the mechanism through 
which TcdB is released from C. difficile and then how TcdB enters host cells.   In recent 
work, studies have focused on blocking expression of a key receptor (CSPG4) known to 
be important for TcdB’s ability to bind to target cells.  Using a combination of approaches, 
the Ballard research group has identified signaling networks important for CSPG4 
expression.  Inhibitors targeting one of these signaling pathways were found to block 
CSPG4 transcription and eliminate this receptor from cells that would otherwise be 
targeted by TcdB.  Using a rodent model of C. difficile infection, experiments have shown 
that reducing CSPG4 expression in the mouse colon protects mice from severe disease.  
Collectively, these studies and results support the idea of blocking TcdB receptor 
expression as a novel method of preventing C. difficile disease.  
 
Bio-Summary 

Dr. Jimmy Ballard is George Lynn Cross Professor and Chairman in the Department of 
Microbiology and Immunology at the University of Oklahoma Health Sciences Center.  Dr. 

https://basicsciences.ouhsc.edu/mi/Faculty-and-Staff/Primary-Faculty/jimmy-ballard-phd


Ballard is also the PI/Director of the Oklahoma Center for Microbial Pathogenesis and 
Immunity Phase I CoBRE.   Dr. Ballard’s research focuses on the biochemical functions 
of bacterial toxins and the role of these virulence factors in disease.  Dr. Ballard has studied 
toxins produced by gram positive bacteria for over 30 years, with an emphasis on anthrax 
toxin and toxins produced by pathogenic Clostridia.   Over the past decade his lab has 
defined key differences between C. difficile TcdB from hypervirulent and historical strains 
of this important human pathogen.  Dr. Ballard has authored ~90 manuscripts and is a 
Fellow in the American Academy of Microbiology.   
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Justin Hutchison, Ph.D. 
Assistant Professor 
Department of Civil, Environmental  
& Architectural Engineering 
University of Kansas 
Lawrence, KS 
 
Abstract 

Induced Thermal Stability of Phage Protein GP6 via Interactions with Mycobacterium 
smegmatis 
 
The U.S. incidence of waterborne acquired non-tuberculous mycobacteria (NTM) infections 
has increased to an estimated 68,900 annual cases with an associated hospitalization cost of 
$1.53 billion. These cases are seven times greater than the number of Legionnaires’ disease, 
another common waterborne illness. Both illnesses are associated with exposure to 
contaminated drinking water, and current drinking water treatment technologies are not well 
designed to remove NTM. One possible approach to managing NTM could involve phages; 
however, greater efforts to characterize NTM phages in drinking water systems and new tools 
to study phages are required. This work examined the induced thermal stability caused by 
interactions between phage attachment proteins, specifically L5 PG6, and host receptor 
molecules. Further, this work examined the application of biosorption to facilitate the detection 
of NTM in contaminated drinking water. A high-throughput screening assay was developed to 
elucidate the matrix effect of relevant drinking water conditions on the binding affinity 
between the phage attachment protein and the host. The binding affinity was integrated with 
Langmuir isotherm modeling to predict NTM concentrations in drinking water.  



 
Teruna J. Siahaan, PhD 
Aya and Takeru Higuchi Distinguished Professor 
Department of Pharmaceutical Chemistry 
University of Kansas 
Lawrence, Kansas 
 
 
Abstract 

Searching for Mpro Enzyme Inhibitors using Immobilized Peptide and 
Peptidomimetic Libraries 

The Corona virus disease 2019 (Covid-19) pandemic caused by the SARS-CoV-2 virus 
creates tremendous challenges to healthcare systems. Our goal is to investigate an efficient 
method to design antiviral drugs that target the SARS-CoV-2 main protease (abbreviated 
as Mpro) enzyme utilizing a combination of peptide and peptidomimetic libraries. Thus, the 
antivirals will be derived from inhibitors of the Mpro enzyme to halt viral proliferation and 
spreading in the host. We have screened a peptide library containing 24,000 peptides on 
controlled pore glass beads (CPG)  against the Mpro enzyme and found several optimal and 
very active substrates with novel sequences that have not been discovered previously. We 
also screened a library of 12,139 peptidomimetics and found 36 hit compounds, and the 
top three hits have IC50’s of 18–28 µM with a similar pharmacophore. Molecular docking 
studies suggest that a peptidomimetic KU0431879 with the highest inhibitory activity (18 
µM) occupies the S1 and S2 sites (cavities) of the Mpro enzyme active site. Thus, we are 
curently designing a hybrid inhibitor(s) using structural features of the optimal substrate 
and KU0431879.   



 
Saswati Biswas, Ph.D. 
Research Assistant Professor 
Department of Microbiology, Molecular Genetics 
and Immunology 
University of Kansas Medical Center 
Kansas City, KS 
 
Abstract 

A Strategy for Rapid Screening of Lantibiotics               

Lantibiotics are ribosomally synthesized, extensively modified, short peptide 
antimicrobials. In recent years, the need for new antibiotics has increased due to the rise of 
antibiotic resistance in pathogens. Therefore, lantibiotics are also being explored for this 
purpose, and several of them are now in clinical and preclinical trials. Lantibiotics are 
potent, and their targets are specific. Thus, use of them does not harm the existing 
microbiota as a collateral damage. Although a lantibiotic prepeptide is only ~60 residues 
comprised of leader and core regions, the biosynthesis gene cluster of a lantibiotic is 
organized in a large operon of ~10 kb in size. The biosynthesis locus encodes the structural 
gene of the lantibiotic and all the necessary genes including the modification enzyme, 
exporter, immunity protein and occasionally the regulator. 
 
The recent surge of genomics/metagenomics research boosted the availability of numerous 
novel lantibiotic sequences in GenBank and other public databases. A vast majority of them 
are not characterized regarding their potency. The predominant reason for the lack of 
characterization is that many sequences are derived from a metagenomic study of the 
microbial community. Thus, isolated strains of lantibiotic producers are not available. 
Occasionally, the lantibiotic producer strains are non-culturable. Furthermore, many times, 
the lantibiotic genes are encoded as a part of a silent gene cluster. To overcome these likely 
critical barriers, we examined the use of a heterologous expression system for screening of 
antimicrobials that are potentially novel lantibiotic-like peptides. This remains practically 
an underexplored area of lantibiotic research. Our model will utilize the lantibiotic 
biosynthesis machinery of the host and only integrate the core-lantibiotic gene (~32 
residues) of the homologs in the host genome for synthesis and characterization. 
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Scott Lovell, Ph.D. 
Director 
Protein Structure and X-Ray 
Crystallography Laboratory 
University of Kansas 
Lawrence, KS 

 
 
Abstract 

“Gene to Structure: Utilizing X-Ray Crystallography to Support Chemical 
Biology” 

X-ray crystallography is a commonly utilized technique for providing essential high 
resolution structural information for researchers studying various proteins. Details that 
can be obtained from a protein structure determination include metal binding 
characteristics, protein-protein interactions, protein-ligand interactions and inhibitor 
binding modes. Since X-ray crystallography is a somewhat specialized field, 
investigators routinely collaborate with structural biologists but are often unfamiliar with 
the methods utilized for structure determination. Specific examples will be presented that 
highlight the importance of obtaining structural information to gain mechanistic and 
functional insight of proteins. Additionally, the usefulness of incorporating structural 
biology techniques to probe the effects of small molecules on protein structure/function 
and to facilitate drug discovery efforts will be highlighted. 

 



 
David K. Johnson 
Director 
Computational Chemical Biology &  
Molecular Graphics and Modeling Core Facilities 
University of Kansas 
Lawrence, KS 
 
 
Abstract 

Structure prediction of protein monomers and complexes using Alphafold 
 
“It’s a game changer. This will change medicine. It will change research. It will change 
bioengineering. It will change everything.” – Andrea Lupas, Max Planck Institute 
 
“…Fantastic and will change the future of structural biology and protein research.” – Janet 
Thornton, European Bioinformatics Institute 
 
The hype was palpable after Alphafold 2 finished well ahead of other teams in the Critical 
Assessment of Structure Prediction (CASP). Impressively, some predictions were 
indistinguishable from those determined by X-ray crystallography and cryo-EM. Now that 
over 200 million protein structure predictions are available, with the ability to model most 
monomers and complexes that have not already been computed, it has never been easier 
for scientists to obtain a model of a protein or complex using the “gold standard” for protein 
prediction. In this talk, I introduce Alphafold, how to make models, how to interpret the 
models, provide some examples of models made in the Computational Chemical Biology 
(CCB) Core, assess its limitations, and finally introduce a few ways that Alphafold models 
can be used to help accelerate biological and biomedical research. 



 
 

Sahida Afroz  
Ph.D. Candidate 
Department of Molecular Biosciences 
University of Kansas, 
Lawrence, Kansas 

 
 

Abstract 

Overexpression of the Small GTPase Rab27B Promotes Tumor Growth by 
Regulating Autophagy Flux in Colorectal Cancer 

Autophagy is a dynamic, multi-step process that cells use to degrade damaged, abnormal, 
and potentially harmful cellular substances. While autophagy is maintained at a basal level 
in all cells, it is activated at a higher level in many cancer cells and promotes tumor growth, 
anti-tumor immune response, and resistance to cancer therapy. As a result, autophagy is 
increasingly being recognized to have an important role in cancer progression and 
emerging as a potential target for cancer therapy. We recently discovered that small 
GTPase Rab27B, a well-known regulator of vesicle trafficking and extracellular vesicle 
secretion is overexpressed in colorectal cancer (CRC) and regulates autophagy process. 
Depletion of Rab27B in CRC cells by CRISPR-Cas9 and siRNA resulted in an abnormal 
accumulation of autophagy vesicles and increase in autophagy markers LC3-II and p62, 
indicating a defect in the autophagy flux. To characterize this autophagy defect, we used 
EGFP-mCherry-LC3 reporter, lysotracker and Cyto-ID staining and identified that 
autophagy flux is blocked through inhibition of autophagosome and lysosome fusion when 
Rab27B is silenced. As autophagy has been shown to have a pro-survival role in tumor 
growth and stress response, we hypothesized that this defect in autophagy flux resulting 
from Rab27B deletion will impact cellular stress response and reduce tumor growth. 
Indeed, Rab27B knockout resulted in a 60% reduction in cell viability in response to 
starvation and a 94% reduction in colony formation in soft agar assay. Rab27B deletion 
also prevented spheroid formation in vitro. Finally, to analyze the effect of Rab27B 
deletion in tumor formation in vivo, we performed a xenograft study with wildtype and 
Rab27B knockout CRC cells HCT116 and observed that Rab27B deletion resulted in a 



significant reduction of tumor size (p<0.0001). Next, to analyze the therapeutic potential 
of Rab27B inhibition in CRC, we sought to identify small-molecule inhibitors of Rab27B 
GTPase activity in vitro through high-throughput drug screening from a panel of ∼2,100 
compounds contained within the KU-HTSL chemical library. This screening resulted in 
the identification of three compounds (BTB00809, BTB03584, and KM01532) that 
demonstrated Rab27B GTPase activity inhibition. Interestingly, inhibition of Rab27B in 
CRC cells with the compound km01532 resulted in a similar increase of LC3-II in CRC 
cells HCT116 and SW480 as seen in the Rab27B knockout. Taken together, these results 
demonstrate a new role of Rab27B in the autophagy trafficking process in CRC. Futures 
studies will focus on characterizing the role of Rab27B in CRC tumor formation and 
growth in vivo using Rab27B knockout mouse model, as well as whether Rab27B can be 
targeted as a potential therapeutic strategy. 
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POSTER PRESENTATIONS 

 

Poster 
# Last Name First Name Abstract Title 

1 Arteaga Luis Characterization of Circulating Extracellular 
Vesicles Released in Plasma from Colorectal 
Cancer Mouse Model 

2 Binjawadagi Rashmi Dose Effect of Thyroid Hormone on Myelin 
Damage and Myelin Repair 

3 Ciftci Muhammed Lipids Modulate Membrane Targeting and 
Activation of Apoptotic Factors BAX and Bcl-xL 

4 Dasgupta Debolina Oxidative Stress Regulator NRF2 controls 
Inflammatory T-helper (Th) Subset differentiation 
by Modulating Glycolysis 

5 Downes Grant Low Valency Insulin-CD22 Ligand Conjugates 
Reduce Insulin-specific B Cell Activation in 
Response to Anti-CD40 Stimulation 

6 Ebert Eric Optimizing the Delivery of Antibody Therapeutics 
using Blood-Brain Barrier Modulators 

7 Evans Andrew Inhibition of Xpo1 in Colorectal Cancer 

8 Feehan Ryan Can We Identify Enzyme Active Sites Without 
Experimentation? 

9 Garg Gaurav Design, Synthesis and Profiling of P-Heterocycles 
as Covalent Probes 

10 Hapugaswatta Harsha Role of Rab27A in Cell Growth of Colorectal 
Cancer Cells 

11 Hettiarachchi Piyanka Electrochemical Evaluation of the Local Effects of 
Zn2+ Photo Release in the Zebrafish Brain 

12 Holt Esther Real Time Imaging of Autotaxin Activity in 
Oligodendrocyte Precursor Cells 

13 Hutchison Justin SARS-CoV-2 Wastewater Monitoring in Kansas: 
Correlation with Clinical Data and Variant Tracking 

14 Jimenez Bryan An Analysis of bar-1 Alleles in Motoneuron 
Differentiation 

15 Joshi Prabhu Neuroimmune Regulation of Carbapenem-resistant 
Klebsiella pneumoniae Infection and Lethal 
Pneumonia 

16 Kroh Jacob Determination of the Transmembrane Domain of 
the Virulence Protein IpaC by 19F NMR 



 

 

Poster 
# Last Name First Name Abstract Title 

17 Kurfman Emily Capillary Electrophoresis Analysis of Cellular 
Metabolites for In Situ Life Detection on Ocean Worlds 

18 Malvankar Shweta Familial Alzheimer’s Disease Mutations Stabilize 
Stalled Complexes of γ-secretase Bound to Substrate 
and Trigger Synaptic Loss Independent of Aβ42 

19 Martinez James A Modular Synthesis of Sanctolide A Analogs 

20 McCloskey Erick HSV-1 ICP0 Dimer Domain Adopts a Novel β-barrel 
Fold 

21 McKee Brielle Genetic Adaptation to Tobramycin Alters the Antibiotic 
Susceptibility of Quorum Sensing (LasR)-Null Mutants 
in Pseudomonas aeruginosa 

22 Mohotti Nishama Investigating Lipid Regulatory Pathways During 
Demyelination and Myelin Repair Using a Novel 
Genetic Mouse Model 

23 Pfannenstiel Jessica Identification of a Coronavirus Macrodomain Inhibitor 
That Impairs Virus Replication in Cell Culture 

24 Rodriguez Blanca Mutations in the Nitrogen Phosphotransferase Gene 
ptsP Destabilize Cooperation in P. aeruginosa 

25 Russolillo Matthew Labeling Tumor Cells with Synthetic Constructs for 
Immune Detection 

26 Schuster-
Little 

Naviya Affinity-free Enrichment and Mass-spectrometry 
Characterization of CA125 (MUC16) from Ovarian 
Cancer Patient Ascites 

27 Seibold Steve The University of Kansas Protein Structure and X-ray 
Crystallography Laboratory 

28 Smith Nathan Competitive Impact of Hydrogen Cyanide Produced via 
Acyl-homoserine Lactone-dependent Eavesdropping by 
Chromobacterium subtsugae 

29 Tripathi Aprajita Antioxidation System Metabolically Reprograms 
Survival and Expansion of Activated CD4 T-
Lymphocytes  

30 Vithanage Dimuthu Synthesis of Novel Macrocyclic N-Acyl Sulfamide 
Analogs Using a Build-Couple-Pair Strategy 

31 Wang Chien-Wei Characterizing the Tandem Repeat Region of Ovarian 
Cancer Biomarker CA125 

32 Wei Lanjing Functional Inhibition of RNA-binding Protein HuR 
Reverses Chemotherapeutic Resistance in Triple-
negative Breast Cancer 



Abstract # 1 
 
Characterization of Circulating Extracellular Vesicles Released in Plasma from 
Colorectal Cancer Mouse Model 
 
Luis A. Arteaga-Blanco and Dan A. Dixon 

 
Department of Molecular Biosciences, University of Kansas Cancer Center, 
University of Kansas, Lawrence, Kansas, USA 
 
Colorectal cancer (CRC) is in the top 10 cancers most prevalent worldwide, affecting 
men and women. Current research on tumor-derived extracellular vesicles (EVs) 
suggests that populations of EVs (large EVs, LEV and Small EVs, SEV) play an 
important role in cellular communication through the transport of bioactive 
molecules to recipient cells and thus potentially modulate cancer progression via 
multiple pathways. In this study, we isolated and characterized circulating LEV and 
SEV released by plasma from wild type or the CRC mouse model ApcMin/+. EVs 
were separated by differential centrifugation and then were described using 
nanoparticle tracking analysis (NTA), scanning electron microscopy (SEM) and 
western blot. Mice-derived plasma secreted LEV with size ranging from 70-550 nm, 
peaking at 240 nm and SEV with size ranging from 50–150 nm, peaking at 120 nm, 
as evaluated by NTA and SEM. The markers CD63 and CD81 were detected by 
immunoblotting in the preparations indicating the presence of EVs in the samples. 
Our results showed that pellets enriched with LEV and SEV from ApcMin/+ mice 
presented higher particle concentration (4 and 3 orders of magnitudes, respectively) 
and protein concentration compared with vesicles from normal mice. These initial 
findings provide relevant information for further studies to explore the role of 
tumor-derived EVs from CRC mice models and their ability to modulate cancer 
progression. We believe that an in-depth analysis and omics characterization of 
these EV subtypes from cancer mice models may be useful to identify proteins or 
molecules associated with tumor development and candidate biomarkers for CRC 
diagnosis. 

 
Keywords: CRC, Extracellular vesicles, cellular communication. 
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Multiple sclerosis (MS) is an autoimmune chronic inflammatory neurodegenerative 
disease of central nervous system (CNS), associated with impaired motor ability in the 
affected patients. Demyelination of axons in the CNS is a main characteristic of MS. 
Thyroid hormone (TH) plays an important role in oligodendrogenesis and myelination 
during developmental stage in human CNS. Although TH promotes OPC differentiation, 
it is also known to block formation of OPCs from NSCs. Neural stem cells (NSCs) in the 
subventricular zone (SVZ) of the brain can differentiate into neurons, oligodendrocyte 
precursor cells (OPCs), and astrocytes. Higher levels of TH switch NSCs towards neuronal 
lineage and block differentiation into OPCs.  This opposing role of TH in 
neurodevelopmental processes like migration, differentiation, and myelination are 
regulated by spatial and temporal action of TH. During myelin damage, the role of elevated 
TH on OPCs is not well elucidated. We are hypothesizing that a moderate increase in TH 
can repair demyelination by improving the OPC differentiation and promote myelination 
without disturbing the NSC-OPC pool. This can be achieved initially by identifying a 
tolerated dose of TH that increases OPC differentiation leading to remyelination using 
induced conditional knock out Myrffl/fl; Plp1-CreERT (iCKO-Myrf) genetic mouse model, 
followed by mapping the effects of TH on NSCs and OPCs in the presence of induced 
myelin damage. To test our hypothesis, we performed a 10-week (demyelination) 
experiment with different doses of thyroid hormone T3 (6 ppm,0.6 ppm, 0.2ppm, 0.06ppm, 
0.02ppm) and 4ppm T4/T3 treatments along with 0.4 ppm sobetirome as a positive control, 
using iCKO-Myrf mouse model. Weekly body weights and disease scores analyses 
indicated that 0.6 ppm, 0.2ppm, and 0.06ppm doses of TH were well tolerated. Currently 
we are analyzing the brain and spinal cord samples collected from this study by 
immunofluorescence to determine the effect of treatments on the NSC and OPC 
populations and OPC differentiation. In iCKO-Myrf model, demyelination and 
remyelination phases distinctly correlate with the motor ability. Therefore, to further 
evaluate the effects of the selected three doses of TH in iCKO-Myrf mice experiencing 
demyelination (10-14 weeks) followed by remyelination (18-24 weeks), we are conducting 
a 24-week experiment.  Along with weekly body weights and scores, motor ability (bi-
weekly behavioral) tests using a rotarod and challenge ladder will be conducted. Thus, 
these studies are expected to aid in understanding the role of TH during myelin damage 
and myelin repair.  
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Victor Vasquez-Montes, Mykola V. Rodnin, Alexander Kyrychenko, Alexey S. 
Ladokhin, Muhammed B. Ciftci 
 
Department of Biochemistry and Molecular Biology, University of Kansas Medical 
Center, Kansas City, KS, USA, 66160 
 
Regulation of apoptosis is tightly linked with the targeting of numerous Bcl-2 proteins to 
the mitochondrial outer membrane (MOM), where their activation or inhibition dictates 
cell death or survival. According to the traditional view of apoptotic regulation, BH3-
effector proteins are indispensable for the cytosol-to-MOM targeting and activation of 
proapoptotic and antiapoptotic members of the Bcl-2 protein family. This view is 
challenged by recent studies showing that these processes can occur in cells lacking BH3 
effectors by as yet to be determined mechanism(s). Here, we exploit a model membrane 
system that recapitulates key features of MOM to demonstrate that the proapoptotic Bcl-2 
protein BAX and antiapoptotic Bcl-xL have an inherent ability to interact with membranes 
in the absence of BH3 effectors, but only in the presence of cellular concentrations of 
Mg2+/Ca2+. Under these conditions, BAX and Bcl-xL are selectively targeted to 
membranes, refolded, and activated in the presence of anionic lipids especially the 
mitochondrial-specific lipid cardiolipin. These results provide a mechanistic explanation 
for the mitochondrial targeting and activation of Bcl-2 proteins in cells lacking BH3 
effectors. At cytosolic Mg2+ levels, the BH3-independent activation of BAX could provide 
localized amplification of apoptotic signaling at regions enriched in cardiolipin (e.g., 
contact sites between MOM and mitochondrial inner membrane). Increases in MOM 
cardiolipin, as well as cytosolic [Ca2+] during apoptosis could further contribute to its 
MOM targeting and activity. Meanwhile, the BH3-independent targeting and activation of 
Bcl-xL to the MOM is expected to counter the action of proapoptotic BAX, thereby 
preventing premature commitment to apoptosis. 
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Oxidative Stress Regulator NRF2 controls Inflammatory T-helper (Th) Subset 
differentiation by Modulating Glycolysis 

Debolina Dasgupta, Ben Choi, Kalyani Pyaram 
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Introduction: Kelch-like ECH-associated protein 1(Keap1) and nuclear factor 
erythroid 2–related factor 2 (Nrf2) proteins are part of the anti-oxidation pathway, 
which maintains redox balance in mammalian cells. Nrf2, which is usually tightly 
regulated by Keap1, is upregulated during oxidative stress. It activates anti-oxidant 
response genes to protect cells from redox damage. Although implicated in modulating 
inflammation, much remains to be understood if and how the antioxidation system 
affects immune responses of T-lymphocytes (T-cells). T-cells are the specialized 
adaptive immune cells which orchestrate immune responses. Upon activation, CD4 T-
cells differentiate into different T-helper (Th) subsets depending upon the cytokine 
milieu and the threat encountered. If the antioxidation modulates Th differentiation 
and/or their metabolism, is still unclear. The goal of this study is to identify the role of 
Nrf2 in the differentiation of inflammatory (Th1) and regulatory (Treg) T-cell subsets 
and dissect the underlying metabolic mechanisms. Future in vitro and metabolic assays 
will be conducted in other subsets like Th17, Th9 and Tfh to establish the role of Nrf2 
in the differentiation of these subsets thereby modulating the Th cell mediated adaptive 
immune responses. These studies may pave way for novel immunotherapeutic 
strategies.  
 
Methods: To address this, we used mice with CD4 T-cell specific knock down of Nrf2 
or Keap1. We performed in vitro Th1 differentiation assays using Wild Type (WT), 
Keap1-KO (knock out) and Nrf2-KO (knock out) CD4 T-cells and assessed the 
expression of IFN-γ and T-bet, the signature cytokine and transcription factor for Th1, 
respectively. We validated our findings by performing antigen specific activation using 
T- cells from OTII mice, which are specific to OVA antigen. To dissect the metabolic 
mechanisms, we measured the levels of lactate, as a read out for glycolysis as Th1 cell 
differentiation requires glycolysis. We also performed similar differentiation 
experiment in Tregs (regulatory T cells) by assessing the expression of Foxp3 which is 
the master transcription factor for Tregs.  
 
Hypothesis: We hypothesize that high Nrf2 inhibits Th1 subset differentiation and 
promotes Treg subset differentiation by inducing a metabolic shift in CD4 T-cells. 
 
Conclusion: We observed lower Th1 differentiation from Keap1-KO mice, indicating 
that high Nrf2 negatively regulates Th1 generation. Data from antigen specific 
activation experiments showed comparable results. Further, lactate levels were lower 
in Keap1-KO CD4 T-cells than WT and Nrf2-KO CD4 T-cells suggesting that Nrf2 
may inhibit glycolysis in Th1 cells. Conversely, we observed increased Treg 
differentiation of Keap1-KO cells as measured by Foxp3 expression suggesting that 
Nrf2 promotes Treg cell differentiation. Overall, our data indicate that Nrf2 favours 
anti-inflammatory status as it inhibits inflammatory subset differentiation and promotes 
the differentiation of the regulatory subset.  
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Therapeutic measures for effectively treating autoimmune diseases primarily result in 
global immune system suppression giving rise to several health complications for 
autoimmune patients.  Antigen-specific immunotherapies (ASIT) are a precise method of 
hindering autoreactive immune cells while diminishing the risk for undesired symptoms or 
disease states. Antigen arrays have been employed in ASITs to enable the effective delivery 
of antigenic peptides or proteins in a multivalent fashion. Herein, we have designed an 
antigen array consisting of a 4-arm PEG backbone with varying ratios of insulin (antigen) 
and CD22 ligand conjugated using CuAAC click chemistry to target insulin-specific B 
cells that contribute to disease in type 1 diabetes. Whereas common formulations of 
multivalent antigen arrays are comprised solely of antigens only and have a poorly defined 
tolerogenic mechanism, the combined antigen-CD22L format aims to trigger a unique B 
cell pathway to prevent B cell activation. Monovalent insulin-mCD22L direct conjugates 
were compared to multivalent insulin-mCD22L antigen arrays to validate and quantify the 
significant advantage of a multivalent approach. These constructs blunt B cell activation 
upon co-incubation with anti-insulin B cells stimulated by anti-CD40, however, they are 
rendered ineffective in deterring B cell activation stimulated by CpG demonstrated in 
proliferation assays and flow cytometry. In conjunction, multimeric 4-arm PEG-
insulin/mCD22L demonstrate effective targeting and dampening of anti-insulin B cell 
proliferation which further amplifies the potential of multimeric antigen arrays as an 
effective ASIT for type one diabetes. Furthermore, these antigen-CD22L conjugates shine 
a new lens on multivalent systems as other established multivalent antigen-CD22L systems 
are very large and complex. This data suggests that discrete, low valency systems are 
indeed effective in blocking B-cell activation using BCR-CD22L co-localization lending 
itself toward translation and technological advances in combating autoimmunity. 
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Monoclonal antibody (mAb) therapeutics are an important class of drugs used to treat a 
wide variety of brain diseases such as Alzheimer’s disease, multiple sclerosis, 
glioblastoma, and other brain cancers. However, the brain delivery of mAb therapeutics is 
challenging due to the presence of the blood-brain barrier (BBB). The tight junctions of 
the BBB are formed from protein-protein interactions, including VE-cadherin interactions, 
that seal the paracellular space. Thus, mAbs cannot cross the BBB into the brain through 
the paracellular route. The Siahaan laboratory has developed a novel method of modulating 
the BBB through the use of cadherin peptides that interfere with the cadherin-cadherin 
interactions to increase the porosity of the BBB paracellular pathway. Cadherin peptides 
(i.e., ADTC5, HAVN1) have been used to deliver a wide variety of molecules into the brain 
including 14C-mannitol, gadopentetic acid (a magnetic resonance imaging (MRI) contrast 
reagent), 13.5 kDa BDNF, 25 kDa polyethylene glycol, 65 kDa albumin and 150 kDa 
mAbs. In this project, our goals are to (1) optimize the delivery of mAbs with various 
physicochemical properties to the brain; (2) evaluate the safety of repeated blood brain 
barrier opening; and (3) discover new cadherin peptides to improve the delivery mAbs in 
3D BBB in vitro system. Recently, HAVN1 peptide has been shown to increase brain 
deposition of anti-amyloid β mAb; thus, the effects of HAVN1 to deliver mAbs with 
various physicochemical properties will be compared. In the future, the brain deposition 
mAbs will be evaluated using an mAb tagged with a MRI contrast agent in a mouse model. 
Next, multiple administrations of HAVN1 have been shown to cumulatively enhance the 
brain deposition of an mAb; therefore, the long term safety of multiple injections of the 
HAVN1 peptide will be investigated in a mouse model. Finally,  a 3D-BBB in vitro system 
will be used to evaluate activities of new cadherin peptides to enhance mAb delivery across 
the BBB. 
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Colorectal Cancer (CRC) is the second leading cause of cancer death in the U.S. affecting 
both men and women. Exportin 1 (Xpo1; also known as CRM1) transports proteins with a 
leucine-rich nuclear export signal from the nucleus to the cytoplasm. Xpo1 is known to be 
overexpressed in multiple cancers, including CRC, and interacts with over 1000 different 
proteins. The overexpression of Xpo1 can lead to the excessive removal of tumor 
suppressors and inflammatory regulating proteins from the nucleus. Removal of these 
proteins renders them inactive and promotes the tumorigenesis of CRC. Selective 
Inhibitors of Nuclear Export (SINE) compounds are a new class of drugs that inhibit Xpo1. 
Selinexor is considered the first-generation of SINE compounds and has FDA approval to 
treat patients with Large B-Cell Lymphoma and Myeloma. Eltanexor is a second-
generation compound that is currently in clinical trials for multiple cancer types. The 
benefit of Eltanexor is that it exhibits fewer side effects than Selinexor, due to its inability 
to penetrate the blood-brain barrier. The treatment effects of SINE compounds on CRC 
remains largely unknown. Here we propose that Xpo1 poses as a strong target for the 
treatment of CRC. Our results have shown that by western blot and immunofluorescence 
analysis, there is a decrease in the Xpo1 protein levels in HCT116 cells when they are 
treated with a SINE compound. Interestingly, we have shown through western blot 
analysis, a decrease in the protein Human Antigen R (HuR) when cells are treated with a 
SINE compound. HuR is a mRNA binding protein overexpressed in CRC that binds and 
transports oncogenic mRNAs from the nucleus to the cytoplasm. Next, we analyzed 
Eltanexor’s tumor prevention ability in the CRC mouse model, APCmin/+ mice. From this 
pilot study, we observed a significant (p<0.01), ~70% reduction, in intestinal tumor 
number. Along with showing a reduction in tumor burden, the treated mice showed a 
significant (p<0.001) decrease in the frequency of tumors greater than 1mm. Together, 
these results highlight the potential for using Xpo1 inhibitors as a chemopreventative 
method to prevent the development of CRC and suggest that HuR reduction assists in SINE 
compounds' capability to inhibit CRC cells. Future experiments will aim to further 
characterize the interaction between HuR and Xpo1. We will also further examine the 
mechanisms that allow SINE compounds to inhibit intestinal tumor burden and size in 
APCmin/+ mice.  
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Enzymes account for over half of solved protein structures and are known to play a role in 
over 8,000 reactions. Despite the prevalence and importance of enzymes, the ability to 
identify enzyme active sites remains an unsolved, challenging task. Our lab combined 
structure-based machine learning, metalloproteins, and physicochemical properties to 
distinguish between very similar sites, metalloenzyme active sites and inactive metal 
binding sites. With a 92% precision and 94% recall, our model outperforms alternative 
enzyme prediction methods that utilize evolutionary information and large sequence 
datasets. Moreover, on a set of predicted structures for proteins with no solved crystal 
structure, our model achieved 90-97% accuracy depending on the quality of the predicted 
structures. Finally, to better understand the principles governing enzymatic activity, 
regardless of reaction type, we analyzed which physicochemical properties were 
fundamental for our model’s success. We anticipate that our model’s ability to correctly 
identify catalytic metal sites could enable identification of new enzymatic mechanisms and 
improve de novo enzyme design success rates. 
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Chemical probes are small molecules that are used to elucidate the biological functions of 
proteins.  In particular, covalent probes have emerged as valuable tools to advance our 
understanding of complex biological processes and pathways that are intimately involved 
in human health and diseases. Within the realm of covalent probes, use of P-heterocycles 
is underexplored. To address this gap, the development of a small library of P-heterocycles 
as covalent probes was envisioned. The primary goal of the proposed work is the construc-
tion and assessment of P-heterocycles with varying reactivity patterns. In this regard, mod-
ular synthetic routes employing P-linchpins are developed to construct electrophilic scaf-
folds with tunable electronic, steric, stereochemical, and cLogP properties. Herein, the de-
sign, synthesis, and profiling of P-heterocycles as covalent probes will be presented.  
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Rab proteins are small GTPase molecules that belong to Ras protein super family. Rab27 
subfamily consists two isoforms, Rab27A and Rab27B, that are shown to play major roles 
in multivesicular body (MVB) trafficking in cells. Rab27B regulates trafficking of early 
endosomes whereas Rab27A regulates trafficking of late endosomes. Our lab has recently 
discovered that silencing of Rab27B in CRC cells HCT116 and SW480 resulted in 
dysregulation of cellular recycling system- autophagy leading to suppression of tumor 
growth. Rab27A is an isoform of Rab27B with seventy-one percent amino acid content 
similarity. Therefore, we intend to investigate the role of Rab27A in CRC cells. A 
CRISPR/Cas9 method was used to delete the Rab27A gene from HCT116 cells to create a 
Rab27A knockout cell line. The absence of Rab27A was confirmed by qRT-PCR, western 
blot and immunofluorescence assay. The elimination of Rab27A by CRISPR/Cas9 did not 
show the similar autophagy defects as observed in the Rab27B knockout cells.  However, 
we observed a significant reduction in cell growth in Rab27A knockout cells (KO) when 
compared to HCT116 wild-type cells. MTT assay showed a significant (p<0.01) four-fold 
decrease in cell viability in Rab27A knockout cells. We confirmed this result using trypan 
blue cell count observing two-fold decrease in cell growth. We performed Rab27A 
knockdown(KD) in HCT116 cells to confirm the cell growth defect is not a result of 
CRISPR/Cas9 method. Similar to our knockout cells, Rab27A knocked down cells also 
showed significant (p<0.05) two-fold decrease in cell viability.  Therefore, future studies 
will be focused on investigating the role of Rab27A in cell viability and cell growth in CRC 
cells. We will also examine the effect of eliminating Rab27A on extracellular vesicle 
secretion in CRC cells. Future studies will focus on understanding the mechanism of how 
Rab27A contributes to cell growth in CRC as well as analyzing the effect of Rab27A 
knockout on tumor growth in vivo in a xenograft study.    
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Free, ionic zinc (Zn2+), an endogenous transition metal plays an important role in numerous 
intra- and extracellular functions in the central nervous system. A large body of evidence 
suggests that imbalances in the Zn2+ homeostasis are associated with Parkinson’s disease 
(PD) which is a devastating neurodegenerative motor disorder characterized by 
dopaminergic neuron loss and dysfunction. However, the specific effects and underlying 
mechanisms of action of Zn2+ on dopamine release, which is critical for motor control in 
PD, are not well understood. The challenge with unraveling these specific mechanisms is 
that the signaling events guiding these activities operate within a sub-s time scale and thus 
the measurements should be obtained within this time regime. In this project, we’re using 
a promising approach that involves the photolysis of a newly developed caged Zn 
compound combined with fast scan cyclic voltammetry (FSCV) at carbon fiber 
microelectrodes. The analytical methodologies were developed to determine the effects of 
the photo-activated release of Zn2+ from a custom synthesized molecular cage on the 
dopamine release/uptake in whole brain preparations of zebrafish (Danio rerio).  
 
The harvested whole brains placed in a perfusion chamber received a constant flow of 
oxygenated artificial cerebrospinal fluid (aCSF) heated to 28˚C to maintain viability. The 
brain was perfused with a xanthone-based photocage, and the light was supplied from a 
mercury light source, filtered with a 280 nm high pass filter, and gated through a shutter 
that is under computer control and synchronized with the FSCV measurements. The light 
application parameters such as duration and light-to-stim delay were systematically 
optimized. Our results indicate the photo uncaging of caged Zn affects the dopamine 
release and reuptake in the zebrafish brains.  These findings will help to expand the current 
knowledge on how Zn2+ affects dopamine release/uptake and thereby to unravel new 
therapeutic pathways to treat motor and cognitive deficiencies in patients with 
neurodegenerative disorders associated with Zn imbalance. 
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Multiple sclerosis (MS) is a common neurodegenerative disease that has limited treatment 
options and involves the demyelination of axons within the central nervous system.  Myelin 
sheaths are formed by oligodendrocytes, and this process is regulated by various lipid 
signaling molecules.  One known signaling lipid is lysophosphatidic acid (LPA), which is 
made from the enzymatic action of autotaxin on lysophosphatidylcholine (LPC).  However, 
previous studies have not fully defined the mechanism by which LPA production promotes 
myelination. Fluorescence resonance energy transfer (FRET) LPC probes will be 
developed to monitor autotaxin activity and LPA production in real time during 
oligodendrocyte differentiation.  Two probes will be synthesized, a fluorescence-on and a 
fluorescence-off probe, which will allow for tracking of autotaxin activity and location 
within cells. Once these probes have been characterized by 1H nuclear magnetic 
spectroscopy and mass spectroscopy, they will be evaluated for their performance in vitro 
to determine which probe provides enhanced fluorescent imaging ability and enzyme 
activity. The identified probe will then be applied to primary cultures of rodent 
oligodendrocyte precursor cells (OPCs) and two-photon microscopy will be used to image 
the probe and autotaxin activity within cells.  These studies will provide further insight into 
the location and activity of LPA production and its involvement in OPC differentiation and 
myelination, which may reveal new possible targets for future treatment of neurological 
diseases involving myelination.  
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Introduction 

The COVID-19 pandemic has highlighted the potential role that wastewater-based 
epidemiology (WBE) can play in assessing aggregate community health. However, efforts 
to translate SARS-CoV-2 gene copy numbers obtained from wastewater samples into 
meaningful community health indicators are ongoing. This work will highlight two efforts 
to promote the use of WBE: 1) comparison of SARS-CoV-2 wastewater measurements 
during a low-frequency and a high-frequency clinical testing period and 2) the appearance 
of variants of interest in Kansas communities over time.  

Methods  

These efforts measured the SARS-CoV-2 nucleocapsid (N) genes (N1 and N2) weekly 
using reverse transcriptase droplet digital PCR. To compare measurements with clinical 
results, two municipal wastewater treatment plants were monitored for six months. Four 
biomarkers (human mitochondrial gene NADH dehydrogenase subunit 5 (mit5), 
creatinine, ammonia, and biological oxygen demand (BOD)) were quantified and used to 
normalize Sars-CoV-2 gene copy numbers to account for variations in sewershed 
conditions. The normalized values were correlated to daily new case data and one-, two-, 
and three-week cumulative case data. Variants were determined by amplifying and 
sequencing the spike (S) gene using artic primers 75, 76 alt, and 77 followed by with clade 
assignment performed by Nextclade.  

Results  

Mitochondrial and creatinine normalization methods showed the strongest correlations 
throughout the studying indicating that human-specific biomarkers were better at 
normalizing wastewater data than ammonia or BOD. During low-frequency clinical testing 
periods, results were strongly correlated with a six-day case data lag (ρ = 0.83), while the 
high-frequency clinical testing period yielded correlations of 0.81 with a one-day case data 
lag. Emergence of variants of concern was observed in wastewater at the same time as 
clinical samples. 

Conclusion  

WBE has emerged as an effective public health tool to detect the emergence of disease in 
a community. As research continues, variant identification has become an additional tool 
for WBE.  
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The process of specification leads to cellular identity via a process of transcriptional 
activation of cell-type appropriate genes. Neurons go through iterative rounds of 
specification necessary to take on both general and specific functions. Neurons can be 
categorized based on different criteria that describe different aspects that all must be 
specified during development. We are using C. elegans to study the process of motoneuron 
specification. C. elegans are naturally transparent and there are several fluorescent 
reporters that can be used to monitor the acquisition of different neural fates. Here we are 
using two different reporters, Pflp-13::gfp, which selectively expresses GFP in a subset of 
Dorsal D-type (DD) neurons, and Pplx-2::rfp, which specifically expresses RFP in one the 
Ventral D-type (VD) neurons. In a genetic screen for molecules involved in the 
specification of these neurons we identified multiple alleles in the bar-1/beta-
catenin. Interestingly the penetrance of specification defects suggest that the cells are 
differentially affected by the individual alleles. I will present data that suggests these cell 
types which have very similar function are acquiring fates in a unique manner. 
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Carbapenem-resistant Klebsiella pneumoniae (CRKP) causes lung infections and fatal 
pneumonia for which minimal treatment options are available. They are responsible for 20-
40% mortality among the hospitalized patients. Host targeted alternative therapeutic 
approaches are thus necessary for CRKP infections. The respiratory tract is densely 
innervated by nociceptive sensory neurons that mediate pain production and release of 
neuropeptide calcitonin gene-related peptide (CGRP) in the lungs. CGRP acts on its 
cognate receptor complex (Ramp1/Calcrl) expressed in immune cells for 
immunomodulation. However, we do not yet understand the role of nociceptive neurons 
and CGRP in host defenses to CRKP pneumonia. Our preliminary data demonstrate the 
inhibitory effects of CGRP signaling for the immune responses to CRKP infections. In 
vitro stimulation of bone marrow-derived macrophages (BMDMs) with CRKP bacteria of 
multiplicity of infection of 10 and 100nM CGRP showed a robust suppression of 
production of cytokines and chemokines that are essential for anti-CRKP immunity, 
including TNFα, MCP-1 and IFN-β. In addition, our in vivo data after lethal dose challenge 
of CRKP showed a lower bacterial load in lungs and higher recruitment of neutrophils 
(CD11b+Ly6G+) and inflammatory monocytes (CD11b+Ly6Chi) among nociceptive 
neuron-ablated mice as compared to control littermates. Taken together, our results suggest 
the role of nociceptive neuronal signaling to immune cells in host response against CRKP 
infection.  

Key words: Nociceptive neuron, CGRP, CRKP. 
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The Type III Secretion System (T3SS) is a needle-like protein macromolecular machine 
used by many Gram-negative bacterial pathogens such as members of the Shigella, 
Salmonella, Burkholderia, Yersinia, and Pseudomonas families that allows them to infect 
eukaryotic cells. The T3SS is composed of numerous proteins that form a macrostructure 
that has three components: the needle-like injector apparatus composed of the inner and 
outer membrane rings, needle, tip, and translocon. Effector proteins of diverse function, 
and chaperone proteins that bind the effectors and guide them to the needle complex. The 
T3SS translocon is a complex formed by two membrane proteins -- the major translocon 
protein and the minor translocon protein.  In Shigella, the minor translocon protein is IpaC, 
and is predicted to contain one transmembrane region between residues 100 to 170.  Other 
residues in the region 100-170 are expected to be associated with the membrane.  How the 
IpaC residues 100-170 interact with the membrane is poorly understood.  Further, there is 
currently no experimental data in the literature that shows a direct interaction between IpaC 
residues 100-170 with the membrane.  Our goal is to characterize the membrane association 
of IpaC residues 100-170 using 19F NMR methods.  We used site directed mutagenesis to 
engineer cysteine point mutations along the length of IpaC, expressed and purified the IpaC 
cysteine mutants, and labeled the proteins with a fluorine tag BTFA (3-bromo-1,1,1,-
trifluoroacetone).  We acquired 1D  19F NMR of the BTFA-labeled proteins in the presence 
and absence of micelle, and determined which residues showed changes in the 19F NMR 
peaks in a membrane mimic.  Our results suggest a possible use of 19F NMR to map the 
membrane association of the different residues of IpaC and opens the door to future work 
on characterizing the T3SS translocon proteins. 
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In the future, space exploration missions will likely focus on ocean worlds, such as Europa 
(a moon of Jupiter) and Enceladus (a moon of Saturn), to search for possible signatures of 
life associated with their liquid water oceans. To detect and profile the chemical 
composition of any single-celled life that might be discovered, it is necessary to develop 
cell analysis methods that are compatible with spaceflight missions. These methods must 
be able to enrich and lyse cells, and extract and analyze their content using analytical 
methods that are compatible with spaceflight. As a result, we are developing hardware that 
can be used to concentrate and electrically lyse cells for subsequent analysis by capillary 
electrophoresis (CE) with multiple detection methods. CE is a useful technique for the 
separation of small, charged biomolecules, and could be made portable for spaceflight. It 
is also compatible with various detection methods including UV-visible absorption 
spectroscopy, capacitively coupled contactless conductivity detection (C4D), and mass 
spectrometry (MS). A combined CE-C4D-UV method using a background electrolyte of 2 
M acetic acid was developed for separation of a mixture of biomolecules present in cells 
that are positively charged under these conditions, and this method was applied to analysis 
of E. coli cultures. Initially, standard methods for cell metabolite extraction were evaluated 
that could then be used for comparison of extraction efficiency to our cell lysis devices. 
Several E. coli cell samples were extracted using different solvent mixtures, including 
80/20 methanol/water and 2 M acetic acid. The results showed that many cell metabolites 
can be extracted using these solvents and analyzed using our CE method.  Currently, 3D-
printed devices are being designed and prototyped to be evaluated for cell concentration 
and lysis. In the future, CE-MS will be used with these lysis methods to provide more 
conclusive identification of cellular metabolites. 
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Alzheimer’s disease (AD) is a neurodegenerative disorder that causes dementia. AD is 
characterized pathologically by cerebral deposition of 42-residue variant of amyloid β-
peptide (Aβ42), produced from amyloid precursor protein (APP) by β- and γ-secretases. 
The γ-secretase carries out processive proteolysis within the transmembrane domain 
(TMD) of APP substrate to generate Aβ40 or Aβ42 along two different pathways: 
Aβ49→Aβ46 →Aβ43→Aβ40→Aβ37 and Aβ48→Aβ45 →Aβ42→Aβ38. Although 
mutations in APP and presenilin, the catalytic component of γ-secretase, cause familial 
Alzheimer’s disease (FAD), Aβ42 pathogenicity has not been clearly established. In this 
study we show that FAD-mutant γ-secretases are deficient in early proteolytic steps of APP 
processing and not later steps that produce secreted Aβ products when compared to wild-
type (WT) enzyme. A substrate-based TMD mimetic traps the enzyme in its transition state 
of substrate cleavage and validates a molecular dynamics model for the active enzyme. 
Dynamic simulations and live cell imaging by fluorescence lifetime imaging microscopy 
suggests that the FAD-mutant γ-secretases bound to APP substrate are less flexible and 
more stable compared to WT enzyme-substrate complexes. A C. elegans transgenic lines 
expressing FAD-mutant APP substrate and/or Presenilin-1 (PSEN1) showed shorter 
lifespan and synaptic loss compared to WT transgenic lines. FAD-mutant APP substrate 
required PSEN1 for the neurodegenerative phenotype, but FAD-mutant PSEN1 led to 
neurodegeneration even in the absence of coexpressed APP substrate. Addition of a 
mutation that blocks Aβ42 production also showed synaptic loss and reduced lifespan. 
Taken together, these findings show that FAD mutations can cause neurodegeneration 
independently of Aβ42 and suggest that stalled complexes of γ-secretase and substrate may 
trigger the disease.   
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A Modular Synthesis of Sanctolide A Analogs 
 
James B. Martinez, Gihan C. Dissanayake, Paolo Alaras, Gaurav Garg, Cornelius Ndi, 
Jana L. Markley, Paul R. Hanson 
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A diversity-oriented synthesis approach was used to generate more stable, electrophilic 
analogs of the macrocyclic natural product sanctolide A. The synthetic route employs a 
build-couple-couple-pair strategy to construct the α,β-unsaturated macrocyclic 
lactone/lactam skeleton of sanctolide A. Side-chain and warhead derivatization in the build 
phase allowed a small library of 2-desmethyl analogs to be generated, with Michael-
accepting kinetic studies in progress. Future efforts are aimed at evaluating these analogs 
as modulators of nucleophilic residues on proteins such as cysteine proteases and other 
thiol-based enzymes. 
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Infected cell protein 0 (ICP0) is an immediate-early regulatory protein of herpes simplex 
virus 1 (HSV-1) that possesses E3 ubiquitin ligase activity. ICP0 transactivates viral genes, 
in part, through its C-terminal dimer domain (residues 555-767). Deletions in this dimer 
domain result in reduced viral gene expression, lytic infection, and reactivation from 
latency. Since ICP0’s dimer domain is associated with its transactivation activity and 
efficient HSV-1 replication, we wanted to determine the structure of this specific domain. 
ICP0 was purified from bacteria and analyzed by X-ray crystallography to solve its 
structure. Each subunit or monomer in the ICP0 dimer is composed of nine β-sheets and 
two α-helices. Interestingly, 2 adjacent β-sheets from one monomer “reach” into adjacent 
subunit during dimer formation, generating 2 β-barrel-like motifs. Additionally, from the 
crystallographic analyses, a tetramer structure is formed from 2 β-sheets of each dimer, 
creating a “stacking” of the β-barrels. Structural protein database searches indicate the 
fold/structure adopted by the ICP0 dimer is novel, and its dimer is held together by an 
extensive network of hydrogen bonds. Computational analyses reveal that ICP0 can either 
form a dimer or bind to SUMO1 via its C-terminal SUMO-interacting motifs but not both. 
Understanding the structure of the dimer domain will provide insights into the activities of 
ICP0.  
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The LasR-I quorum-sensing system contributes to Pseudomonas aeruginosa virulence and 
has been shown to increase resistance to the antibiotic tobramycin. Paradoxically, lasR-
null mutations are commonly isolated from chronic infections of patients treated over 
sustained periods with tobramycin, suggesting there may be some mechanism allowing the 
lasR mutants to persist under antibiotic selection. We explore the hypothesis that adaptive 
mutations conferring tobramycin resistance change the role of lasR in tobramycin 
resistance. We identified that a single-nucleotide mutation in the translation elongation 
factor gene fusA1 G61A (FusA1A21T) confers a specific advantage to lasR mutants under 
tobramycin selection, a phenomenon known as sign epistasis. Under tobramycin selection 
a lasR-null mutation decreases fitness in the ancestral PA14 parent but this same mutation 
increases fitness in a fusA1 G61A mutant background. This mutation resides in a motif of 
fusA1 known as the Walker-A P-loop, which binds phosphoryl groups and is essential for 
the GTPase function of FusA1. This process is also important for activation of the stringent 
response, which is employed by bacteria during nutrient starvation to slow down translation 
and activate stress response pathways. We demonstrate that in fusA1 G61A mutants, 
important stringent response-controlled genes are not activated, and lead to increased 
oxidative stress in lasR mutants. These results suggest that the fusA1 G61A mutation 
inhibits activation of stringent response, which may provide a potential explanation for 
how this adapted mutation alters lasR regulation of tobramycin. Overall, this highlights the 
importance of adaptation on the evolutionary trajectory of quorum sensing and may explain 
how quorum sensing-null mutants persist in antibiotic-treated patients. Future experiments 
are focused on proving the effects of the fusA1 G61A mutation on stringent response and 
the mechanism by which this effects the regulation of lasR.  
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Investigating Lipid Regulatory Pathways During Demyelination and Myelin Repair 
Using a Novel Genetic Mouse Model 
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The myelin sheath is a lipid rich membrane that wraps neuronal axons and is discontinuous 
at the nodes of Ranvier. This plays a crucial role in the nervous system by acting as an 
insulating layer facilitating the rapid saltatory impulse conduction of a neuron. Multiple 
Sclerosis (MS) is one of the most common central nervous system demyelinating disorder 
where myelin sheaths are subjected to repeated inflammatory episodes of demyelination 
resulting in motor disability in patients. Lipids being the main component in myelin, 
mapping changes in the lipid profile during myelin damage & repair is capable in identify 
important lipid pathways that either promote or impair successful remyelination. Previous 
studies on identifying lipid regulation during demyelination have been limited by the 
availability of animal models that feature global demyelination and the ability to correlate 
myelin damage with disability. This study features, induced conditional knockout- myelin 
regulatory factor (iCKO- Myrf) mouse model, which has defined stages of global myelin 
damage followed by myelin repair that also has a measurable motor disability that 
correlates with peak demyelination. Unbiased full profile lipidomics analysis performed 
on brain and spinal cord samples collected from iCKO-Myrf model have revealed several 
classes of lipids that change dynamically during demyelination & remyelination. The 
largest changes were observed in cholesterol ester (CE) populations with 30-fold increase 
of CEs in the brain and a delayed 130-fold accumulation of CE in the spinal cord during 
myelin damage compared to normal physiological conditions. These results along with 
behavioral experiments on the iCKO-Myrf model suggest that there is a strong possibility 
that CE regulatory pathways are highly involved in the myelin damage & repair process. 
Therefore, follow-up studies will take the advantage of histology and immunofluorescence 
coupled with confocal microscopy to identify which CE regulatory pathways are 
predominantly activated in demyelination and remyelination which will be helpful in 
developing new therapeutic targets to treat demyelination. 
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Identification of a Coronavirus Macrodomain Inhibitor That Impairs Virus 
Replication in Cell Culture 
 
Jessica J. Pfannenstiel, Yousef M.O. Alhammad, Joseph J. O’Connor, Anthony R. Fehr 
 
Department of Molecular Biosciences, The University of Kansas, Lawrence, Kansas, 
USA 
 
Coronaviruses (CoVs) are well-known to emerge from zoonotic sources and cause severe 
human and veterinary diseases, including recent outbreaks of MERS-CoV and SARS-
CoV-2. All Coronaviruses (CoVs) encode for macrodomain protein (termed Mac1) that 
binds to and removes ADP-ribose from protein. Mac1 is essential for pathogenesis, 
indicating that it is a potential target for anti-viral therapeutics. Murine-Hepatitis virus 
(MHV), a model CoV that can be easily studied at BSL-2 levels, is ideal for testing Mac1 
inhibitors for their ability to target virus replication because Mac1 is essential for 
replication of this virus. However, we lacked high-throughput methods to identify 
inhibitors of MHV infection. To create a more efficient drug screening system for MHV, 
we created a luciferase-expressing virus, which can rapidly measure virus replication. 
Previous screens identified a novel compound, MCD-628, that inhibited Mac1 activity in 
vitro at low micromolar levels. Interestingly, MCD-628 had no impact on virus replication, 
and we hypothesize this was due to an acidic side chain that could prevent entry into the 
cell. We then tested a compound with an ester at that site, termed MCD-617, and then 
found that this compound impaired MHV replication by ~ 2-logs without significant 
cytotoxicity at the concentrations tested. To validate that MCD-617 specifically targets 
Mac1, we are passaging virus in the presence of MCD-617 to identify drug-resistant 
mutants. Deep sequencing will be performed on drug-resistant mutants to identify any 
Mac1 or off-target mutations and explore potential mechanistic interactions.  
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The bacterium Pseudomonas aeruginosa regulates gene expression in a population density-
dependent manner using quorum sensing, which is carried out by the LasI signal synthase 
and the LasR signal receptor. The LasR-LasI system coordinates cooperative activities 
such as exoprotease secretion for catabolism. Exoproteases are public goods that are prone 
to exploitation by freeloading social cheaters, such as individuals with LasR-null 
mutations. LasR mutant cheaters spontaneously emerge in populations growing on casein, 
where exoproteases are needed for growth. These LasR-null mutants proliferate in 
populations where casein is the sole carbon source because they avoid the metabolic burden 
of activating the production of exoproteases. The proliferation of LasR-null cheaters is 
predicted to drive the population to collapse by destabilizing cooperation under quorum 
sensing but, collapse rarely occurs in these conditions. It has been observed that 
cooperating populations with knockout mutations in the genes mdpA or ptsP do collapse 
as a result of spontaneous lasR cheater invasion. mdpA codes for a metallopeptidase that is 
involved in the catabolism of dipeptides, which may be important for taking up nutrients 
from proteolyzed casein. ptsP codes for the first enzyme in the nitrogen phosphotransferase 
(PTSNtr) system, which is thought to regulate changes in metabolism in response to nitrogen 
and carbon availability. These mutations may accelerate collapse by increasing competition 
for nutrients between cooperators and cheaters.  We focused on understanding how these 
mutations affect nutrient uptake, metabolism and direct competition through policing 
effects that drive the destabilization of cooperation in P. aeruginosa communities. These 
studies will illuminate new insight into quorum sensing biology and the evolution of 
cooperation and will provide new information to address P. aeruginosa-related challenges 
in the medical, agricultural and industrial fields. 
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Labeling Tumor Cells with Synthetic Constructs for Immune Detection 
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Immunotherapy is revolutionizing cancer therapy, but these therapies have yet to be 
broadly applied. Immunotherapies used to treat refractory and relapsed hematologic 
malignances highlight the promise of immuno-oncology; however, the treatment of solid 
tumors with immunotherapies remains challenging. One significant challenge impeding 
the treatment of solid tumors with immunotherapies is tumor antigen heterogeneity. Solid 
tumors differentially express a wide range of antigens, yet antigen expression levels across 
a tumor are highly variable. Unfortunately, variable antigen expression facilitates escape 
mechanisms and obstructs long-term remission. Approaches to overcome the challenge of 
antigen heterogeneity have seen limited success; however, a recent combination therapy 
leveraging tumor targeting virions and chimeric antigen receptor (CAR) T cells has 
provided a glimmer of hope. Here tumor targeting virions infect tumor cells and induce the 
expression of an antigen that permits tumor cell recognition and lysis by CAR-T cells. Our 
approach is analogous to this combination therapy, but instead of using virions to induce 
antigen expression, we use synthetic molecules that deposit on the surface of tumor cells 
upon activation with tumor-specific or tumor-targeted enzyme. These molecules carry 
antigens that facilitate tumor cell recognition and lysis by CAR-NK cells that we have 
developed. Here we will describe our synthetic approach to these molecules and their initial 
biological characterization. 
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Ovarian cancer 5-year survival rates exceed 90% when diagnosed at the localized stage; 
however, owing to a lack of clear signs and symptoms, over half of ovarian cancer patients 
are diagnosed with distant-stage disease, for which survival rates drop to 29%. This 
decrease in survival rates can be attributed to the lack of a biomarker or diagnostic test 
approved for population-wide preventative screening. The biomarker of greatest utility in 
the clinical management of ovarian cancer is CA125, the peptide epitope of the 
glycoprotein MUC16.  CA125 is currently detected using an immunoassay, and counts are 
tracked to monitor a patient’s response to treatment or recurrence of disease. We aim to 
develop an antibody-free assay that uses mass spectrometry to detect and quantitate 
MUC16 isolated from the biofluids of individual patients. Here, we report an optimized 
bottom-up proteomics workflow that involves suspension trapping (S-Traps™) and uses 
deoxycholic acid (DCA) as a passivating agent to reduce protein loss through adsorption. 
Proteins are denatured, reduced, and alkylated in the presence of sodium dodecyl sulfate 
and DCA. Following alkylation, sample is spun onto an S-Trap™, and proteins are digested 
using trypsin. Peptides are eluted from the trap, desalted, and analyzed using nano LC-
MS/MS on a Q-Exactive mass spectrometer. Inclusion of DCA results in improved 
coverage of MUC16, from 3 to 12%. We applied the bottom-up proteomics workflow to 
ascites that contains tumor-associated proteins including MUC16. MUC16 is enriched 
from ascites using an immunoaffinity-free method that consists of filtration, ion exchange 
and size-exclusion chromatography. Using this method, we detect MUC16 peptides in 
ascites samples from three patients with high grade serous ovarian cancer. The peptides 
map to the tandem repeat and C-terminus of MUC16 and peptide abundance correlates 
with clinical CA125 counts. These results will help us develop a mass spectrometry-based 
assay for detecting the CA125 cancer biomarker, which may result in earlier detection of 
ovarian cancer.  
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The University of Kansas Protein Structure and X-ray Crystallography Laboratory 
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The Protein Structure and X-ray Crystallography Laboratory at The University of Kansas 
University (PSXL) collaborates with investigators from various institutions in an effort to 
obtain the 3-dimensional structures of proteins and small molecules using X-ray 
crystallography. In addition, the PSXL serves as the main crystallography group for the 
Seattle Structural Genomics Center for Infectious Diseases (SSGCID) and is responsible 
for the structure determination of various proteins in the pipeline. The capabilities along 
with examples of structures and ongoing NIH funded projects focused on drug 
development are presented. These projects highlight the importance of obtaining structural 
information to provide mechanistic/functional insight for particular proteins and 
demonstrate the significance of structural biology to facilitate and support drug discovery 
efforts.   
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Many soil saprophytic bacteria use LuxR-I-type acyl-homoserine lactone (AHL) quorum-
sensing systems to activate production of antimicrobials that can be utilized to compete 
with other bacteria in polymicrobial communities. LuxR signal receptors specifically 
interact with cognate AHLs produced through LuxI to cause changes in gene expression. 
Some LuxR-type AHL receptors have relaxed specificity and are responsive to non-
cognate AHLs. The soil saprophyte Chromobacterium subtsugae has a single AHL circuit, 
CviI-R, which produces and responds to N-hexanoyl-HSL (C6-HSL). The AHL receptor 
CviR can respond to a variety of AHLs in addition to C6-HSL.  In prior studies, we showed 
that CviR allows C. subtsugae to compete with another saprophyte, Burkholderia 
thailandenis, by responding to B. thailandensis AHLs by eavesdropping. In this study, we 
used RNAseq to show that eavesdropping activates production of hydrogen cyanide 
(HCN). We showed that C. subtsugae produces 2,200-3,600 µM cyanide (CN-) in C. 
subtsugae pure cultures after 12 hours, which is dependent on both the cyanide biosynthetic 
genes and the quorum-sensing receptor CviR. We also show that potassium cyanide can 
inhibit growth of B. thailandensis  at a half-maximal concentration (IC50) of 114 µM. We 
also used genetic mutants to demonstrate that hydrogen cyanide is needed for C. subtsugae 
to compete with B. thailandensis in response to B. thailandensis AHLs in laboratory 
cocultures.  Our results demonstrate that C. subtsugae uses hydrogen cyanide for 
interspecies competition in response to non-native AHLs via eavesdropping and establish 
a laboratory coculture system that can be used for future studies on the role of 
eavesdropping in interspecies competition.   
 
Important words: hydrogen cyanide, eavesdropping, quorum sensing 
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Antioxidation System Metabolically Reprograms Survival and Expansion of 
Activated CD4 T-Lymphocytes  
 
Aprajita Tripathi, Anil Pant, and Kalyani Pyaram  
  
 Division of Biology, College of Arts and Sciences, Kansas State University, KS, USA 

CD4 T-lymphocytes (T-cells) are a subset of adaptive immune cells that orchestrate 
immune responses and play an important role in host immunity. Apart from being critical 
mediators of defense against infections and cancers they can also lead to autoimmune 
diseases like multiple sclerosis, colitis, arthritis, etc. More recent studies show that cellular 
metabolism of CD4 T-cells governs their effector functions like activation, expansion, and 
differentiation. Further, reactive oxygen species (ROS), the metabolic byproducts of 
cellular metabolism serve as second messengers of immune responses. ROS levels are 
regulated by the antioxidation pathway, which is composed of Keap1 and Nrf2 proteins. 
Nrf2 regulates oxidative stress and is known to modulate the immune functions yet its role 
in maintaining CD4 T-cell repertoire and activation-driven expansion is unclear. In the 
current study, we aim to determine the role of antioxidation system in activation-driven 
expansion of CD4 T-cells and the underlying metabolic mechanisms. Based on our 
published data on innate T-cells and our recent preliminary data, we hypothesize that Nrf2 
acts as a metabolic checkpoint for CD4 T-cell activation and expansion by modulating 
glucose and glutamine metabolism.  

Methods: To test our hypothesis, we used mice with T-cell specific deletion of Keap1 
(Keap1-KO) or Nrf2 (Nrf2-KO) mice. CD4-T cells from these mice were isolated using 
magnetic separation method, activated in vitro and their responses were compared with 
wild type (WT) cells. Nutrient dependency of the WT, Keap1-KO and Nrf2-KO CD4 T-
cells was tested by performing the in vitro activation in media lacking glucose or glutamine 
and then measuring their activation and expansion by flow cytometry. The cell trace violet 
(CTV) dye was used to measure expansion. Mtorc1 activity (pS6 levels) was measured by 
flow cytometry as well.  

Results:  We observed that Keap1-KO (Nrf2) in activated CD4 T-cells shows higher 
expansion as compared to WT and Nrf2-KO. Our nutrient dependency data suggests that 
Nrf2 relies on glutamine for activation-driven expansion in CD4 T-cells. We further show 
that increase in mTORC1 signaling in high Nrf2 condition supports glutamine metabolism 
in activated CD4 T-cells. Our findings identify a mechanism by which Nrf2 metabolically 
reprograms CD4 T-cells and modulates their metabolic dependencies to support cell 
expansion. A better understanding of this immunometabolic antioxidation crosstalk may 
pave way for new strategies or improve current Nrf2- modulating therapeutics.   
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A Build-Couple-Pair method to synthesize S-containing macrocycles, in particular 
macrocyclic N-acyl sulfamides, is reported. The key reactions in this approach, we term 
“Click, Click, Cyclize,” involve constructing amine and alcohol components bearing 
alkene and alkyne moieties (Build phase), with subsequent condensation of each fragment 
to form a versatile N-acyl sulfamide linchpin (Click, Click/Couple). Subsequent 
intramolecular cyclization employing either ring-closing metathesis (RCM) or ring-closing 
enyne metathesis (RCEM) (Cyclize/Pair) affords macrocyclic sulfamoyl carbamates. 
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Current ovarian cancer monitoring relies on an FDA approved immunoassay called the 
CA125II test, which detects CA125, an epitope on the large mucin MUC16. However, the 
CA125II test can only track patient response to treatment and recurrence. The results of the 
CA125II test are not suitable for use in population-wide screening due to the missing 
knowledge of the exact location of antibody binding epitopes of anti-CA125 antibodies 
and the structure of mucin protein MUC16. MUC16 contains a heavily glycosylated N-
terminal region, an intracellular C-terminal region and a tandem repeat region that was 
previously believed to contain 63 repeats and the CA125 epitopes. The highly repetitive 
nature of CA125 makes it a challenging subject for short-read sequencing and epitope 
mapping. In our study, we utilized the third-generation sequencing technique Oxford 
nanopore to solve the exact sequence of the CA125 tandem repeat region in three ovarian 
cancer cell lines and tumor tissue collected from three patients with high-grade serous 
ovarian cancer. The sequence was validated with bottom-up proteomics results on MUC16 
that was immunoprecipitated, digested with trypsin, and analyzed with LC-MS/MS. With 
our new sequence results, we propose a new MUC16 model that contains only 19 tandem 
repeats. To better understand the binding epitopes of clinically used anti-CA125 antibodies 
OC125 and M11, we expressed different repeats individually as recombinant proteins. The 
binding affinity between different anti-CA125 antibodies were measured by a variety of 
affinity assays including Western blot, ELISA, and surface plasmon resonance. All three 
experimental methods showed variable antibody binding to all nine expressed repeats. 
Additionally, antibodies which have been categorized by their epitope as OC125-like group 
or M11-like group showed different binding patterns to their respective “-like” clones. 
These results help us better understand the ovarian biomarker CA125 and will be used for 
new affinity assay development. 
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The 5-year relative survival rate of patients with triple-negative breast cancer (TNBC) is 
lower than the overall patients with breast cancer. The primary systemic treatment for 
TNBC remains to be chemotherapy. But chemoresistance frequently develops with the 
conventional usage of chemotherapy drugs, which results in poorer prognosis and higher 
recurrence of TNBC than other subtypes of breast cancer. Therefore, to improve the 
treatment for TNBC, overcoming chemoresistance is a critical challenge to conquer. The 
RNA-binding protein Hu antigen R (HuR) is a posttranscriptional regulator. It can stabilize 
target mRNAs through binding to U- or AU- rich elements mainly in 3’ untranslated region 
(UTR) of mRNA and upregulate their translation level in most cases.  The encoded proteins 
of HuR target mRNAs are implicated in multiple cancer hallmarks, including 
chemotherapeutic sensitivity. The cytoplasmic accumulation of HuR is reported to 
contribute to chemoresistance in multiple cancer cells, and HuR inhibition sensitizes cancer 
cells to chemodrugs. We hypothesize that inhibition of HuR function by disrupting its 
interaction with mRNA can accelerate the decay of target mRNAs and thus reduce the 
translation level of proteins responsible for chemoresistance. 

Recently, our lab identified a small molecule HuR inhibitor, KH-3, which potently inhibits 
HuR function by disrupting HuR-mRNA interactions. In this study, KH-3 is used as a tool 
compound to investigate the roles HuR plays in chemoresistance development and evaluate 
whether HuR inhibition can enhance the efficacy of chemotherapy for TNBC cells. Two 
MDA-MB-231 cell sublines resistant to docetaxel (231-TR) or doxorubicin (231-DR) were 
generated in our lab. Compared to the parental cell line, two sub-lines exhibit similar 
sensitivity to KH-3, and KH-3 re-sensitizes chemoresistant cells to docetaxel or 
doxorubicin in the MTT-based cytotoxicity assay and the colony formation assay, 
indicating that HuR inhibition can overcome the acquired chemoresistance. The in vivo 
efficacy studies in orthotopic xenograft mouse models of human TNBC confirm that KH-
3 synergizes docetaxel treatment. Regarding to mechanisms of action, several HuR direct 
target mRNAs implicated in chemoresistance were found upregulated in the resistant cells, 
which were reversed by KH-3 treatment. Detailed molecular mechanisms are now under 
investigation. This study suggests that HuR inhibition is a promising strategy to overcome 
the challenge of chemoresistance of TNBC. 
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