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Coronavirus TherapeuƟcs: Present and Future
May 26th , 2021
Poster Session

8:00 am—1:00 pm (Web-Link: https://hubs.mozilla.com/uXQPRZJ/ante-room-0)

LIVE Sessions
1:00 pm—4:00 pm (ZOOM ID: 98085305048; Password: 1EQ3Q2dqiU)
Alternatively Click Here: https://vcu.zoom.us/j/98085305048?pwd=OHl3dEVkSmp6RlZoUmYwc3lxZitKZz09
1:00 pm

Welcome from Umesh R. Desai, PhD, Symposium Chair and Professor, VCU
Welcome from John Newby, CEO, Virginia Bio (VABIO)
Instructions from IT Professional Staff

Session 1: COVID-19 & SARS-CoV-2: Basics, Biology and BioClinic
CHAIRS:

John Lazo, PhD (UVA) & Marion Ehrich, PhD (VTech)

1:10 pm

Keynote 1: Daniel Carey, MD, Secretary, HHR, Commonwealth of Virginia
“Fighting Infectious Disease in the Commonwealth: The Role of State Government”
Q&A

1:35 pm
1:40 pm
2:05 pm
2:10 pm
2:25 pm

Keynote 2: Paul Marik, MD, Eastern Virginia Medical School, Norfolk, VA
“Treatment of COVID-19: A Focus on Ivermectin”
Q&A
Invited Talk 1: Kylene Kehn-Hall, PhD, Virginia Tech
“Host-Pathogen Interaction Dynamics During SARS-CoV2 Infection”
Q&A

Session 2: SARS-CoV-2 and Drug Discovery
CHAIRS:

Paul B. Fisher, PhD (VCU) & Ali Andalibi, PhD (GMU)

2:30 pm

Keynote 3: Sumit Chanda, PhD, Sanford Burnham Prebys Medical Discovery Institute
“Large-scale Repurposing Strategy Toward the Discovery of SARS-CoV-2”
Q&A

2:55 pm
3:00 pm
3:25 pm
3:30 pm
3:45 pm

Keynote 4: Kris M. White, PhD, Icahn School of Medicine at Mount Sinai
“Repurposing of Clinical-Approved drugs with Potent Antiviral Activity and Synergistic
Interactions for the Treatment of COVID-19”
Q&A
Invited Talk 2: Elizabeth Sharlow, PhD, University of Virginia
“Developing an iPS Neuron High Content Screening Assay to Identify Inhibitors of SARS
CoV-2 Binding”
Q&A

3:50 pm

Poster Talk 1: Cristina Miliano, PhD, VT “Identification of a Druggable CART Receptor
that Mediates Motivated Feeding Behaviors”

4:00 pm

Day 1 Closing Remarks - Umesh Desai, PhD (VCU)
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Coronavirus
TherapeuƟcs: Present and Future
May 27th , 2021
Poster Session

8:00 am—1:00 pm (Web-Link: https://hubs.mozilla.com/uXQPRZJ/ante-room-0)

LIVE Sessions
1:00 pm—4:00 pm ( ZOOM ID: 98085305048; Password: 1EQ3Q2dqiU)
Alternatively Click Here: https://vcu.zoom.us/j/98085305048?pwd=OHl3dEVkSmp6RlZoUmYwc3lxZitKZz09

Session 3: SARS-CoV-2 and Biologics
CHAIRS:

Paul Carlier, PhD (VT) & Nicholas Farrell, PhD (VCU)

1:00 pm

Welcome/Instructions

1:05 pm

Keynote 5: Pamela Bjorkman, PhD, California Institute of Technology
“Neutralizing Antibodies Against Coronaviruses
Q&A

1:30 pm
1:35 pm
2:00 pm
2:05 pm

Invited Talk 3: Michael Buschmann, PhD, George Mason University
“Ionizable Lipids and Lipid Nanoparticles for mRNA Vaccines”
Q&A
Poster Talk 2: John Chittum, Graduate Student, VCU
“Binding of Heparan Sulfate Microarray Oligosaccharides to Spike Glycoprotein”

Session 4: Bottlenecks and Future Strategies
CHAIRS:

David Kingston, PhD (VT) &

2:15 pm

Keynote 6: Sally Allain, MBA, Johnson & Johnson
“Anticipating the Known and Unknown Threats of Tomorrow”

2:45 pm

Keynote 7: Richard Sciotti, PhD, NIAID/NIH
“Pandemic Response: A Complicated Future”
Q&A

3:10 pm
3:15 pm
3:30pm

Mikell Paige, PhD (GMU)

Invited Talk 4: Peter Lipsky, MD, AMPEL BioSolutions, Charlottesville, VA
“Prediction of SARS-CoV-2 Disease Severity and Best Drug Options for Patients”
Q&A

3:35 pm

Poster Talk 3: Jose Santiago-Riviera, Graduate Student, VT
“Uncouplers of Oxidative Phosphorylation as Obesity Therapeutics”

3:45 pm

Symposium Wrap-up— Umesh Desai (VCU) & John Newby (VABIO)

3:50 pm

Meeting Close
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 1
“FIGHTING INFECTIOUS DISEASE IN THE COMMONWEALTH: THE ROLE OF
STATE GOVERNMENT”
Daniel Carey, MD, Secretary of Health and Human Resources, Commonwealth of Virginia
daniel.carey@governor.virginia.gov
https://www.hhr.virginia.gov/

Daniel Carey, M.D. was appointed Secretary of Health and Human Resources
by Governor Ralph Northam in January 2018. Prior to his appointment, Dr. Carey worked for over 20 years as a cardiologist in Lynchburg and served as Senior
Vice President and Chief Medical Officer of Centra, where his responsibilities
included information technology services, patient quality and safety efforts, performance improvement initiatives, and functions of the medical staff at Centra’s
3 acute care facilities.

Abstract
The Commonwealth of Virginia is a leader in healthcare delivery, drug research and entrepreneurship. Virginia's skills in these areas have been instrumental tools used to fight the current
pandemic. Secretary Dan Carey, the Governor's primary advisor on health issues, will discuss
the Commonwealth's response to the current crisis and how we can be prepared for future health
challenges.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 2

“TREATMENT OF COVID-19: A FOCUS ON IVERMECTIN”
Paul E. Marik, MD, FCCP, FCCM, Professor, Internal Medicine, Chief, Pulmonary and Critical
Care Medicine, Eastern Virginia Medical School, Norfolk, VA
MarikPE@evms.edu
Paul Marik, MD received his medical degree from the University of the Witwatersrand, Johannesburg, South Africa. He was an ICU attending at Baragwanath Hospital, in Soweto, South Africa. During this time he obtained a Master
of Medicine Degree, Bachelor of Science Degree in Pharmacology, Diploma in
Anesthesia as well as a Diploma in Tropical Medicine and Hygiene. Dr. Marik
did a Critical Care Fellowship in London, Ontario, Canada, during which time
he was admitted as a Fellow to the Royal College of Physicians and Surgeon
of Canada. Dr. Marik has worked in various teaching hospitals in the US since
1992. He is board certified in Internal Medicine, Critical Care Medicine, Neurocritical Care and Nutrition Science. Dr. Marik is currently Professor of Medicine
(with tenure) and Chief of the Division of Pulmonary and Critical Care Medicine, at Eastern Virginia Medical School in Norfolk, Virginia. Dr Marik has written over 500 peer reviewed journal
articles, 80 book chapters and authored four critical care books. He has been cited over 44,000
times in peer-reviewed publications and has an H-index of 98. He has delivered over 350 lectures at international conferences and visiting professorships. He has received numerous
teaching awards, including the National Teacher of the Year award by the American College of
Physicians in 2017. Dr. Marik is the co-founder of the Front Line Critical Care Alliance
(FLCCC).

Abstract
Review stages of COVID.
Discuss in-vitro studies of ivermectin.
Review Clinical efficacy of Ivermectin, for the prophylaxis and treatment of COVID
Discuss the safety of ivermectin.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 3
“Discovery of SARS-CoV-2 Antivirals Through Large-Scale Drug Repurposing”
Sumit K. Chanda, PhD, Professor & Director, Sanford Burnham Prebys Medical Discovery Institute, Immunity and Pathogenesis Program
schanda@sbpdiscovery.org
Sumit Chanda earned his Ph.D. from Stanford University in 2001, and received
his post-doctoral training at the Genomics Institute of the Novartis Research
Foundation (GNF). He subsequently transitioned to a Group Leader position,
and established his research group in the Division of Cellular Genomics at GNF.
In 2007, he joined the Infectious and Inflammatory Disease Center at the Burnham Institute for Medical Research as an Associate Professor. Dr. Chanda was
promoted to Professor in 2013. In 2015, he was appointed Director of the Immunity and Pathogenesis Program at Sanford Burnham
Prebys Medical Discovery Institute.

Abstract
As of March 2021, the ongoing SARS-CoV-2 pandemic has resulted in the infection of over 120
million people, resulting in over 2.6 million deaths. While deployment of the vaccine is expected to
curtail the pandemic, both endemic and season disease is likely to persist. As antiviral therapies of
acute respiratory infections are typically effective at only the early stages for disease, there is a critical unmet medical need for the develop of orally-available and affordable treatment options. We
have conducted high-throughput analysis of over 12,000 known drugs to identify molecules with
potential antiviral activities. We have reported over 21 molecules that are likely to promote antiviral
activity at clinically attainable dosing. Of note, we have characterized clofazimine, an inexpensive,
orally available FDA-approved molecule for the treatment of leprosy, as a potent and safe antiviral
with ex vivo and in vivo preclinical efficacy. Successful clinical evaluation of clofazimine as an antiviral for SARS-CoV-2 would provide expanded options for post-exposure prophylactic and earlystage disease therapy for COVID-19, particularly in the third world.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 4
“REPURPOSING OF CLINICALLY-APPROVED DRUGS WITH POTENT ANTIVIRAL ACTIVITY AND SYNERGISTIC INTERACTIONS FOR THE TREATMENT
OF COVID-19”
Kris M. White, PhD, Assistant Professor, Department of Microbiology, Icahn School of Medicine at
Mount Sinai
kris.white@mssm.edu

Kris White received his PhD in Virology, Immunology at the University at Buffalo,
Buffalo, NY and his BSc in Biology Chemistry at Hofstra University, Uniondale
NY. His postdoc was at the Icahn School of Medicine at Mount Sinai, NY where
he is now an Assistant Professor in Microbiology. His lab focused on drug combination studies in the pursuit of synergistic antiviral interactions. Through a collaboration with the laboratory of Gaetano Montelione at Rensselaer Polytechnic Institute, they have identified inhibitors of the viral PLpro enzyme that interact synergistically with remdesivir, the current standard of care antiviral for the treatment of
COVID-19.

Abstract
The ongoing COVID-19 pandemic is the result of a zoonotic transmission event, similar to previous
coronavirus epidemics. Antiviral therapeutics are urgently needed to combat SARS-CoV-2 in the
current pandemic and will be the first line of defense for the future coronavirus epidemics. The
SARS-CoV-2 coronavirus is reliant on host cell proteins to successfully complete the viral replication cycle and our previously published SARS-CoV-2 interactome highlighted 332 host proteins that
are likely to play a role in the viral life cycle. Thus far we have screened over 800 potential antivirals, targeted to both the host and viral proteins, against SARS-CoV-2 in cell culture. In this manner
we have identified over 40 compounds which inhibit SARS-CoV-2 with a sub-micromolar IC90 in
vitro, with our top host-targeted hit having a sub-nanomolar IC90. We have also found that multiple
FDA-approved HCV protease inhibitors have antiviral activity against SARS-CoV-2 and synergize
with the current standard of care, remdesivir. Finally, we have tested our most potent clinicallyapproved host-targeted antiviral in animal models of SARS-CoV-2 infection with highly promising
results. Taken together, our results offer multiple clinically-approved drugs with significant potential
to impact patient health in the ongoing COVID-19 pandemic and offer many insights into SARSCoV-2 biology that can be used in the specific design of future antivirals for the treatment of coronavirus infection.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 5
“NEUTRALIZING ANTIBODIES AGAINST CORONAVIRUSES”
Pamela Bjorkman, PhD, David Baltimore Professor of Biology and Biological Engineering, California Institute of Technology (CalTech)
bjorkman@caltech.edu
Pamela Bjorkman is the David Baltimore Professor of Biology and Biological Engineering at Caltech. Her laboratory does basic and translational research to understand immune recognition of viral pathogens. They are interested in understanding antibody responses against viruses in order to develop improved therapeutics and potential vaccines. As part of their approach, they investigate the
structural correlates of broad and/or potent antibody-mediated neutralization of
HIV-1, SARS-CoV-2, Zika, and hepatitis C virus.

Abstract
Neutralizing monoclonal antibodies against SARS-CoV-2 are being used as therapeutics against
COVID-19. The Bjorkman laboratory is investigating the mechanisms of virus neutralization by human antibodies that bind the SARS-CoV-2 spike protein. Using structural techniques including single-particle cryo-electron microscopy and X-ray crystallography, they have solved spike trimerantibody structures that allow them to classify antibodies with respect to spike recognition and neutralization. They are also designing and testing mosaic nanoparticles that induce broadly crossreactive antibodies with the goal of creating a pan-coronavirus vaccine t//hat could protect against
SARS-CoV-2 and future coronaviruses with the potential to /spillover into humans.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 6
“DRIVING SOLUTIONS TO THE KNOWN AND UNKNOWN THREATS OF TOMORROW”
Sally Allain, MBA, Regional Head of Johnson & Johnson (JLABS) @ Washington, DC
SAllain2@its.jnj.com
As Regional Head of JLABS @ Washington, DC, Sally sets the strategic direction and oversees all operational activities for JLABS in the greater Washington
metro region, including Maryland and Virginia. In this role, Sally is responsible
for the process of evaluating and selecting a strong portfolio of innovators for
JLABS @ Washington, DC, and building strategic partnerships with corporate,
academic, government and industry organizations that aim to strengthen the region’s life sciences innovation network.
Sally joined JLABS after serving as Senior Director, Strategy & Operations on
the Global External Innovation team at Johnson & Johnson, where she supported portfolio management and reporting and strategic business development efforts across the organization. Prior, Sally was with Janssen R&D, Immunology,
where she managed a team in research operations and alliance management for the early discovery to early development portfolio. Sally understands well the needs of healthcare entrepreneurs,
having launched her research career at a San-Diego based biotech startup and then working internationally for a UK-based governmental economic development agency creating early-stage biotech and academic collaborative programs aimed at accelerating the development of products to
address the needs of patients and consumers.
Sally received her MBA from the University of California Berkeley, Haas School of Business, where
she was recognized by ‘Poets and Quants’ as one of the ‘Top 50’ EMBA students across US & International Programs in 2016; a Master of Science Degree in Microbiology / Immunology from Virginia Tech; and a Bachelor of Science Degree in Biology from Virginia Tech.

Abstract
Johnson & Johnson Innovation – JLABS responded to the COVID pandemic, supporting entrepreneurs and early stage companies in the development of solutions and technology to respond to
COVID. Many were additionally supported by a unique public – private , a collaboration with the Biomedical Advanced Research and Development Authority (BARDA) to stimulate innovation and
incubation of technologies to improve health security and our nation’s response to health security
threats and emerging infectious diseases.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Keynote 7
“PANDEMIC RESPONSE: A COMPLICATED FUTURE”
Richard J. Sciotti, PhD, PMP, Chief, Drug Development Section, National Institutes of Health, National Institute of Allergy and Infectious Diseases (NIH/NIAID)
rick.sciotti@nih.gov
Richard Sciotti earned a BS in Chemistry from Pennsylvania State University, a
PhD in Synthetic Organic Chemistry from Indiana University, and worked as a
post-doctoral fellow at the University of Notre Dame. He is an experienced medicinal chemist with 25 years of drug discovery experience, 14 years at Abbott
Laboratories and Pfizer Inc. (Ann Arbor and Groton sites) and 10 years at Walter
Reed Army Institute of Research. He has led drug discovery efforts in malaria,
cutaneous leishmaniasis, antibacterials, immunosuppression and cardiovascular
therapeutic areas; has led tactical and strategic project operating plans requiring
extensive knowledge of synthetic and medicinal chemistry, toxicology, pharmacology, pharmaceutical sciences and pharmacokinetics/pharmacodynamics. This work has resulted
in 5 clinical candidates, over 100 publications/presentations and 18 patents. He received the prestigious DoD Scientist of the Quarter award, presented by the Assistant Secretary of Defense, and
was awarded the Department of the Army, Research & Development Achievement Award for Leadership Excellence. In 2018, joined NIAID as the Chief, Drug Development Section and since joining,
NIH/NIAID has managed a portfolio of over 20 product development contracts and delivered 12
Phase 1 and 4 Phase 2 clinical trials.
Abstract
History repeats itself as Nature continues to create deadly emerging infectious diseases like Ebola
and SARS. How do we use our previous experiences (viruses) and current situation (knowledge) to
prepare for the next more complicated emerging infectious disease? The National Institute of Allergy and Infectious Diseases, the only NIH institute with a ‘dual mandate’ to not only support basic
and translational research but to also respond to public health threats, is committed to the global
public health, including preventing, diagnosing, and treating COVID-19. The Drug Development
Section focuses on advancement of candidate medical countermeasures and platform technologies
toward public health threats in the areas of biodefense and emerging infectious diseases. Successful execution of product development contracts produces critical clinical candidates that transition to
other government agency and private sector partners for advanced development to create a portfolio of products. This effort is augmented with a suite of preclinical services used by external programs to fill gaps in their product development plan, enabling a rapid response to outbreaks. This
versatile strategy, previously applied to the Ebola and Zika Virus outbreaks was used to characterize and test therapeutics: identifying and evaluating repurposed drugs and novel broad-spectrum
antivirals, virus-targeted antibody-based therapies, including plasma-derived intravenous immunoglobulin and monoclonal antibodies, and host-directed strategies to combat COVID-19.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Invited Talk 1
“HOST-PATHOGEN INTERACTION DYNAMICS DURING SARS-COV-2 INFECTION’
Kylene Kehn-Hall, PhD, Professor, Virology, Department of Biomedical Sciences and Pathology,
Virginia Tech
kkehnhall@vt.edu
http://www.vetmed.vt.edu/people/bios/kehn-hall.asp
Kylene Kehn-Hall is a Professor of Virology in the Department Biomedical Sciences & Pathology, and VA-MD College of Veterinary Medicine, Virginia Tech,
Blacksburg, VA. She has a PhD and MS, in Biochemistry and Molecular Biology
from The George Washington University, Washington, DC . Her undergraduate
degree BS Chemistry/Biology, Virginia Commonwealth University, Richmond, VA.
Her research interests are notably in encephalitic alphaviruses, Rift Valley fever
virus, and SARS-CoV-2, identifying critical host factors that are necessary for viral
replication and/or pathogenesis, evaluating small molecule inhibitors that target
essential host-based events for their therapeutic potential, and developing novel
diagnostic tools to enable the early detection of viral infection.

Abstract
Characterization of the innate immune response to SARS-CoV-2 infection is critical to enable a
thorough understanding of inflammatory processes that may contribute to COVID-19. Calu-3 human
lung epithelial cells and hACE2 transgenic mice are being used as model systems to investigate the
impact of SARS-CoV-2 infection on innate immune response signaling. Specifically, studies characterizing the impact of SARS-CoV-2 on CXCL10 chemokine induction and cGAS-STING signaling
will be presented. The use of small molecule inhibitors to prevent CXCL10 and cGAS-STING pathway activation and their impact on SARS-CoV-2 replication and pathogenesis will be discussed.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Invited Talk 2
“DEVELOPING AN iPS NEURON HIGH CONTENT SCREENING ASSAY TO IDENTIFY INHIBITORS OF SARS-COV-2 BINDING”
Elizabeth R. Sharlow, PhD, Professor of Research, Department of Pharmacology, University of
Virginia, Charlottesville, VA
ers7g@virginia.edu

Dr. Elizabeth Sharlow completed a PhD (Genetics) at the Pennsylvania State
University and postdoctoral fellowships at the NCI and a Johnson & Johnson
family company. She has focused on early stage drug discovery for 20+ years
with experience in academia and industry. She is currently a Professor of Research (Pharmacology) at the University of Virginia in Charlottesville, VA and is
cofounder and CEO of KeViRx, Inc., a startup pharmaceutical company spun out
of the University of Virginia and the University of Pittsburgh.

Abstract
SARS-CoV-2 infection triggers neurological symptoms. This is unsurprising given that the virus’
close relatives, MERS-CoV and SARS-CoV-1, are also associated with neurological symptoms;
however, the scale appears to be unprecedented with ~80% of COVID19 patients being afflicted.
Primary acute symptoms include encephalopathy, strokes, or encephalitis while long term symptoms range from headaches to cognitive difficulties. Many aspects of how or why SARS-CoV-2 impacts brain function remain unresolved. To that end, we are developing an induce pluripotent stem
cell-derived neuron model system to study the binding and/or internalization of SARS-CoV-2 spike
protein subunit 1. Ultimately this system will be converted into a screening platform to identify small
molecules that inhibit SARS-CoV-2 spike protein subunit 1 binding.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Invited Talk 3
“DESIGNING IONIZABLE LIPIDS AND LIPID NANOPARTICLES FOR mRNA VACCINES”
Michael Buschmann, Ph.D., Professor and Chair, Bioengineering Department, George Mason
University
mbuschma@gmu.edu

Michael Buschmann is Professor and Chair of the Bioengineering Department in the
Volgenau School of Engineering at George Mason University. He came to Mason
with over 20 years of experience at École Polytechnique in Montreal. Buschmann
earned his PhD in 1992 in Medical Engineering and Medical Physics from the Massachusetts Institute of Technology in the Harvard-MIT Division of Health Sciences
and Technology and conducted his postdoctoral studies at the ME Mueller Institute
of Biomechanics, University of Bern, Switzerland. His research is in the fields of biomechanics, biomaterials, and nanomedicine, which he has won several awards including the prestigious Canada Research Chair Tier 1 in 2001, the Melville Medal of
the American Society of Mechanical Engineering (ASME) in 1997, and Article of the Year for ASME
Journal of Biomedical Engineering in 1996. He has been the driving force behind five biotech
startup companies as founder or principal inventor: Biosyntech Inc., sold to Smith & Nephew; Biomomentum Inc.; ANRis Pharma; Ortho Regerative Technologies Inc., and Aexerna Therapeutics.

Abstract
Covid-19 mRNA vaccines are mainly composed of lipids (95% w/w) to effectively deliver the mRNA
payload (5% w/w) that is translated intracellularly at the injection site and in the draining lymph
nodes to stimulate the immune system to mount a humeral response to the protein immunogen.
The key component of the lipid nanoparticle (LNP) delivery system is an ionizable lipid that binds
the mRNA during assembly of the mRNA LNP and effectively releases it intracellularly when triggered by endosomal protonation. The success of mRNA vaccines are due in large part to their efficient delivery by the ionizable lipid and the immune adjuvant properties of the ionizable lipid. We
have developed a novel rational approach to design more effective ionizable lipids starting with a
theoretical assessment of their ionization properties that effect endosomal release. The resulting
ionization properties are then assessed molecularly as well as in the colloidal state of the LNP and
related to delivery efficiency in vitro and in vivo. In parallel we assess local inflammatory reactions
and non-frozen storage properties to ensure translatability to human clinical trials. This systematic
approach has resulted in a number of novel LNPs that exhibit greater potency than the current reference LNPs including their ability to protect against a lethal viral challenge in an animal model.
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Coronavirus Therapeutics: Present & Future
May 26 & 27, 2021
Invited Talk 4
“PREDICTION OF SARS-COV-2 DISEASE SEVERITY AND BEST DRUG OPTIONS FOR PATIENTS”
Peter Lipsky, MD, Co-Founder and Chief Medical Officer, AMPEL BioSolutions, Charlottesville, VA
peterlipsky@comcast.net
http://ampelbiosolutions.com/covgene/

Dr. Peter Lipsky is a internationally recognized physician-scientist. He cofounded AMPEL to bring personalized precision medicine to patients with diseases involving the immune system and inflammation. Peter has been a trailblazer since receiving his MD from NYU and training at the NIH/NIAID. He
joined the faculty of UTSW Center at Dallas as a professor of Internal Medicine
and Microbiology as well as the Director of the Harold C. Simmons Research
Center, Co-Director of the Immunology Graduate Program, and Director of the
Rheumatology Divison. Before co-founding AMPEL in 2013, he was the Director of the Intramural Research Program and the Autoimmunity Branch of
NIAMS at the NIH. Peter’s career has been distinguished by multiple scientific
awards including the Carol Nachman Prize, the American College of Rheumatology Distinguished Investigator Award and the Arthritis Foundation’s prestigious Lee Howley prize. He has edited several journals including the Journal of Immunology and Nature Reviews Rheumatology.

Abstract
SARS-CoV2 is a previously uncharacterized coronavirus and causative agent of the COVID-19
pandemic. The host response to SARS-CoV2 has not yet been fully delineated, hampering a precise approach to therapy. To address this, a comprehensive analysis of gene expression data was
carried out from the blood, lung, and airway of COVID-19 patients. Our results indicate that COVID19 pathogenesis is driven by populations of myeloid-lineage cells with highly inflammatory but distinct transcriptional signatures in each compartment. The relative absence of cytotoxic cells in the
lung suggests a model in which delayed clearance of the virus may permit exaggerated myeloid cell
activation that contributes to disease pathogenesis by the production of inflammatory mediators.
The gene expression profiles also identify potential therapeutic targets that could be modified with
available drugs. The data suggest that transcriptomic profiling can provide an understanding of the
pathogenesis of COVID-19 in individual patients. In collaboration with Dr. Alex Kadl and her team
at the University of Virginia, these results were confirmed in a longitudinal study with gene expression isolated from the blood of SARS-CoV2 patients in the ICU.
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BINDING OF HEPARAN SULFATE MICROARRAY OLIGOSACCHARIDES TO THE SPIKE
GLYCOPROTEIN OF SARS-COV-2
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Vaccines have been developed to combat the COVID-19 pandemic, but new variants of the novel
coronavirus may pose future problems for these therapies.1 In lieu of this, agents capable of inhibiting
SARS-CoV-2 infection must be identified. SARS-CoV-2 is an enveloped, positive-sense RNA virus capable
of infecting host cells when its spike glycoprotein (SgP) binds cell surface angiotensin-converting enzyme
2 (ACE2) receptors.2 Heparan sulfate proteoglycans (HSPGs) carrying HS glycosaminoglycan chains are
also used by the virus to facilitate the SgP – ACE2 interaction.3 Heparin, an analog of HS, was recently
observed to bind exceptionally well to SgP, suggesting that
heparin-like molecules may compete with HS proteoglycans
for SgP binding.4 We hypothesized that a HS oligosaccharide
of defined chain length and sulfation could be identified as an
antagonist of SgP.
Using a HS microarray containing 24 distinct
oligosaccharides (tetra- to nona-saccharide), we screened for
sequences able to bind the receptor-binding domain (RBD) of
SgP and detected them with fluorescence (Alexa Fluor 488).
We identified two sequences (HS23 & HS24) presenting a 3O-sulfate (3-OS), to exhibit the strongest binding to the RBD
which was supported by molecular docking. We then
performed a competition study using the HS microarray to
assess the importance of 3-O-sulfation in RBD binding,
where fondaparinux (FPX; 3-OS) and common HS
hexasaccharide (HS06; non-3-OS) were supplemented as
competing ligands. HS06 was also observed to be a strong
competitor for the RBD, which implicated that features of both
3-OS and non-3-OS HS contribute to SgP recognition. We
then performed a computational screening of 46,656 HS hexasaccharide topologies by docking them to the
RBD and found that a majority of top-scoring hexasaccharides contained at least two 3-OS groups. These
results helped identify a HS pharmacophore for preferential binding to SgP and suggest that HS
oligosaccharides possessing multiple 3-OS groups may function as effective antagonists of SgP.
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COMPUTATION EXPLORATION OF STAPHYLOCOCCUS AUREUS PHAGE-RELATED RIBOSOMAL
PROTEASE (PRP) SPECIFICITY TO THE N-TERMINAL EXTENSION OF RIBOSOMAL PROTEIN
Julia Hotinger1, Heather A. Pendergrass1, Adam L. Johnson1, Aaron E. May1, *
1

Department of Medicinal Chemistry, Virginia Commonwealth University., Richmond, VA, (USA)

hotingerja@vcu.edu
Phage-related ribosomal protease (Prp) is an antibiotic target responsible for cleaving an extra Nterminal sequence on essential ribosomal L27 protein encoded by some bacteria, including well known
pathogens Staphylococcus aureus, Clostridium difficile, and Streptococcus pneumoniae.[1,2] This N-terminal
“tag” must be cleaved the appropriate time in order to allow for normal ribosomal function and, therefore,
cell viability.[2] Prp’s activity is highly selective to its host’s L27 tag Table 1. L27 Mutant Peptide
sequence, demonstrated by the lack of cleavage when certain point Cleavage by S. aureus Prp
mutations (Table 1, mutations in red) were introduced into the L27 tag and
Cleavage
an inability of C. difficile Prp to cleave S. aureus L27.[2-4] The labor intensive L27 Peptide
and costly procedures to obtain these important and promising results, MLKLNLQFF’AS
Yes
however, is not comparable to the information gleaned. Molecular modeling MLKLNLEFF’AS
No
is one solution to this predicament. We have used the novel crystal structure MLKLNLAFF’AS
No
of S. aureus Prp bound to a 12mer of the S. aureus L27 N-terminus MLKLNLIFF’AS
Yes
(KLNLQFF’ASKKG) to develop a model for the prediction of S. aureus Prp MLKLNLQFY’AS
Yes
cleavage specificity of mutant S. aureus L27 peptides as well as other MLKLNLQFF’SS
Yes
bacterial species’ L27 N-terminal extensions.
MLKLNLQFF’GS
Yes
We first used SYBYL-X 2.1.1 to prepare and minimize the crystal
structure (Figure 1, unpublished, provided by Dr. H. Wright at VCU). This included changing any mutations
Figure 1: S. aureus Prp (Lime) made in the protein for crystallization purposes back to their native residues
bound to L27 12mer (Magenta) and removing unnecessary atoms/waters. This unminimized, but corrected,
structure was used as the starting point for all point mutations to the L27
peptide. After all structures were minimized, we ran them through Hydropathic
INTeractions (HINT), a scoring software, to obtain an overall score of the
interaction between the peptide and protein and also interactions of individual
atoms that contribute to binding potential positively or negatively. These
results explain and can predict the in vitro cleavage, or lack thereof, we have
observed previously. We plan to use this computational model to predict the
potential of S. aureus Prp to cleave the L27 of other bacterial species, such as
C. difficile (NLKNMNLQLL’AS…). Knowledge of the selectivity requirements
of S. aureus Prp has potent to aid future development of S. aureus-specific
antibiotics.
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HIGH-THROUGHPUT SCREENING IDENTIFIES A NOVEL NATURAL PRODUCT-INSPIRED
MOLECULE INHIBITING CLOSTRIDIOIDES DIFFICILE IN VITRO AND IN VIVO
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Clostridioides difficile is an enteric pathogen responsible for causing debilitating diarrhea, mostly in
hospitalized patients. The bacterium exploits on microbial dysbiosis induced by the use of antibiotics to
establish infection that ranges from mild watery diarrhea to pseudomembranous colitis. The increased
prevalence of the disease accompanied by exacerbated comorbidity and the paucity of anticlostridial drugs
that can tackle recurrence entails novel therapeutic options. Here, we report new lead molecules with potent
anticlostridial activity from the AnalytiCon NATx library featuring natural product-inspired or natural productderived small molecules. A high-throughput whole-cell-based screening of 5,000 synthetic compounds from
the AnalytiCon NATx library helped us identify 10 compounds capable of inhibiting the pathogen. Out of
these 10 hits, we found 3 compounds with potent activity against C. difficile (MIC= 0.5-2 𝜇 g/ml).
Interestingly, these compounds had minimal to no effect on the indigenous intestinal microbial species
tested, unlike the standard-of-care antibiotics vancomycin and fidaxomicin. The compounds were also able
to significantly reduce C. difficile sporulation and were nontoxic to Caco-2 cell line. Further in vivo
investigation using a murine model of C. difficile infection revealed 1 compound (NAT13-338148) that could
confer protection to 80% of the infected mice from the clinical challenges of the disease.
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IOX1 SUPPRESSES WNT TARGET GENE TRANSCRIPTION AND COLORECTAL CANCER
TUMORIGENESIS THROUGH INHIBITION OF KDM3 HISTONE DEMETHYLASES
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Epigenetic activation of Wnt/ꞵ-catenin signaling plays a critical role in Wnt-induced tumorigenesis,
notably in colorectal cancers (CRCs).[1] KDM3 and KDM4 histone demethylases have been reported to
promote oncogenic Wnt signaling through demethylation of H3K9 on Wnt target gene promoters and are
suggested to be potential therapeutic targets.[2, 3] However, potent inhibitors for these regulators are still not
available yet. In addition, which family is most responsible for activation of Wnt target genes and Wnt
induced oncogenesis is not well documented, specifically in CRC. In this study, we characterized the
functional redundancy and differences between KDM3 and KDM4 in regards to regulating Wnt signaling.
Our data suggests that KDM3 may play a more essential role than KDM4 in regulating oncogenic Wnt
signaling in human CRC. We also identified that IOX1, a known histone demethylase
inhibitor, significantly suppresses Wnt target gene transcription and colorectal cancer
tumorigenesis.[4] Mechanistically, IOX1 inhibits the enzymatic activity of KDM3 by binding to
the Jumonji C domain and thereby preventing the demethylation of H3K9 on Wnt target gene
promoters. Taken together, our data not only identified the critical mechanisms by which
IOX1 suppressed Wnt/ꞵ-catenin signaling and CRC tumorigenesis through inhibition of
KDM3, but also suggested that IOX1 may represent an attractive small molecule lead for
future drug design and discovery.[5]
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THE LANDSCAPE OF THE SKBR3 BREAST CANCER SURFACEOME AND ITS IMPACT ON
CANCER PROLIFERATION
Arba Karcini1,*, Iuliana Lazar1
1

Department of Biological Sciences, Virginia Tech, Blacksburg, VA, (USA)

akarcini@vt.edu
Breast cancer causes the most deaths among cancer diseases besides lung cancer in women in USA, and
HER2+ type cancers are among ones with the worst prognosis. Despite the availability of targeted therapies
against the HER2 receptor, the development of drug resistance enables alternate signaling pathways that
lead to tumor progression. The present study was aimed at characterizing the cell surface proteome of
SKBR3/HER2+ cancer cells by using orthogonal approaches for cell surface protein isolation and mass
spectrometry detection.
SKBR3 cells were cultured in the presence or absence of serum. The cell surface fraction was isolated
through the biotinylation of primary amines, biotinylation of oxidized glycans, and enzymatic shaving of the
cell surface proteins in the culture. The samples were analyzed by LC-MS using a QE-Orbitrap instrument
and data dependent acquisition. Only medium/high confidence proteins (FDR< 3%) with at least two
unique peptides were considered for downstream proteome characterization.
The cell-surface protein enrichment protocols were complementary and doubled the number of detectable
membrane proteins in the dataset (80 %) when compared to whole-cell proteomic profiling methods (~40
%). Over 1000 cell-surface proteins were detected, with hundreds being differentially expressed.
Surfaceome characterization was achieved through a database of >7000 proteins built in-house based on
information from curated databases and literature. Many of the identified cell-surface receptors (RTKs,
GPCRs, ion channels, and cell adhesion molecules) were involved in proliferative signaling pathways
and/or were reported as being tumor markers and drug targets. Detected integrins and ADAM family
members were found to have a role in altering the expression of HER2 receptors, transactivating EGFR,
and offering alternate pathways for proliferation.
Many of the SKBR3 cell surface proteins are part of biological pathways representative of the cancer
hallmarks. Their involvement in signaling cross-talk will support discovery efforts focused on identifying
targets for more effective disease treatment.
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Epithelial ovarian cancer kills ~14,000 women annually in the US with the most lethal form, high
grade serous ovarian cancer, frequently being refractory to or acquiring resistance to available therapies.
Therefore, new drug targets and therapies need to be identified and interrogated. The Protein Tyrosine
Phosphatases of Regenerating Liver-3 (PTP4A3 or PRL-3) is significantly upregulated in a variety of cancer
cell lines and human tumors, including ovarian cancer. We found high PTP4A3 expression was associated
with poor survival in ovarian cancer including high grade serous cancer. This survival difference appeared
independent of myc amplification and was more pronounced in advanced disease (stage III/IV). PTP4A3
mRNA levels were found to be 5-20 fold higher in several high grade serious ovarian cancer cell lines
compared nonmalignant ovarian epithelial control cells. We used a previously described potent, specific,
reversible, allosteric small molecule PTP4A3 inhibitor, JMS-053, along with five new analogs to further
investigate the chemical structural requirements for an inhibitor and to interrogate their cellular activity in
human ovarian cancer cells grown in 3-dimensional culture conditions. JMS-053 was more potent than any
of the new JMS-053 analogs in reducing high grade serious ovarian cancer cell spheroid survival assay. A
50% decrease in A2780 and OVCAR4 cell migration was also observed with 250 and 500 nM JMS-053,
respectively. Genetic deletion of PTP4A3 in OVCAR4 cells by CRISPR/Cas9 blocked IL-6-induced cell
migration and no further reduction in migration was seen with JMS-053 exposure in the PTP4A3 null cells.
JMS-053 also caused additive or synergistic cytotoxicity when combined with paclitaxel. These results
provide further evidence that PTP4A3 has an important role in progression of human ovarian cancer and
support the further development of JMS-053 a novel therapeutic agent.
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TARGETING FOSL1-SUPER-ENHANCERS SUPPRESSES METASTASIS OF HNSCC
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Previously, we discovered that FOSL1 facilitates the metastasis of head and neck squamous cell
carcinoma (HNSCC) cancer stem cells in a spontaneous mouse model.[1] However, the molecular
mechanisms remained unclear. Here, we demonstrated that FOSL1 serves as the dominate AP1 family
member and is significantly upregulated in HNSCC tumor tissues and correlated with metastasis of HNSCC.
Mechanistically, FOSL1 exerts its function in promoting tumorigenicity and metastasis predominantly via
selective association with Mediators to establish super-enhancers (SEs) at a cohort of cancer stemness
and pro-metastatic genes, such as SNAI2 and FOSL1 itself. Depletion of FOSL1 led to disruption of SEs
and expression inhibition of these key oncogenes, which resulted in the suppression of tumor-initiation and
metastasis. We also revealed that the abundance of FOSL1 is positively associated with the abundance of
SNAI2 in HNSCC and the high
expression of FOSL1 and SNAI2
levels are associated with short
overall disease-free survival.
Finally, the administration of the
FOSL1 inhibitor, SR11302,
significantly suppressed tumor
growth
and
lymph
node
metastasis of HNSCC in a
patient-derived-xenograft
model. These findings indicate
that FOSL1 is a master regulator
that promotes the metastasis of
HNSCC through a SE-driven
transcription program that may
represent an attractive target for
therapeutic interventions.
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IDENTIFICATION OF A DRUGGABLE CART RECEPTOR THAT MEDIATES MOTIVATED FEEDING
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In the United Stated, over 30 million people suffer from obesity and other eating disorders. However, limited
FDA-approved medications exist to treat these disorders by directly targeting the central nervous system
areas responsible for food motivation. In the late 90s, the orphan gene cocaine and amphetamine regulated
transcript (CART) was found highly expressed in limbic areas after psychostimulant exposure in both
rodents and humans [1, 2]. Recent accumulating evidence suggests that CART produces peptides that
affect multiple pathologies including obesity [3,4]. A single nucleotide polymorphism in the CARTPT gene
has been showed to be responsible for obesity phenotype in heterozygous individuals [5], and patients
expressing this mutation exhibit higher BMI scores and reduced metabolism rates compared with control
subjects [6]. In addition, CARTPT deficient mice show increased body weight and increased food intake
[7]. The aim of this study was to identify a receptor for the anorectic orphan neuropeptide (CART 62-102),
and to assess its role in motivated feeding behaviors. In order to achieve that we screened the neuropeptide
against the entire human GPCR-ome by using the PRESTO-Tango assay, and identified a target receptor
that was validated both in vitro and in vivo. Intracerebroventicular administration of CART 62-102 reduced
food intake and food motivation in male mice, and was reversed by treatment with a receptor antagonist.
To investigate the role in neuronal signaling, we evaluated the effect of CART 62-102 on neurotransmitter
release in the nucleus accumbens using in vivo microdialysis, as well as the effect on synaptic transmission
by using whole-cell patch-clamp slice electrophysiology. Collectively, the identification and validation of
CART 62-102 receptor will lead to novel druggable targets useful to treat eating disorders.
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Antibodies are the most used technological tool in histochemistry. However, their standardization
is difficult due to variation of biological systems as well as to variability due to the affinity and amplification
of the signal arising from secondary peroxidase detection
systems. In this article we combined two synthetic
aptamers to facilitate the standardization of a detection
protocol of protein markers in histological sections. The first
aptamer, a 50-base single-stranded DNA fragment, which
recognizes a PTEN tumor suppressor was combined to
another single stranded 18-base aptamer DNA fragment,
which forms a quadruplex structure guanine box. This
second aptamer recognizes and attaches a molecule of
hemin, increasing the catalytic capacity for the hydrogen
peroxide. We demonstrated that the correct structural
design of DNA combining an aptamer together with the
peroxidase-like DNAzyme allowed the detection of proteins
in histological sections. This is the first time that
reproducible results have been presented in histological
sections staining a cancer marker using a single-stranded
DNA molecule with dual function. This technology due to
its synthetic nature and its 1:1 antigen:enzyme ratio offers
a versatile tool for the quantitative and qualitative detection of proteins markers.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the cause of coronavirus disease 2019
(COVID-19), a pandemic that has resulted in nearly 3.1 M deaths, and more than 142.8 M confirmed cases
worldwide.1 There is an urgent need for novel drugs that target SARS-CoV-2 and other pathogenic
coronaviruses. The COVID-19 main protease (Mpro) plays a critical role in the viral life cycle by releasing
essential polypeptides for viral replication and transcription.2 Furthermore, Mpro has several distinguishing
characteristics that makes it an appealing candidate for drug development: 1) common among all members
of the Coronavirus family, 2) absent of closely related homologues in humans, and 3) a conserved active
site.3 The main objective of this study is to identify potent, oral small molecule inhibitors of Mpro activity to
prevent the devastating sequelae of severe COVID-19.
To design novel inhibitors of the SARS-CoV-2 main protease, we investigated the binding mode of the
recently reported α-ketoamide inhibitors of this enzyme.2 Following, we utilized in-silico screening to identify
168 peptidomimetic and non-peptidomimetic compounds that are high probability Mpro binding candidates.
The compounds were synthesized, and used for initial screening for their potential inhibition of Mpro using
Fluorescence Resonance Energy Transfer (FRET) assay. The study was conducted using the 3CL
Protease, MBP-tagged (SARS-CoV-2) Assay Kit (BPS Bioscience, #79955-2); and the fluorescence due to
enzymatic cleavage of substrate measured using BMG LABTECH CLARIOstar™, a fluorescent microplate
reader, with an excited/emission wavelength of 360 nm/460 nm, respectively. Twenty nine of the
compounds exhibited lower fluorescence compared to the positive control, indicating inhibitory activity, with
three of the compounds (MCP-212, MCP-221
and MCP-256; Figure 1) exhibiting over 50%
enzymatic inhibition. The data was plotted as
dose inhibition curves using variable
parameter nonlinear regression to calculate
the IC50 values.
An in-silico molecular docking simulation using
the SARS-CoV-2 Mpro crystal structure was
conducted to investigate on a molecular level the key binding residues at the active site, as well as the
possible binding modes and affinity of the lead inhibitors to inform targeted modifications of the most potent
inhibitors. Additionally, an in-silico study of the molecular properties and physicochemical profiles of the
compounds was performed to predict their pharmacokinetic properties and assess their suitability as
potential orally active drug candidates.
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SARS-CoV-2 emerged in 2019 as a devastating viral pathogen with no available preventative or treatment
to control what lead to the current global pandemic. The initial wave of activity in the early days of the
pandemic focused on development of vaccines, and rightfully so. However, we also need new therapeutics
to treat those who become infected with the ability to lessen the severity and mortality of the viral disease.
The continued spread of the virus and increasing death toll necessitate the development of effective antiviral
treatments to combat this virus and, perhaps, provide a platform for the creation of antivirals for new,
emerging viruses. We have been studying transition metal organometallic compounds for their antimicrobial activity against multi-drug resistant pathogens with some success1-4. In addition, parallel studies
show that these compounds are potentially safe for use in mammals – both in vitro and small animal studies.

With this background, we evaluated a new class of organometallic compounds as potential antivirals. We
demonstrated two rhodium complexes, coordinating with either 1,3-dicyclohexylimidazol-2-ylidene or
dipivaloylmethanato, have direct virucidal activity against SARS-CoV-2. Subsequent in vitro testing
suggested the dipivaloylmethanato complex was the more stable and effective complex and demonstrated
both compounds have low toxicity in Vero E6 and Calu-3 cells. The complexes under study are eminently
functionalizable holding the hope for tailoring them to have new anti-viral activity against new and mutated
viruses. The results presented here highlight the potential for organometallics as antivirals and support
further investigation into their activity.
1. DuChane, C. M., Karpin, G. W., Ehrich, M., Falkinham, J. O., & Merola, J. S. (2019). Iridium piano
stool complexes with activity against S. aureus and MRSA: it is past time to truly think outside of
the box . MedChemComm, 10(8), 1391–1398. https://doi.org/10.1039/c9md00140a
2. DuChane, C. M., Brown, L. C., Dozier, V. S., & Merola, J. S. (2018). Synthesis, Characterization,
and Antimicrobial Activity of Rh III and Ir III β-Diketonato Piano-Stool Compounds.
Organometallics, 37(4), 530–538. https://doi.org/10.1021/acs.organomet.7b00742
3. Karpin, G. W. W., Morris, D. M. M., Ngo, M. T. T., Merola, J. S. S., Falkinham, J. O., & Falkinham
III, J. O. O. (2015). Transition metal diamine complexes with antimicrobial activity against
Staphylococcus aureus and methicillin-resistant S. aureus (MRSA). Med. Chem. Commun., 6(8),
1471–1478. https://doi.org/10.1039/C5MD00228A
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SARS-CoV-2 emerged in 2019 as a
devastating viral pathogen with no
available preventative or treatment to
control what led to the current global
pandemic. The continued spread of the
virus and increasing death toll necessitate
the development of effective antiviral
treatments to combat this virus. In an
attempt to respond to the pandemic
quickly, there has been a push to
repurpose preexisting pharmaceuticals against SARS-CoV-2; however, most have not shown significant
benefit1, 2. Additionally, those that are effective, such as remdesivir, are susceptible to drug resistance3.
Therefore, discovering and utilizing antivirals that are not only novel and effective but also resilient against
the generation of resistance are critical for addressing the current pandemic and other emerging pathogens.
Metal-based agents, or metallodrugs, have increasingly become utilized in medicine to combat
antimicrobial and anticancer resistance. In particular, organometallic complexes comprised of noble metals
have shown to be robust and adaptable drug candidates due to the extensive structural variation and
diverse stereochemistry that arise from incorporation of unique ligand combinations, thus leading to a wide
variety of complexes that can be tailored to have a vast range of properties4. To this end, we evaluated a
new class of organometallic complexes as potential antivirals. Out of four candidates, our findings
demonstrate that two pentamethylcyclopentadienyl (Cp*) rhodium piano stool complexes, Cp*Rh(1,3dicyclohexylimidazol-2-ylidene)Cl2 (complex 2) and Cp*Rh(dipivaloylmethanato)Cl (complex 4), have up to
99% direct virucidal activity against SARS-CoV-2. Subsequent in vitro testing suggested that complex 4 is
the more stable and effective complex and demonstrated that both 2 and 4 have low toxicity in Vero E6 and
Calu-3 cells. The results presented here highlight the potential application of organometallic complexes as
antivirals and support further investigation into their activity.
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ELUCIDATING HEPARAN SULFATE – SARS-CoV-2 SPIKE GLYCOPROTEIN INTERACTION USING
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The 2019 novel coronavirus pandemic disease (2019-nCoV), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is proving to be one of the most dangerous viruses and there is
an urgent need for therapeutics that prevent and/or stop the infection. The spike glycoprotein (SgP) of
SARS-CoV-2 has been shown to bind to heparan sulfate proteoglycan (HSPG), a cell surface receptor that
facilitates viral entry. SgP is predicted to possess three potential sites for binding to HS; yet, the fine
structural detail of HS sequences binding to SgP remains unclear. We have utilized our in-house developed
dual filter, computational algorithm, called as Combinatorial Virtual Library Screening (CVLS), to identify
specific and non-specific HS sequences involved in SgP binding. We also added a molecular dynamics
(MD) arm to further ascertain the deductions of the CVLS technology. First, we studied an in silico library
of 93,312 HS/HP hexasaccharides (HS06s) against all three putative sites of GAG binding to SgP. The top
0.01% of sequences binding to all three putative sites were subjected to the additional rigorous genetic
algorithm-based docking runs in triplicate. The predicted poses of HS sequences were then analyzed using
two orthogonal parameters, including ‘in silico affinity’ (i.e.,
GOLD score) and ‘in silico consistency of binding’ (i.e., root
mean square deviation (RMSD)), as presented in our prior
works. Of the three sites, the receptor binding domain (RBD)
of SgP was found to be the preferred site of interaction.
Several HS06 sequences having high affinity and high
consistency of binding were identified. Detailed analysis of
these sequences revealed a ‘pharmacophore’ consisting of at
least two sulfate groups distributed at key positions on the
HS06 scaffold. MD simulations were then performed in the
presence of explicit water for >0.5 s. The results indicated
HS–SgP system is dictated by direct and indirect hydrogen
bonding interactions that yield high binding energy. The
results indicated that there is an element of selective
recognition of SgP by HS sequences, which may contribute
to pathogenicity of the virus, especially under conditions of
high expression of 3-O-sulfotransferases. More importantly,
the identification of the ‘pharmacophore’ will help design a
HS-based oligosaccharide, or a mimetic thereof, that antagonizes SARS-CoV-2 infection and spread.
Overall, rigorous application of CVLS combined with MD to the SgP–HS system led to detailed
understanding on the nature of HS recognition and origin of selectivity for therapeutic targeting.
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CREATION OF AN INDUCED HUMAN PLURIPOTENT STEM CELLS-DERIVED NEURON PLATFORM
FOR HIGH CONTENT SCREENING OF SMALL MOLECULE INHIBITORS OF SARS-COV-2 RBD
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The current ongoing SARS-CoV-2 pandemic has infected ~145 million people and has resulted in the death
of more than 3 million worldwide. Remarkably, ~40% of SARS-CoV-2 patients display neurologic symptoms
and in some instances brain damage. Consequently, a deeper understanding is required concerning the
neurological effects of SARS-COV-2 that could lead to the discovery of new therapeutic strategies. Human
induced pluripotent stem cell-derived (iPSC) neurons are attractive as a platform for neurological disease
modeling, but they have not been optimized for high throughput/content screening and drug discovery.
Therefore, we derived neuronal progenitor cells (NPCs) from the normal iPSC control lines, 7545-5b and
7753, using monolayer derivation methods to serve as precursors for subsequent maturation and use in
SARS-CoV-2 neurological model development. We accelerated the iPS neuronal maturation process by
culturing the neurons under physiological (5%) oxygen levels and by modifying the (1) underlying
extracellular matrix (i.e., poly-D-ornithine, laminin), and (2) medium composition and transition. Using these
changes, we shifted the expression of mature neuronal markers to 4 weeks post-differentiation which
coincided with the cessation of the proliferative burst which occurred between weeks 2 and 3 postdifferentiation. qPCR microarray and western blot data as well as single cell analyses showed that 4 week
iPS neuronal cultures were non-cycling with decreased expression of cyclin D1 and Ki67. Further
optimization of cell seeding density and incubations ameliorated edge effects associated with prolonged
cell culturing. Moreover, we confirmed the expression of the ACE2 receptor, which binds to SARS-CoV-2
spike protein subunit 1, by our matured iPSC-derived neurons using immunofluorescence. Subsequent
exposures of our iPSC-derived neurons to the SARS-CoV-2 receptor-binding domain (RBD) suggest that
the ACE2:SARS-CoV-2 RBD binding event elicits an inflammatory response. In summary, we have
developed conditions for the derivation of mature iPSC-derived neurons in 4 weeks, which are amenable
for use as a model system for SARS-CoV-2 binding to neurons.
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Of the eleven viruses on the World Health Organization’s priority pathogens list, seven, including
SARS-CoV-2, are known to rely on heparan sulfate (HS), a highly sulfated glycosaminoglycan, for viral
attachment and entry. Inhibitors of the HS-viral interaction have the potential to be broad-spectrum
inhibitors, offering (1) treatment for viruses without specifically-targeted antivirals, (2) treatment for viruses
which have developed resistance to their specifically targeted treatments, and (3) a rapidly deployable
treatment option in viral epi/pandemics. To date, HS-viral attachment inhibitors have utilized biopolymers,
inorganic polymers, and cationic organic and inorganic compounds. We recently published the anti-human
cytomegalovirus (HCMV) activity of substitution-inert polynuclear platinum complexes (PPCs), defined
platinum compounds with high positive charges, the ability to hydrogen bond, and inability to covalently
bond, decreasing their cytotoxicity. PPCs have previously been shown to bond electrostatically to HS via
formation of a sulfate clamp that is analogous to phosphate clamp-mediated interactions with DNA. Thus,
through this ‘metalloshielding’ PPCs have the ability to inhibit HS functions, including viral attachment as
demonstrated with HCMV.1 Current efforts are directed toward further exploring the spectrum of antiviral
activity. We have defined their anti-adenovirus activity and mechanistic studies are consistent with an
inhibition of viral attachment and/or entry. Collaborators have recently demonstrated activity of PPCs
against enterovirus A71 and human metapneumovirus.2 We now show that PPCs inhibit pseudotyped
lentivirus particle entry mediated by SARS-CoV-2 spike protein. PPCs offer an attractive alternative to
current antiviral compounds with the potential to target a broad spectrum of viruses that utilize HS for
attachment and entry.
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Traditional antiviral targets are intercellular. Heparan sulfate, a highly sulfated glycosaminoglycan,
is a promising extracellular target and has successfully been targeted by polynuclear platinum complexes
(PPCs) (1, 2, poster B07). PPCs are very promising broad-spectrum antivirals as they are to date effective
inhibitors of five viruses representing four distinct categories of viruses: enterovirus 71 (non-enveloped
RNA virus); metapneumovirus (enveloped RNA virus); adenovirus (non-enveloped DNA virus); human
cytomegalovirus (enveloped DNA virus), and SARS-CoV-2 (enveloped RNA virus). Such antiviral activities
are not unique to PPCs, but are an inherent property of the larger class of charged coordination
compounds (CCCs). Our recent efforts have centered on expanding the structure-activity relationships to
cobalt complexes, which have a long history of antimicrobial activity but limited mechanistic research.
Werner’s Complex has promising antiviral efficacy and, as a cationic coordination complex (CCC), has
hitherto unappreciated biological properties derived from its binding affinity to highly anionic biomolecules
such as glycosaminoglycans (GAGs) and nucleic acids (3). We have therefore begun to examine the
biological activities in a series of Co complexes. To examine SAR we have examined a series of
mononuclear cobalt complexes with positive charges ranging from +1 to +4 and examined antiviral efficacy
and compared affinity for GAGS and DNA. None of the mononuclear compounds display antiviral activity
against human cytomegalovirus, up to 200uM. However, dinuclear and tetranuclear complexes have
antiviral activity while maintaining a more favorable therapeutic index. The minimal requirements appear to
be a minimal 4+ charge and charge dispersion (more than one Co coordination unit). In the absence of
covalent bond formation, hydrogen bonding and electrostatic interactions of formally substitution-inert
coordination complexes with biomolecules may be sufficiently strong to affect their conformation and
function. The results to date will be summarized.
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Abstract
Tetrahydro-β-carboline 1 (also known as MMV008138) was
selected to be a member of the Malaria Box by virtue of its
potent growth inhibition of the malaria parasite Plasmodium
falciparum. The antimalarial action of 1 of this compound
was attributed to inhibition of the MEP pathway (which
produces essential isoprenoid precursors IPP and DMAPP)
based on the discovery that coapplication of IPP restored
normal parasite growth.1 Numerous analogs were prepared
and a clear SAR emerged, specifically that (1R,3S)configuration and 2ʹ,4ʹ-dihalogen substitution were critical
for activity.2,3 To search for new antimalarial compounds,
a generalized 3D pharmacophore derived from 1 and 92 analogs was developed. Using this
pharmacophore, a virtual ligand screen of the 5K compound Novartis antimalarial hit set was performed,
revealing the stereochemically-undefined tetrahydro-β-carboline (±)-2a. Our independent bioassay of this
compound confirmed activity, and we then undertook an “analog by catalog” campaign. Compound (±)-2b
emerged as another candidate, and we then prepared pure enantiomers, by resolution of the corresponding
amine precursors4 prior to N-acylation (configuration confirmed by X-ray crystallography). The (R)enantiomers of 2a and 2b proved to be potent against the drug-resistant Dd2 strain, with EC50 = 107 ±10
nM and 138 ± 11 nM respectively; good potencies were also seen against two other strains. Interestingly,
(S)-2a,b show a biphasic concentration response, leading to significantly higher EC95 values for parasite
clearance. Note that (R)-2a has low toxicity to three mammalian cell-lines (CC50/EC50 ratios ≥ 100) and
has a different mechanism of antimalarial action than (1R,3S)-1, since growth inhibition was not reversed
by co-application of IPP.5 Despite two Ro5 violations (MW and Log D), in vitro ADME-Tox and rat PK
analysis of (R)-2a were performed, and most indicators were favorable. Unfortunately, no efficacy was seen
after dosing at 40 mg/kg/day in a mouse model of malaria. In this talk I will describe the SAR of (R)-2a and
analogs and discuss possible reasons for the lack of oral efficacy.
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Malaria, a disease caused by the parasite Plasmodium, continues to be one of the deadliest diseases
worldwide. The WHO reported over 400,000 deaths in 2018, and over 1 billion people are at risk of infection.
Even though Artemisinin-based Combination Therapies (ACT) are current standard of care for malaria, the
emergence of drug resistance generates a constant need to develop and synthesize new drugs.
Tetrahydro-β-carboline acid (THβC) 1 has promising antimalarial properties; it was discovered by screening
the Malaria Box with the so-called IPP Rescue assay.1 This assay identified 1 (Figure 1) as inhibitor of the
MEP pathway, which produces essential isoprenoid precursors (IPP and DMAPP) in the malaria parasite
P. falciparum. Subsequent investigation revealed
that (1R,3S)-configuration and 2',4'- dihalogen
substitution were critical for the activity of this
compound,2,3 and that substitution of the C-ring was
not tolerated.4 To search for new antimalarial
structures, we constructed a generalized 3D
pharmacophore based on 1 and 92 of its analogs,
and used it for a virtual ligand screen (VLS) of the
13K compound hit set from which 1 had been
selected. This exercise identified TCMDC-140230, a
THβC (undefined stereochemistry) reported to have
nearly the same potency of 1. Synthesis of the
stereoisomers of 2 was accomplished via Pictet-Spengler reaction of (S)and (R)-7-methyl tryptophan methyl ester and 3,4-dichlorobenzaldehyde.
The individual stereoisomeric esters were converted to the corresponding
amides, but none of the stereoisomers of 2 were potent antimalarials (IC50
= 1,300 – 3,700 nM). However, a significant amount of oxidized byproduct
3 was observed in the synthesis of (1S,3S)- and (1R,3R)-2. This achiral βcarboline amide 3 (IC50 = 108 ± 7 nM) proved more potent towards
. Figure 2. 3 (40 mg/kg/day) has oral efficacy in P.
Pfalciparum than 1 and its toxicity was not reversed by co-application of
bergheiinfected mice. Infection on Day 0; dosed daily (Days 36),
IPP.5 Thus the antimalarial target of 3 is distinct from that of 1. Most
imaged before dosing on Days 3 and 5. CQ is chloroquine;
each
importantly, 3 at 40 mg/kg/day (oral) cured P. berghei malaria infection in
mouse infected with 103 iRBC.
mice (Figure 2). In this talk I will discuss the emerging structure-activity
Note: three of the vehicle-treated mic e died before Day 7.
relationship within this scaffold and outline remaining challenges to improve
drug-like properties.
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The bacterial type IV pilus (T4P) is a prominent virulence factor in many significant human pathogens, some
of which have become increasingly antibiotic resistant. Antivirulence chemotherapeutics are considered a
promising alternative to antibiotics because they target the disease process instead of bacterial viability.
However, a roadblock to the discovery of anti-T4P compounds is the lack of a high throughput screen (HTS)
that can be implemented relatively easily and economically. Here, we describe the first HTS for the
identification of inhibitors specifically against the T4P assembly ATPase PilB in vitro. Chloracidobacterium
thermophilum PilB (CtPilB) had been demonstrated to have robust ATPase activity and the ability to bind
its expected ligands in vitro. We utilized CtPilB and MANT-ATP, a fluorescent ATP analog, to develop a
binding assay and adapted it for an HTS. As a proof of principle, we performed a pilot screen with a small
compound library of kinase inhibitors and we identified quercetin as a PilB inhibitor in vitro. Using
Myxococcus xanthus as a model bacterium, quercetin was found to reduce its T4P-dependent motility and
T4P assembly in vivo. These results validated our HTS assay as effective in identifying PilB inhibitors. This
assay may prove valuable in seeking leads for the development of antivirulence chemotherapeutics against
PilB, an essential and universal component of all bacterial T4P systems.
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Enteropathogenic Escherichia coli (EPEC) is a major cause of infantile diarrhea worldwide. EPEC and
the closely related murine model of EPEC infection, Citrobacter rodentium, utilize a type III secretion system
(T3SS) to propagate infection.[1] Inhibiting or activating the T3SS with a therapeutic would treat the infection
without causing harm to commensal bacteria and would have lower selective pressure to form resistance
than traditional antibiotics. Studying modulation of the T3SS usually requires a BSL-2 laboratory
designation and eukaryotic host cells while giving no indication of mechanism of action.[1,2] We have
designed and developed a BSL-1 assay that does not require mammalian cell culture using an enzyme
carboxypeptidase
G2
(CPG2)
expression system in C. rodentium for
screening potential T3SS modulators.[3]
CPG2 was conjugated to the
secretion tag of an EPEC T3SS effector
protein, EspF, and expressed on a
pBAD plasmid under arabinose (ARA)
induction to allow for CPG2’s secretion through the T3SS. After secretion, CPG2 cleaves the yellow
substrate, Glu-CyFur (1), to release a purple and fluorescent CyFur (λex = 563 nm, λem = 610 nm, 2). To
validate this assay, we screened known T3SS inhibitors, including (-)-epigallocatechin-3-gallate (EGCG),
regacin, and aurodox.[4] We then screened multiple natural product libraries, upwards of 1,000 compounds
total. One important discovery was that the known quorum sensing inhibitor tannic acid (TA), a natural
product found in red wines, is a potent T3SS inhibitor with an IC50 of 0.65 ± 0.09 μM.[4]
The incomplete T3SS induction in our system allows us
Potential T3SS-Activating Compounds
a unique opportunity to observe T3SS activation. Multiple
100
compounds with similar structural characteristics (structures
50
not shown for IP purposes) were found to dose-dependently
0
increase the activity of the T3SS (representative compounds
-50
E3, F5, & F6. Left). These compounds also showed little to
-100
no cytotoxicity, increasing the likelihood of T3SS activation.
-150
Further experimentation to validate this result and determine
-200
their mechanism of action is ongoing.
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PRELIMINARY IDENTIFICATION OF NOVEL INHIBITORS FOR THE ASPERGILLUS FUMIGATUS
FLAVIN-DEPENDENT MONOOXYGENASE SIDEROPHORE A (SIDA)
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Aspergillus fumigatus is an opportunist fungal pathogen that is responsible for many pulmonary illnesses,
such as aspergillosis. While antifungal medications are currently on the market to treat A. fumigatus
infections, an increased mortality rate among immunocompromised individuals along with increasing drug
resistance drives the need for novel drug development.[1] A. fumigatus can grow in nutrient limited
conditions, such as a free iron-deficient human host, through the use of hydroxamate-containing
siderophores. Siderophores are iron-chelating compounds found in bacteria and fungi that scavenge free
iron from a host which are then used for pathogen growth and virulence. In A. fumigatus, the biosynthetic
pathway of the hydroxamate-containing siderophores requires the incorporation of N5-hydroxy-L-ornithine,
which directly contributes to coordination of sequestered iron molecules.[2] The enzyme siderophore A
(SidA) catalyzes this step of the biosynthesis (Scheme 1). SidA is a flavin-dependent monooxygenase that
because of its role in siderophore biosynthesis, has been identified as a valuable drug target for fighting A.
fumigatus infections. [3]
The use of product
detection assays for
high-throughput
screening
(HTS)
remains among the
most
sensitive
techniques to measure
changes in enzyme
Scheme 1. Reaction catalyzed by the enzyme SidA.
activity
when
screening large libraries of compounds. We have adapted the use of a modified Csaky iodine oxidation
assay[4] for high-throughput screening of compounds from two libraries: the DP-AntiInfection library
containing 663 compounds and the DP-FDA approved drug library containing 2,726 compounds. Initial HTS
of both the AntiInfection and FDA libraries identified fifteen compounds that may serve as candidate
inhibitors. These compounds are structurally similar, in that most are electron-rich heterocycles or large,
polycyclic compounds and have been implicated in treating other biological diseases. Future
characterization of these molecules will allow us to determine the kinetic parameters and modes of
inhibition, serving as a promising first step for determining novel inhibitors of SidA.
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IDENTIFICATION OF A NOVEL BINDING SITE ON BISPHOSPHOGLYCERATE MUTASE FOR
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Bisphosphoglycerate mutase (BPGM) is critical for the regulation of the hemoglobin allosteric
effector, 2,3-bisphosphoglycerate (2,3-BPG) concentration in red blood cells (RBCs), through its synthase
and phosphatase activities.[1,2] The phosphatase activity, which
leads to depletion of 2,3-BPG, is low and is activated by the
physiological effector, 2-phosphoglycolate (2-PG).[1,2] BPGM
activity and 2,3-BPG level contribute significantly to the
pathology of sickle cell disease (SCD) by exacerbating the
hypoxia-induced sickle hemoglobin (HbS) polymerization and
RBCs sickling.[3] The modulation of BPGM activity by inhibiting
the synthase activity and/or activating the phosphatase activity
to reduce 2,3-BPG concentration in RBCs has been proposed
as a potential approach to treat SCD.[3] Activating the
phosphatase activity with 2-PG has been shown to inhibit RBCs
sickling, although through a poorly understood mechanism.[3]
The purpose of this study is to elucidate the atomic basis of 2PG activation mechanism of BPGM phosphatase that can
provide valuable insight into the design of BPGM modulators for
potential SCD therapeutics. BPGM was co-crystallized with 2PG in the presence of 2,3-BPG, as well as with citrate, a known
BPGM phosphatase inhibitor. The crystallographic structural
results of BPGM in complex with 2-PG and 2,3-BPG showed the
binding of 3-PGA (the product of 2,3-BPG hydrolysis) at the active site of one monomer, and unexpectedly
the binding of 2-PG to the active site of the second monomer. The co-crystal structure of BPGM with citrate,
however, showed citrate binding to one active site per dimer. Interestingly, both co-crystal structures
revealed a novel binding site at the dimer interface; bound to 2-PG or citrate in the respective complexes.
Moreover, a conformational nonequivalence of the two monomeric active sites was observed as the active
site of one monomer was in a close or partially closed conformation, while the active site of the second
monomer was in an open conformation, with the residues at the entrance of the active site, including
Arg100, Arg116, and Arg117, and the C-terminus region disordered. We, therefore, propose that the binding
at the dimer interface induces negative cooperativity affecting the affinity of ligand binding at the second
active site. The crystallographic study findings suggest for the first time an allosterism or cooperativity
across BPGM monomers and reveal a new binding site to target BPGM for the treatment of SCD.
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Purpose. Pyruvate kinase (PK) plays an essential role in the final step of glycolysis, catalyzing the transfer
of phosphate from phosphoenolpyruvate (PEP) to adenosine diphosphate (ADP) to form pyruvate and
adenosine triphosphate (ATP), respectively. PK has four distinct isoenzymes in humans, including L, R,
M1, and M2 with different tissue specificities. The highly homologous L and R isoenzymes (PKLR) are
expressed by the gene PKLR. Erythrocyte PKLR has been implicated in several diseases. Activation of
PKLR reduces the levels of 2,3-Bisphosphoglycertae (2,3-BPG), which is an allosteric effector of
hemoglobin, as well as a critical contributor to sickle cell disease pathogenesis. Cancer cells rewire their
metabolism to promote growth, survival, proliferation, and long-term maintenance through increased
glucose uptake and fermentation to lactate. This phenomenon is known as the Warburg effect. Being a
crucial enzyme in the glycolytic cycle, PKLR inhibition has been shown to suppress the Warburg effect in
hepatocellular carcinoma (HCC). Therefore, finding both activators and inhibitors of PKLR have potential
uses as anti-sickling and anticancer agents, respectively.
Methods. A virtual screening campaign was initiated to identify potential allosteric modulators of PKLR
using AtomNet® technology, a unique artificial intelligence platform that applies deep convolutional neural
networks to drug discovery. Seventy compounds were obtained and tested for their modulating effects on
human PKLR. For the assay, the PKLR protein carrying an N-terminal His-tag was expressed in E. coli and
purified using a Ni-NTA column. The enzyme activity was determined at 37 °C by lactate dehydrogenase
(LDH)–coupled assay. This assay measures the change in UV/VIS absorbance at 340 nm due to the
oxidation of NADH by LDH in the course of converting pyruvate (the product of PKLR enzymatic reaction)
to lactate. The screening was performed at a 1 mM concentration of PEP (PKLR substrate). Promising
compounds were studied in more detail with different PEP concentrations (0.25-3.0 mM) to estimate kinetic
parameters and the potency of the compounds, including the Km, Vmax, IC50, and AC50.
Results. Several potential hits were found, including activators and inhibitors. The results will be presented.
Conclusions. PKLR is a potential target for both sickle cell disease and liver cancer. A virtual screening
campaign was carried out for allosteric modulators of PKLR. Seventy compounds were obtained and
assayed. Several of the compounds were found to be promising modulators of PKLR activity. More
experiments are ongoing to study the effect of these modulators on the PKLR activity and their potential
use to treat SCD and/or cancer using SCD blood and HCC cell lines.
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Today’s staggering opioid crisis is one of the most challenging public health emergency.[1] Nearly
450,000 people have died due to an opioid overdose from 1999-2018. Over 10 million Americans have
misused or currently misusing prescription opioids because of the euphoria side effects which are exerted
by mu opioid receptor agonism. Two million Americans suffer from opioid use disorders.[2] On the other
hand, over 20 million American adults are affected by daily pain. Therefore, besides developing more
effective treatments for opioid use disorders, the discovery and development of novel non-addictive
analgesics are the ultimate solution to end this opioid epidemic and prevent it from reoccurring. [1]
Kappa opioid receptor (KOR) and delta opioid receptor
(DOR) are pain targets void of abusive liability. From our recent
structure-activity relationship studies targeting these two receptors,
one compound, (2E)-N-[6𝜶-17-(cyclopropylmethyl)-3,14-dihydroxy4,5α-epoxy-morphinan-6-yl]-3-(3-furanyl)-N-methyl-2-propenamide
(NMF), was identified as a potent full agonist at both the KOR and
DOR in membrane-based and cell-based functional assays. Then,
NMF was evaluated in vivo and it exerted potent analgesia in mouse
warm-water tail immersion studies (ED50 = 0.037 (0.014 - 0.096)
mg/kg) via agonism at both the KOR and DOR (Figure 1). In
addition, NMF also demonstrated a low efficacy at the mu opioid
receptor, and its lack of abuse liability was confirmed in a rat selfadministration study. Furthermore, NMF showed no significant
inhibition on hERG, and the majority of compound remained intact
after 60 min-incubation in human liver S9. Taken together, NMF
could potentially be a safe and effective therapeutic agent for pain
management.
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MOLECULAR DYNAMICS SIMULATIONS INDICATE THAT 3-O-SULFATION INDUCES A UNIQUE
LOCAL TOPOLOGY IN THE HEPARAN SULFATE BIOPOLYMER
Samuel Holmes1,2, Balaji Nagarajan1,2, Umesh R Desai1,2,*
1

Institute for Structural Biology Drug Discovery and Development, Virginia Commonwealth University,
Richmond, VA
2
Department of Medicinal Chemistry, Virginia Commonwealth University, Richmond, VA
holmess@mymail.vcu.edu
Heparan sulfate (HS) is arguably one of the most structurally diverse biopolymers. It is comprised
of repeating disaccharide building blocks with varying glycosidic linkages, sulfation patterns, and chain
lengths, thereby yielding millions of unique sequences. Although sulfates can be installed at several
positions within a disaccharide, 3-O-sulfate of glucosamine has sparked interest because of its roles in
pathophysiology.[1] Why is this rare modification so important? We sought to understand these
phenomena by utilizing molecular dynamics (MD) simulations on a library of variably 3-O-sulfated HS
hexasaccharides (Figure 1). Using well-established parameters to assess structural and conformational
features,[3] we observed that 3-O-sulfation induces a unique “C-shape” conformation that is dependent
on the identity and ring
conformation of the uronic acid.
UA
UA
GlcNS6S
GlcA
X
More specifically, only those
GlcNS6S
sequences that harbor IdoA(1C4)
GlcNS6S3S
residues exhibited this behavior.
GlcNS3S
This major change in the
GlcNAc6S3S
geometry arises from the rotation
Res 7
Res 6
Res 5
Res 3
Res 2
of glycosidic bonds between
Res 4
IdoA and GlcN residues. This is
brought about by the repulsion
induced
because
of
the
Figure 1. Design of Hexasaccharide Library. X = GlcNS6S or
installation of the 3-O-sulfate
GlcNAc6S. UA = IdoA(1C4), IdoA(2SO), or GlcA. Res 1 (not shown)
group, which intiates the shape
= C1 hydroxyl of Res 2.
change that is further stabilized
by a preferential complexation of Na+ between two neighboring uronic acid residues. Overall, our work
leads to identification of a novel mechanism for formation of this unique conformer for 3-O-sulfated HS
sequences, which should help explain selectivity observed in HS-protein recognition.
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Mitochondrial uncouplers are small molecules that dissipate the proton motive force by depositing protons
from intermembrane space to the mitochondrial matrix independent of atpsynthase. This process results in
increased rates of cellular respiration and thus increased catabolism of nutrients.1 mitochondrial uncouplers
have shown therapeutic potential in treating multiple diseases including nonalcoholic steatohepatitis
(nash), neurodegenerative diseases, obesity, and diabetes.1-4 we previously reported a novel series of
[1,2,5]oxadiazolo[3,4-b]pyrazin-5-ol derivatives as mitochondrial uncouplers which exhibited great oral
bioavalability and liver exposure in mice. Notably, we reported the derivative shs4121705 which
demonstrated efficacy in a stam mouse model of nash without any noticeable off-target effects.3 we posited
that replacement of the pyrazine core for a pyridine would result in increased lipophilicity and therefore
potentially impact the in vitro and in vitro properties of the series. In this work we report that series of
[1,2,5]oxadiazolo[3,4-b]pyrazin-5-ol derivatives where 63 compounds were examined in vitro and in vivo
for uncoupling activity. We discovered that overall efficacy of this series was reduced compared to the
aformentioned series, yet demonstrated similar potency. We found that electron-withdrawing groups in the
2,5- position of the aniline ring exhibited the greatest efficacy over other structural isomers. Furthermore,
several of the derivative shm20519115 was tested in vivo and exhibited good oral bioavailability in mice
with ranges in cmax of 10-90 µm and t1/2 of 0.9 to >24 hours. In an obesity prevention study, mice fed
western diet and administered shm20519115 in food prevented fat mass gain by 59% when compared to
mice fed western diet (wd) only.
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Mitochondria are responsible for the generation of ATP by coupling nutrient catabolism of dietary
carbohydrates and fats with oxidative phosphorylation. Small molecules capable of shuttling protons from
the mitochondrial inner membrane space to the mitochondrial matrix, known as mitochondrial uncouplers,
make ATP production inefficient, eliciting the need for more nutrient oxidation. Uncouplers have shown
promise in treating metabolic diseases such as obesity, type 2 diabetes, ischemia-reperfusion injury, nonalcoholic fatty liver disease and neurodegenerative diseases. BAM15 has been shown to be an effective
uncoupler (EC50 = 0.27 μM) with a broad therapeutic profile. Whole cell plasma membrane
electrophysiology studies showed BAM15 elicited no change in cellular current, leaving the plasma
membrane unaffected, yet solubility and pharmacokinetics properties need to be improved. Herein, the
development of a new imidazole[4,5-b]pyrazine scaffold inspired in uncouplers BAM15 and 4,5,6,7tetrachloro-2-trifluoromethylbenzimidazole (TTFB) is presented. After the synthesis and screening of over
120 compounds, lead compound 865 exhibited good uncoupling activity and a broad therapeutic window
using an oxygen consumption rate assay. Pharmacokinetic properties were considerably improved with
t1/2 = 4.4 h and Cmax = 18.7 μM). Additionally, a solubility of 12.5 μM was obtained on a turbidity assay,
doubling that of BAM15. This series of compounds present promising candidates for future in vivo studies
to further explore metabolic disease therapeutics.
References
[1] Childress, E. S.; Alexopoulos, S. J.; Hoehn, K. L.; Santos, W. L. Small Molecule Mitochondrial
Uncouplers and Their Therapeutic Potential. J. Med. Chem. 2018, 61 (11), 4641-4655.
[2] Kenwood, B. M.; Weaver, J. L.; Bajwa, A.; Poon, I. K.; Byrne, F.L.; Murrow, B. A.; Calderone, J. A.;
Huang, L.; Divakaruni, A. S.; Tomsig, J. L.; Okabe, K.; Lo, R. H.; Coleman, G. C.; Columbus, L.; Yan,
Z.; Saucerman, J. J.; Smith, J. S.; Holmes, J. W.; Lynch, K. R.; Ravichandran, K. S.; Uchiyama, S.;
Santos, W. L.; Rogers, G. W.; Okusa, M. D.; Bayliss, D. A.; Hoehn, K. L. Identification of a Novel
Mitochondrial Uncoupler that does not Depolarize the Plasma Membrane. Mol. Metab. 2014, 3 (2), 114123.
[3] Beechey, R. B. The Uncoupling of Respiratory-Chain Phosphorylation by 4,5,6,7-Tetrachloro-2trifluoromethylbenzimidazole. Biochem. J. 1966, 98 (1), 284-289
[4] Wang, F.; Tran-Dubé, M.; Scales, S.; Johnson, S.; McAlpine, I.; Ninkovic, S. A Simple and Convenient
Two-Step, One-Pot Synthesis of Hetero-Imidazoles from Nitroaminoaryls Catalyzed by Ytterbium
Triflate. Tetrahedron Lett. 2013, 54 (31), 4054-4057.
[5] Zhou, Y.; Shen, G.; Sui, Y.; Zhou, H. Fe(OTf)3-Catalyzed Practical Synthesis of 2Trifluoromethylarylimidazoles from o-Arylenediamines and Hexafluoroacetylacetone. Tetrahedron Lett.
2016, 57 (30), 3396-3399
[6] René, O.; Souverneva, A.; Magnuson, S. R.; Fauber, B. P. Efficient Syntheses of 2Fluoroalkylbenzimidazoles and -Benzothiazoles. Tetrahedron Lett. 2013, 54 (3), 201-204.
Acknowledgements
Funding provided by Virginia Tech Department of Chemistry, Continuum Biosciences, Inc., and Virginia
Catalyst. JAS is supported by NIH training grant R25GM072767.

VirginiaDrugDiscoveryRx Virtual Poster Session, May 26-27, 2021
B19
SPHEROIDAL GROWTH INHIBITION OF A PANEL OF NCI-60 CELL LINES REVEALS SENSITIVITY
OF LUNG CANCER LINES TO SYNTHETIC, LIPID-MODIFIED, SULFATED GLYCOSAMINOGLYCAN
MIMETICS
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Cancer remains the leading cause of death today. A rare
tumorigenic subpopulation, called cancer stem-like cells
(CSCs), has been implicated in tumor relapse, metastasis,
and chemotherapy resistance. Agents that preferentially
inhibit CSC growth are likely to retard cancer relapse.
Previously, we developed a unique synthetic, nonsaccharide glycosaminoglycan mimetic (NSGM) called G2.2
as a selective inhibitor of colorectal CSCs1. The oral
bioavailability of G2.2 was poor (~3%), which led to the
design of cholesterol modified G2C, G5C and G8C (see
Figure). The purpose of this project was to assess some of
these analog NSGMs for inhibition of NCI-60 cell lines under
spheroidal growth and identify the best agents for further
studies. Specific cell lines were passaged as monolayer for no more than 10 passages at 75% confluency.
Spheroids were then grown in DMEM/F12 + B27 (CSC media) supplemented with EGF 10ng/ml, and their
morphology was assessed via phase contrast microscopy. After selecting the best plating density and
growth conditions, cells were plated for primary spheroids along with NSGMs (0.01→3000 μM) treatment.
Spheroids 50→150 μ were manually evaluated 3 to 5 days after treatment. Limiting dilution assay was
performed to measure spheroid-forming frequency (SFF), which was found to vary from 0.4% to 13.9%. Of
the cell lines tested, HT29 (colon) and NCI-H460 (lung) had highest SFF, while SF268 (brain) and 786-0
(renal) had least SFF. The IC50s for parent NSGM (G2.2) were 60±25 μM (NCI-H460; lung), 0.6±0.5 μM
(Hop-62; lung), 190±82 μM (NCI-H23; lung), 353±139 μM (NCI-H322M; lung), 3.9±2.7 μM (EKVX; lung),
515±223 μM (TK-10; renal), 0.8±0.5 μM (786-0; renal), 7.7±4.1 μM (ACHN; renal), 11.3±2.1 μM (UO-31;
renal), 298±136 μM (SF268; brain), 298±136 μM (MDA-MB-231; breast), 97±49 μM (HT29; colon), and
59±11 μM (HCT116; colon). IC50s for G2C were 0.5±0.4 μM (NCI-H460), 15±9 μM (NCI-H23), 26±13 μM
(HCT116). IC50s for G5C were 2.1±1.7 μM (NCI-H460), 0.5±0.3 μM (NCI-H23), and 36±30 μM (HCT116).
Overall, NCI-H460 (lung, high SFF) and 786-0 (renal, low SFF) were most sensitive to inhibition by G2.2
while SF268 (brain) and MDA-MB-231 (breast) were relatively resistant. Introduction of the lipid moiety
maintained anti-spheroid activity of G2.2 and in many instances enhanced the potency. Although G8C
remains to be studied, the anti-spheroid potency appeared to increase with length of the linker (2-carbon
to 5-carbon). The results also convey that SFF is unlikely to be a robust predictor of response to an NSGM.
This implies that other proteome/glycome biomarker(s) may be better predictors and need to be identified.
Finally, the efficacy of these NSGM analogs across a wider set of NCI-60 cell lines is necessary to develop
better understanding of selectivity and mechanism of action of NSGMs.
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DESIGN AND SYNTHESIS OF PROTEOLYSIS TARGETING CHIMERAS (PROTACS) FOR HUMAN CTERMINAL BINDING PROTEIN
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Human C-terminal binding proteins (CtBP1 and CtBP2) are transcriptional co-repressors of multiple
genes in the human genome, including tumor suppressor genes (Bik, Brca1, PTEN, and E-cadherin) and
oncogenes (MDR1 and Tiam1).[1] Both homologues of CtBP are overexpressed in many types of cancer
including breast (92%), ovarian (83%), and colon cancer (64%), specifically in cells that are able to evade
apoptosis.[2] Our laboratory has identified a lead inhibitor of CtBP, 2-hydroxyimino-3-phenyl-propanoic acid
(HIPP).[3][4] However, functional enzymatic inhibition of CtBP has limited anti-oncogenic effect in cells and
animal models, with an IC50 of 240 nM for enzymatic inhibition, and an IC50 of 4.12 mM for cellular
inhibition.[4] We predict that in vivo
degradation of CtBP with a PROteolysis
TArgeting Chimera (PROTAC) will have a
strong anti-oncogenic effect in vivo. Three
HIPP-based PROTACs were designed,
which varied the linker length and
composition. The point of attachment of
the linker to HIPP was chosen based on
the co-crystal structure of CtBP with HIPP
(PDBID: 4U6Q).[3] A modular synthesis
route to make these PROTACs was
designed using a Horner-WadsworthEmmons reaction and amide couplings as
key steps, along with standard protection,
deprotection, reduction, and oxidation
reactions and then executed in the
laboratory. HIPP-based PROTACs with
varying linker length and composition were
effectively synthesized and purified over 9 steps. Automated reversed phase-medium pressure liquid
chromatography (RP-MPLC) was successfully used to purify our HIPP-based PROTAC molecules in 100
mg quantities. Western blotting will be used to measure degradation of CtBP by the synthesized PROTACs
in HCT116 cells and the binding of the PROTACs to recombinant CtBP will be determined using ITC.
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X – RAY CRYSTALLOGRAPHY FACILITY
INSTITUTE FOR STRUCTURAL BIOLOGY, DRUG DISCOVERY AND DEVELOPMENT (ISB3D)
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The ISB3D X-ray Crystallography Facility is a Virginia Commonwealth University-supported resource that
is directed by Martin K Safo, PhD (msafo@vcu.edu) and managed by Faik N Musayev, PhD
(fmoussae@vcu.edu). The facility provides investigators equipment and resources for crystallographic
analysis of macromolecules and/or small molecules. It offers and operates as a full service core by
performing crystallization, X-ray diffraction data collection, processing, phasing, crystallographic
refinement, model building, and visualization. The structural data obtained by the core provides scientists
with a wealth of information, including but not limited to 3D-structures, biological functions, structure-based
drug design, ligand or DNA binding to protein, mutational effect of target macromolecules, or absolute
stereochemistry of chiral compounds. Available equipments include a state-of-the-art X-ray diffraction
system, consisting of MicroMax-007HF generator, VariMax-HF Arc Optics, Hybrid Photon Counter, Eiger
R 4M Detector, AFC11 Goniometer and Oxford Cobra Cryo-system. Other supporting resources are
Gryphon Crystallization Robot, Minstrel DT UV/CrystalMation –Gallery DT, CrystalTrack, XTAL 750,
Alchemist Liquid Handling System, Incubators, CrysCam Digital, Olympus SZ51 and Nikon SMZ-2T
Microscopes. Available services include:
Protein and Small Molecule Crystallization
●
Robotic nanoliter-scale screening of macromolecules
●
Monitoring crystal growth with Minstrel DT UV/Gallery imaging system
●
Optimization of conditions from crystal growth
●
Screening with known ligands
●
Co-crystallization or soaking of protein with ligands
●
Screening of protein-protein and protein-DNA/RNA complexes
●
Crystallization of small molecules (organic/or metallo-organic compounds)
X-ray Diffraction Data Collection and Structure Determination of small and macromolecules
●
Data collection, reduction, phasing, model building and structure refinement
●
Structure interpretation
●
Ligand binding analysis
●
Advice on medicinal chemistry
The facility is complemented by a variety of training mechanisms and services to enhance access and user
capability. In addition to providing service to the VCU community, we also offer crystallography services to
outside organizations, including academia, pharmaceutical and biotech companies, and private individuals.
Please contact us for your crystallographic and other structural biology service needs/or potential
collaborations.
Webpage:
https://isb3d.pharmacy.vcu.edu
https://isb3d.pharmacy.vcu.edu/media/structural-biology/resources/FacilityDescription.pdf
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TRANSITION METAL FREE TRANS HYDROBORATION OF PROPIOLONITRILES
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Vinylboronates are versatile synthetic intermediates that demonstrate utility in a variety of
transformations. [1-2] Efforts in our laboratory have been devoted towards the efficient and environmentally
friendly synthetic methods for the preparation of vinylboronates in the presence of various functional groups.
[3-5] Herein, we report the transition metal free trans hydroboration of propiolonitriles. The phosphine
catalyzed reaction proceeds regioselectively under mild conditions to afford the corresponding βborylacrylonitriles with 97% (E)-selectivity in up to 89% yield. The reaction is tolerant of various functional
groups and the utility of products is demonstrated in several transformations.
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SYNTHESIS OF 1,2,4-OXADIAZOLES FROM NHYDROXYBENZENECARBONIMIDOYL CHLORIDES UNDER MILD BASIC
CONDITIONS
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1,2,4- oxadiazoles are heterocyclic molecules which are considered as privileged scaffolds in medicinal
chemistry with variety of properties like analgesic, anti-inflammatory, anti-bacterial etc.1 Though there are
various methods to synthesize 1,2,4-oxadiazoles, these are limited by the use extreme conditions,
expensive activating reagents, uses metals, microwave etc.2-4 Therefore, a cost-effective method with
readily available reagents under mild conditions are desired. We report a method for the synthesis of 1,2,4oxadiazoles via the coupling of N-hydroxybenzenecarbonimodyl chlorides with benzonitriles with mild base
under metal-free, catalyst-free conditions. We demonstrate a wide-substrate scope with 28 examples
including precursor for Ataluren, a drug used for treating Duchenne muscular dystrophy with up to 91%
yield.
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REGIO- AND STEREOSELECTIVE COPPER CATALYZED -BORYLATION OF
ALLENOATES
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In the advancement of modern day medicine, boron has proved to be a modern day privileged scaffold
through the development of FDA approved boron based drugs. In the pursuit of novel boron therapeutics,
new synthetic strategies need to be employed as a method to attach boron. A highly efficient regio- and
stereoselective method for allenoate borylation has been developed. Using CuCl, bis(pinacolato)diboron,
and methanol, a variety of allenoates were borylated to the corresponding (E)--boryl acrylate in mild
conditions with up to 85% yields in 99>1 E/Z selectivity. The reaction was tolerant of functional groups on
the aryl ring including electron donating and withdrawing groups as well as alkyl substituents and
substituents on the ester fragment.
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Among the vaccines targeting SARS-CoV-2, mRNA based vaccines have shown very high efficacy. mRNAencoded immunogens are delivered in lipid nanoparticles (LNPs) for vaccines1. Our aim is to design LNPs
that increase the potency in terms of mRNA expression, immunogenicity and protection. These challenges
are achieved by increasing the potency in COVID-19 mRNA vaccines through the novel design of the lipid
nanoparticle by two means: 1) improve
ionizable lipid design and performance and 2)
produce more efficient lipid nanoparticles
through control of LNP assembly. The
efficiency of mRNA delivery by LNPs is
strongly influenced by ionization properties
like pKa2 of the incorporated lipid molecules in
the LNP. Commercial software (ACDLabs
Percepta) theoretically estimates the pKa of
ionizable groups in aqueous media to be in
the range of 8-9.5, which is 2-3 units higher than previously reported pKa’s3 of the LNPs containing the
ionizable lipid, as measured by the TNS dye-binding assay. We therefore synthesized water-soluble
analogues of five commercially available ionizable lipids to verify the software prediction by using a wellestablished NMR method to measure the pH-dependence of the 1H chemical shift of the terminal methyl
group protons4. By fitting the chemical shifts to the Henderson-Hassselbalch equation, we found the NMRdetermined pKa values agree with the theoretical pKa’s. The 2-3 unit drop in pKa from the NMR/software
measurement to the TNS measurement was theoretically modelled to be due to proton solvation energy
differences between the LNP and aqueous medium where protons partition to the aqueous phase
preferentially. This model can ultimately be used to elucidate LNP ionization properties for vaccineoptimized mRNA-LNP systems.
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A few articles suggested a negative correlation between the national bacillus Calmette–Guérin (BCG)
vaccination policy and the prevalence and mortality of COVID-19, with little to no data supporting their
theory.[1-4] We explored a large dataset to assess the linkages between BCG and COVID-19 mortality. To
overcome the limitation of previous studies, we accounted for potential confounding factors, including
social, economic, and demographic differences between countries and stages of the epidemic. With a
combination of statistical tests, we assessed, for country-level data, the effects and linkages of BCG
vaccination policy on COVID-19 mortality. After adjusting for confounding factors, several significant
associations between BCG vaccination and lower mortality rates were observed. We found that every 10%
increase in the BCG vaccination (i.e., percentage of vaccine coverage and years of vaccination deployment)
is associated with 10.4% fewer COVID-19 deaths. Based on our results, we were unable to reject the
association between BCG vaccination and COVID-19 mortality. Instead, the signals detected suggest a
protective effect of BCG on COVID-19 mortality, expressed as a negative correlation between these
variables. Nevertheless, the analyses are restricted to coarse-scale signals in an early stage of the
pandemic and should be considered cautiously. This study and others inspired at least 20 clinical trials of
BCG and COVID-19.
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PEG-POLYPEPTIDE BLOCK COPOLYMERS VIA RING-OPENING POLYMERIZATION OF NTHIOCARBOXYANHYDRIDES FOR DRUG DELIVERY APPLICATIONS
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Biodegradable polymers have been of recent interest due to the growing plastic pollution problem.
In addition, biodegradable polymers are of interest in drug delivery because they can degrade in the body,
making them useful if the by-products are non-toxic. Polyethylene glycol (PEG) is used widely in drug
delivery since it is FDA approved, hydrophilic, and has low toxicity.1 Polypeptides are natural polymers,
serving many functions in the human body, including as structural materials like collagen and in forming
channels and receptors in cell membranes.2 With these traits in mind, combining the functionality,
sustainability, and tunability of PEG and polypeptides into amphiphilic block copolymers could produce
biodegradable polymers with a variety of potential drug delivery applications. Here, methods to prepare
PEG-polypeptide amphiphilic block copolymers are described, using ring-opening polymerization of Nthiocarboxyanhydrides (sulfur analogs of the better-known N-carboxyanhydrides).
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SUPRAMOLECULAR TETRAPEPTIDE NANOSTRUCTURES REGULATE H2S RELEASE
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3School of Pharmacy, Shanghai Jiao Tong University, Shanghai, (CHINA)
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In proteins, a small change at the molecular level often led to a dramatic effect, such as one amino acid
changes position in sequence would further change the proteins folding structures, which in turn regulates
biological functions. For example, a pair of constitutional isomers, hormone-sensitive lipase (HSL), either
promotes or prevents lipid hydrolysis depending on the position of a serine and phosphoserine residue.[1]
Inspired by this natural phenomenon, we designed and fabricated three constitutional isomeric
tetrapeptides, which self-assembles under aqueous conditions into different nanostructures, nanoribbons
with different dimensions and nanocoils.[2] Each peptide, capped with acetyl group on the N terminus,
contains two glutamic acid residues (E) and two lysine residues functionalized with S-aroylthiooximes
(SATOs) (KS). SATOs degrade and release hydrogen sulfide (H2S), a biological signaling gas with
therapeutic potential, in response to cysteine. With the
same amount of SATO units in the peptides sequence,
nanocoil forming peptides exhibited a longer H2S
release profile and mitigated the cardiotoxicity of
doxorubicin more effectively than nanoribbons forming
isomers as well as common H2S donors. Additionally,
since the small changes are not limited to sequence, we
replaced the capping group from the acetyl group to a
bulky adamantyl group on KSKSEE and found another
asymmetric nanostructure, nanocrescents.[3] The
nanocrescent structure here also has an amino acid tolerance to the last position from the C terminus.
Further cell study indicated that nanocrescent-forming peptides can effectively reduce ROS levels in
macrophages.
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VirginiaDrugDiscoveryRx Virtual Poster Session, May 26-27, 2021
C05
METHOD FOR QUANTITATIVE ANALYSIS OF SULFATED & LIPIDIC MIMETICS OF
GLYCOSAMINOGLYCANS IN HUMAN PLASMA
Rawan M. Fayyad1,2, Daniel K. Afosah1,2, Umesh R. Desai1,2 *
1
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fayyadr@vcu.edu
Glycosaminoglycans are natural polysaccharides that have limited applications as therapeutics
because of their polydispersity and very high level of sulfation.1 To counter the limitations, fully synthetic
non-saccharide glycosaminoglycan mimetics (NSGMs), consisting of an aromatic backbone with key
sulfate groups have been developed.2 One promising NSGM designed and synthesized in the lab is G2.2
(see structure below), a potent and selective inhibitor of colorectal cancer stem cells (CSCs).3,4 However,
it possesses poor oral bioavailability, which led to the design
of several lipid modified analogs including G8C. This NSGM is
the first in the class of GAG mimetics that has both sulfate
groups as well as one cholesterol moiety at a specific position
(see structure). To evaluate its drug-like properties, a robust
and sensitive method for quantification of G8C from human
plasma was needed. First, a method for G8C analysis using
Waters’ AQUITY H-Class PLUS UPLC-MS instrument was
developed. The analysis was carried out using reversedphase ion-pairing liquid chromatography (RP-IP LC) using a
C18 column (1.7µm 2.1 x 50mm) by monitoring it at 265nm.
G2.2
G8C
The mobile phases studied included aqueous solutions of
acetonitrile containing hexylamine and hexafluoro-2-propanol at various flow rates. Calibration curve was
generated with standards of pre-defined concentrations of G8C. RP-IP UPLC-MS analysis using a flow rate
of 0.3 and 0.5 mL/min were found to provide good separation of G8C with retention times at 21 and 13
minutes, respectively. The method was linear over the range of 2.00-0.016 mg/mL with regression
coefficient of 0.99. The limit of detectability (LOD) was 0.0078 mg/mL, whereas the limit of quantitation
(LOQ) was nearly 3-fold higher. Next, method development for extraction, isolation, and quantification of
G8C from human plasma was pursued. Extraction of G8C from plasma was evaluated by precipitation of
plasma proteins with various organic solvents (ethanol, methanol, acetone, acetonitrile) and use of
proteolytic enzymes (actinase E). Of the various combinations possible, acetone yielded the highest
recovery of G8C (43%) from human plasma. The recovery of G8C increased as the proportion of acetone
increased with the optimal noted at 1:2 (plasma : acetone (v/v)). Enzymatic digestion in addition to organic
solvent precipitation did not significantly improve the recovery. Although the G8C recovery was not
quantitative (>90%), the RP-IP LC-MS method is expected to be very useful because the LOQ is much
higher than the typical usage of anti-cancer agent in human plasma (1.85 – 3.70 mg/mL). Overall, this work
has led to a method for human plasma sample preparation and analysis for quantifying G8C, which should
not help with assessing pharmacokinetic and other drug properties but also serve as the basis for
developing method for structurally similar sulfated and lipidic NSGMs.
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VIRGINIA TECH CENTER FOR EMERGING, ZOONOTIC, AND ARTHROPOD-BORNE PATHOGENS
(CEZAP)
Sarah Gouger, CeZAP Coordinator, sgouger@vt.edu
X.J. Meng, CeZAP Director, xjmeng@vt.edu
Infectious diseases are constantly emerging and re-emerging worldwide, causing immense threats to the
health of humans, animals, and plants. This is especially clear now as researchers tackle the COVID-19
pandemic. To meet this challenge, Virginia Tech has established the Center for Emerging, Zoonotic, and
Arthropod-borne Pathogens (CeZAP). The vision of CeZAP is to position Virginia Tech to become a national
and international leader in advancing transformative sciences and developing effective countermeasures
against emerging infectious diseases. CeZAP fosters and promotes a cohesive and synergistic
environment for interdisciplinary and collaborative research across the Virginia Tech campus and beyond
in the area of emerging, re-emerging, zoonotic, and vector-borne pathogens infecting humans, animals and
plants. At the Virginia Tech Center for Emerging, Zoonotic, and Arthropod-borne Pathogens is an
interdisciplinary and growing network of more than 110 Virginia Tech faculty from seven of Virginia Tech’s
Colleges: College of Agriculture & Life Sciences, College of Engineering, College of Liberal Arts & Human
Sciences, College of Natural Resources & Environment, College of Science, Virginia-Maryland College of
Veterinary Medicine, and Virginia Tech Carilion School of Medicine. The Center will help position Virginia
Tech to become more competitive in acquiring large center grants, program grants, and training grants
which typically require an extensive team of scientists from different disciplines.
CeZAP promotes cutting-edge research in all aspects of infectious disease such as development of
effective antimicrobial drugs and vaccines against important emerging, zoonotic and vector-borne
pathogens. CeZAP-affiliated faculty utilize state of the art technologies including Gene Drive and
CRISPR/CAS9 to generate infectious disease-resistant agriculture animals and mosquitos, study infectious
diseases transmitted from vectors (mosquito, tick, flea, etc.) to people such as Zika, Lyme disease, West
Nile, and from animals to people such as COVID-19, Hepatitis E, and Brucellosis, study aerosol
transmissions of deadly viruses including SARS-CoV-2 and influenza virus, and study environmental and
ecological impact of microbes. The CeZAP-affiliated faculty access to state of the art infrastructure including
BSL-2 and BSL-3 laboratory space, and animal models. With research expertise in 10 different thematic
areas, the faculty within CeZAP strives to translate fundamental research into tangible results such as
vaccines, antimicrobial drugs, intelligent infrastructure, and diagnostics that benefit the global society.
Consistent with Virginia Tech’s role as a leading land-grant university, CeZAP also works on important local
and state issues in infectious diseases, and serves the Commonwealth.
CeZAP has established an Infectious Disease Interdisciplinary Graduate Education Program (ID IGEP) to
train graduate students with a broad scientific perspective on infectious diseases. The ID IGEP provides
interdisciplinary research opportunities for graduate students to tackle complex problems facing infectious
disease research today. The ID IGEP currently accepts applications from prospective graduate students.
Interested individuals should contact CeZAP ID IGEP program co-directors Drs. Ann Stevens
<ams@vt.edu> and Dr. Kevin Edgar <kjedgar@vt.edu>.
CeZAP Contacts:
CeZAP website: https://infectiousdisease.fralinlifesci.vt.edu/
CeZAP Coordinator, Sarah Gouger, sgouger@vt.edu
CeZAP Director, X.J. Meng, xjmeng@vt.edu
Follow CeZAP
Twitter: https://twitter.com/VTCeZAP
Facebook: https://www.facebook.com/VTCEZAP/
Instagram: https://www.instagram.com/vtcezap/
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Fisher Scientific: Your one stop shop for all your Life Science needs
Veronica Porterfield, PhD
Life Science Specialist, Fisher Scientific
ThermoFisher Scientific, Charlottesville, VA, (USA)
veronica.porterfield@thermofisher.com
My name is Veronica Porterfield, and I am your Fisher Scientific Life Science Specialist covering the
whole state of Virginia. You can think of me as your technical resource specialist on products for cellular
research (cell culture, imaging, flow cytometry and antibodies), protein research (recombinant proteins,
ELISAs, multiplexing assays, western blots), genetic analysis (gene expression, end point PCR/qPCR,
real time PCR) and Disease Research (Immunology, Stem Cell applications, Developmental Bio and
Neuroscience). I work closely with your local Fisher Sales Representative to find solutions for your
research demands.
Fisher Scientific is your one stop shop for your scientific solutions—we work with major suppliers (Thermo
Scientific, Invitrogen, Applied Biosystems, Gibco, Cytiva (formerly GE), Millipore Sigma, BioTek, BD and
Corning) to offer the most comprehensive and differentiated portfolio of reagents, consumables and
equipment in the industry. Our product portfolio includes innovative technologies for chromatography,
molecular spectroscopy, fine and high-purity chemicals, cell culture and much more. I look forward to
learning about your research and connecting you with useful resources for all your laboratory and life
science needs.

Your Fisher Scientific Team:
Veronica Porterfield

Life Science Specialist

VA, MD & DC

Mary Kathryn Hoffman

Senior Sales Representative

VCU, University of Richmond

Yousef Elbanna

Sales Representative

UVA

Will Rinehart

Sales Representative

Virginia Tech, Radford University

Teresa Casella

Senior Sales Representative

ODU, EVMS, College of William & Mary

John Wright

Sales Representative

GMU, Howard University

Mike Wassem

Senior Sales Representative

JMU

Craig Eddleton

Regional Sales Manager

VA & MD
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THE NEXT GENERATION ORBITRAP EXPLORIS 120 MASS SPECTROMETER FROM THERMO
SCIENTIFIC
John Venesky
Account Manager, Scientific Research
Thermo Fisher Scientific, Richmond, VA, (USA)
john.venesky@thermofisher.com
It is with great pleasure that Thermo Scientific introduces the Exploris 120 mass spectrometer. Thermo
Fisher Scientific has developed a next-generation benchtop quadrupole-Orbitrap™ hybrid mass
spectrometer (Figure 1) designed to provide the productivity, operational simplicity and ruggedness
needed to accelerate your qualitative and quantitative analyses of small molecules and small proteins.

Figure 1. The next generation Thermo Scientific™ Orbitrap Exploris™ 120 instrument, a quadrupoleOrbitrap benchtop mass spectrometer
Features, benefits and technology of Orbitrap Exploris 120 Mass Spectrometer include:
Features

Benefits
High selectivity to resolve
analytes from matrix
interferences down to a few
mDa

Technology

Sub-ppm Mass Accuracy

Increased confidence in
molecular formula

EASY-IC Internal Calibrant
source

Easy-to-set up method

Pre-built method templates that
are fully customizable

Orbitrap Exploris Instrument
Control Software

Small footprint

Little lab space required

Size (30 × 21 × 28 inches)
(length × width × height

High Resolution

120,000 (FWHM) at m/z 200
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CONVERSION OF BIOTHERAPUTICS TO POWERED FORM FOR ENHANCED STABILITY
1
Aureli Demont1, Marco Meuri1, Debra Repko2,
1
2

BUCHI Labortechnik AG., Flawil, (Switzerland)
BUCHI Corp., New Castle, DE, (USA)

Repko.d@buchi.com
The stability of protein/peptide based drug formulations is known to be greater in the solid state
than in the liquid state. A solid formulation offers the advantages of higher stability at ambient storage
temperature and thereby often removes the necessity for cold chain storage and transportation. Many
protein/peptide based drugs are prepared as solid dosage forms by freeze-drying or spray drying.
Freeze drying or lyophilization is a very well-established dehydration process for preparing
biopharmaceuticals. It is typically performed with the product directly filled in the final container and gives
a high-quality dry cake with a high porosity that enables quick reconstitution of the liquid form when needed.
Freeze-drying formulations are best suited when no further processing is required after drying and are
therefore commonly delivered parenterally by subcutaneous or intramuscular route after being reconstituted.
Lately, research on powder-based methods for protein delivery has increased. Even though very wellknown in the industry, lyophilization is not a direct particle formation method and would require additional
procedures to break the cake into smaller particles. Spray drying on the other hand is an elegant one-step
process to produce a powder with unique particle characteristics from a biopharmaceutical formulation.
Even though high temperatures are applied during the process, most of the energy is used to evaporate
the liquid and the actives will not be subjected to excessive temperatures. When appropriate formulation
strategies are used to minimize the effect of heat and drying on the biomolecules, spray drying is an
effective, well-established research and production tool to obtain powders of proteins and peptides
formulation opening the door to a wider scope of deliver methods.
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CMS ANALYSIS OF UNIFORMLY 13C-LABELED AMINO ACIDS TO IDENTIFY AUTHENTIC
THERAPEUTIC DRUGS AND PROTECT AGAINST COUNTERFEITS
Daniel Eikel1, Chris Beecher2, Simon J Prosser1
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Counterfeit drugs are a significant health risk to consumers and an economic burden to the
pharmaceutical industry. A novel strategy for the unique serialization of genuine drugs can be
achieved by addition of uniformly 13C labelled amino acids (AA) with highly patterned isotopic m/z
signals.[1,2] Isotopic ratio outlier analysis (IROA) utilizing compact mass spectrometry (CMS) is a simple and
cost effective analysis approach (Figure 1). Uniformly 13C labeled glutamine and cysteine were selected
as GRAS compliant amino acids. 2-200 μL sample was injected onto an Intrada Amino Acid 100 mm x 3
mm column (Imtakt USA, OR) with the following LC gradient settings: 0-3 min at 5 %B; 3-20 min from 5 to
95 %B; 20-22 min from 95 to 5 %B; 22-25 min at 5 %B, with Solvent A (acetonitrile with 0.1 vol% formic
acid) and Solvent B (100 mM ammoniumformate) at a total flow rate of 500 μL/min. The expression CMS
was operated in scan mode from m/z 120 to 250 with a scan time of 300 ms or in SIM mode with m/z 147.1,
148.1, 149.1, 150.1, 151.1, 152.1 for Glutamine and 241.1, 242.1, 243.1, 244.1, 245.1, 246.1 and 247.1 for
Cysteine (as oxidized Cystine) at dwell times of 50 ms and span of m/z 0.3 each. Relative abundance ratios
are defined by the uniformity of the label and the mixture ratio of the two
batches of e.g. Glutamine and can be used to serialize tablets by various combinations. Initial studies of
different enrichment levels suggest that LC/CMS can distinguish 5% different enrichment levels which
would translate into millions of serialization steps based on 20 amino acids and 20 enrichment levels.
References
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Advion, Inc. was founded in 1993 based on the novel techniques developed within the Cornell
University laboratory of Dr. Jack Henion, a leading researcher in the field of Liquid Chromatography/Mass Spectrometry (LC/MS). The company’s vision was to become a leading provider of
bioanalytical contract services to the pharmaceutical industry, a position it attained prior to the
sale of its contract drug development laboratory business to Quintiles. Pioneers within the industry, Advion offers a variety of mission critical systems and consumables for life science research.
With sales and support offices in North America, Europe, and Japan, Advion is a global company
with customers in all of the top pharmaceutical companies, government life science research
agencies and universities. Advion continues to expand its diverse portfolio of innovative microfluidic and mass spec – based products for the life science industry.

Our Misson
To excel as innovators of purpose-built products that improve workflows for the life science industry
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BÜCHI Labortechnik AG
For 80 years BUCHI is a leading solution provider in laboratory technology for R & D, quality
control and production worldwide.
We serve a wide range of industries such as pharmaceuticals, chemicals, food & beverage,
feed, environmental analysis and academia.
Solutions for numerous applications: Our solutions for laboratory, industrial and parallel
evaporation, spray drying, melting point, preparative chromatography, extraction, distillation
& digestion, dumas and near infrared spectroscopy meet the highest needs of our demanding customers around the globe.
Core messages to our customers: “Quality in your hands” is the guiding principle that
shapes our philosophy and our actions. It challenges us to provide outstanding services that
are precisely tailored to the needs of our customers and offer clear added value.
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Spun out of the University of Pittsburgh and University of Virginia, KeViRx, Inc. focuses on the
development of novel anticancer small molecules.
Current lead candidate, KVR053, is an allosteric PTP4A3 phosphatase small
molecule inhibitor that has potent activity in cell-based models of ovarian cancer.
KVR053 also displays anti-tumor activity in in vivo models of ovarian cancer.
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This Symposium is designed to promote
collaborations between academic and
industrial drug discovery scientists, and
includes keynote lectures from leading
researchers, panel discussions, and
poster presentations by scientists from
around and beyond the
Commonwealth
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