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THE VIRGINIA TECH CENTER FOR DRUG DISCOVERY SCREENING LABORATORY
Nancy Vogelaar*1, Pablo Sobrado1, Michael Klemba1, and Paul Carlier2
1

Department of Biochemistry and Virginia Tech Center for Drug Discovery, Virginia Tech, Blacksburg, Virginia,
(USA)
2
Department of Chemistry and Virginia Tech Center for Drug Discovery, Virginia Tech, Blacksburg,
Virginia (USA)
nancy.vogelaar@vt.edu
The Virginia Tech Center for Drug Discovery operates a laboratory for high-throughput screening that is
available to Virginia Tech researchers. The facility can provide assistance adapting assays to a high-throughput
format, running screening experiments, analyzing screening results, as well as providing letters of support for grant
applications involving screening. The lab is approved for BSL2-level experiments.
A number of compound libraries are available to researchers including a library of FDA-approved drugs, a
unique transition-metal complex library developed by Dr. Joe Merola, a brominated-fragment library, a
kinase-targeted library, two natural-products libraries, and libraries designed to maximize structural and chemical
diversity. In total, the laboratory has over 43,000 compounds available for testing in biochemical and cell-based
assays.
The laboratory instrumentation includes a robot capable of high-accuracy plate-to-plate transfers and plate
replication, various liquid dispensers, and a plate washer that can be used on loosely-adherent cells and biofilms.
Assay results can be determined using UV-Vis absorbance, fluorescence, time-resolved fluorescence, fluorescence
polarization, and glow luminescence.
For more information about the laboratory or to discuss a screening project, contact the lab at
540-231-3525.
Acknowledgments: We thank the Fralin Life Sciences Institute at Virginia Tech, the Virginia Tech College of
Science, and the Virginia Tech College of Agriculture and Life Sciences for Financial Support.
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DEVELOPMENT OF A HIGH-THROUGHPUT DRUG SCREEN TO IDENTIFY ENHANCED AND
SPECIFIC THERAPEUTICS TO TARGET AND ERADICATE BORRELIA BURGDORFERI, THE
CAUSATIVE AGENT OF LYME DISEASE
Maegan Gabby1,2,*, Brandon L. Jutras1,2
1
Department of Biochemistry, Virginia Tech, Blacksburg, VA, (USA)
2
Fralin Life Sciences Institute, Blacksburg, VA, (USA)
maegang@vt.edu
The current therapeutic regimen for Lyme disease, the most prevalent vector-borne illness in the United States,
constitutes an aggressive treatment of nonspecific antibiotics, such as doxycycline. These drugs are associated with
harmful patient side effects such as severe gastrointestinal implications and are known to severely disrupt the human
gut microbiome. Additionally, upwards of 20% of individuals diagnosed with Lyme disease are still symptomatic six
months after receiving treatment1, further illuminating the need for enhanced therapeutics. B. burgdorferi has a
highly unique growth pattern in that the cell elongates through the synthesis of peptidoglycan at distinct zones that
are spatially and temporarily regulated.2 We hypothesize that more effective therapeutics exist but have yet to be
discovered due to a lack of high-throughput screening techniques. Here, we developed a high-throughput screening
methodology to quantify and identify changes in B. burgdorferi mode of growth upon drug treatment. We
investigated 467 unique FDA-approved drugs to analyze their potential efficacy against eradicating B. burgdorferi in
vitro. Microtiter growth assays, coupled with quantitative microscopy using HADA, a fluorescent tracer that
monitors peptidoglycan biogenesis, identified top performing compounds. By taking advantage of chemical probes,
we were able to define the mechanism that underlies the specificity of the efficacious candidates. At ranges up to 45
times less than the effective concentration of doxycycline used to treat Lyme disease, we identified several antibiotic
drugs from the beta lactam, cephalosporin, macrolide, and tetracycline classes that demonstrated deleterious effects
on B. burgdorferi cell growth, survival, and morphology. Importantly, the same concentration of compounds had
little to no effect on the growth of numerous other bacteria tested. Minimum inhibitory concentration calculations, in
conjunction with colony forming, and live infection studies identify new candidate compounds to specifically and
effectively treat Lyme disease.
References
1. Aucott, John N. et al., 2022. “Risk of Post-Treatment Lyme Disease in Patients with Ideally-Treated
Early Lyme Disease: A Prospective Cohort Study.” International Journal of Infectious Diseases 116:
230–37.
2. Jutras, Brandon L. et al., 2016. “Lyme Disease and Relapsing Fever Borrelia Elongate through Zones
of Peptidoglycan Synthesis That Mark Division Sites of Daughter Cells.” PNAS 113(33).
https://www.pnas.org/doi/10.1073/pnas.1610805113#sec-4.
The research was funded from grants obtained from the National Institutes of Health, the Bay Area Lyme
Foundation, and the Steve and Alexandra Cohen Foundation.
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A LARGE-SCALE SCREEN OF β-LACTAMS TO IDENTIFY NOVEL THERAPEUTICS FOR
TREPONEMA PALLIDUM, THE SYPHILIS SPIROCHETE
Kathryn A. Hayes 1,4, Julianne M. Dressler1, and Brandon L. Jutras1,2,3,4,5*
1
Department of Biochemistry, Virginia Tech, Blacksburg, VA (USA)
2
Fralin Life Sciences Institute, Virginia Tech, Blacksburg, VA (USA)
3
Molecular and Cellular Biology, Virginia Tech, Blacksburg, VA (USA)
4
Translational Biology, Medicine, and Health, Virginia Tech, Blacksburg, VA (USA)
5
Center for Emerging, Zoonotic and Arthropod-borne Pathogens, Virginia Tech, Blacksburg, VA (USA)
akahayes@vt.edu
Treponema pallidum, the causative agent of syphilis, has been treated with, and remained sensitive to, Penicillin
since its initial discovery. The large disparities in efficacy between Penicillin and other drug classes indicates
peptidoglycan synthesis as the most plausible target for inhibiting T. pallidum growth. Due to previous inability to
culture this bacteria, little work has been done to identify β-lactams that rival the efficacy of Penicillin nor to
understand why peptidoglycan synthesis is such a vulnerable process in bacterial growth. In this study we performed
a screen of almost 100 β-lactams to determine efficacy in vitro. In addition, we utilized microscopy techniques to
characterize peptidoglycan incorporation and synthesis. This will allow us to analyze how β-lactams dysregulate
peptidoglycan synthesis in T. pallidum. This is the first major drug screen to identify new therapeutics effective
against T. pallidum growth in vitro. Our findings also provide candidates for future clinical investigation.
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TRIAZOLYL CONTAINING PLEUROMUTILIN DERIVATIVES AS BENCHMARKS FOR FURTHER
CONJUGATION.
Logan M. Breiner1, Roman P. Slowinski1, Cole Gannett1, and Andrew N. Lowell 1,*
1
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, (USA)
lmbreiner@vt.edu

Pleuromutilin and its thioether derivatives have found use in veterinary medicine and as topical antibiotics recently
approved by the FDA. These derivatives show enhanced pharmacodynamic and pharmacokinetic properties over
the parent compound, namely slow resistance development and improved water solubility.1 In the present work,
azidation strategies have been employed to provide convenient azide handles for rapid diversification using click
chemistry. Utilizing green, click-chemistry conditions, and commonly available alkynes, the pleuromutilin azides
can be regioselectively transformed into a diverse array of 1,4-disubstituted triazole counterparts. Triazole
functionalities confer improved pharmacokinetic properties2 and may increase binding affinity to the bacterial
ribosome. Twenty-two such compounds have been generated in yields from 26-99%, and their MICs against various
pathogens established via broth dilution assays. While 22-triazolyl derivatives retained some of the activity of the
parent antibiotic, 20-triazolyl derivatives proved ineffective. Current work is focused on the continuation of these
previous findings: 1. The synthesis of conjugates at the C22 position, with a focus on polyether linked pleuromutilin
and blasticidin S conjugates, and 2. The creation of 12-epi-20-triazolyl derivatives, which will inform the creation of
future conjugates of these compounds.
1.
Paukner, S.; Riedl, R., Pleuromutilins: Potent drugs for resistant bugs—Mode of action and resistance. Cold
Spring Harb. Perspect. Med. 2017, 7 (1), a027110.
2.
Jain, A.; Piplani, P., Exploring the chemistry and therapeutic potential of triazoles: A comprehensive
literature review. Mini-Rev. Med. Chem. 2019, 19 (16), 1298-1368.
We would like to acknowledge and thank CeZAP ID IGEP for the ID IGEP Fellowship awarded for SSI 2021.
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UNNATURAL MATERIALS FOR A NATURAL PRODUCT: SYNTHETIC DISCOVERIES OF
SPARSOMYCIN
Jacob Chappell1, Owen Beck1, and Andrew Lowell 2,*
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, (US)
jchappell@vt.edu
As we near the end of the second year of the COVID-19 pandemic, scientists continue to monitor threats of the next
big superbug. Bacterial resistance consistently ranks as one of the top causes of deaths worldwide.1 As chemists,
developing novel antibiotics to combat the rising resistance is a key component to battling resistance. Natural
products offer a wide array of scaffolds to use as antibiotics.2 Looking at sparsomycin specifically, taking a
disconnection approach to synthesize the aminonucleoside in as few steps as possible, utilizing clever substrate
development in the process.3-4
1.
Naghavi, M., Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis. The Lancet
2022, 399 (10325), 629-655.
2.
Newman, D. J.; Cragg, G. M., Natural Products as Sources of New Drugs over the Nearly Four Decades
from 01/1981 to 09/2019. Journal of Natural Products 2020, 83 (3), 770-803.
3.
Hwang, D. R.; Helquist, P.; Shekhani, M. S., Total synthesis of (+)-sparsomycin. Approaches using cysteine
and serine inversion. The Journal of Organic Chemistry 1985, 50 (8), 1264-1271.
4.
Urdaneta, N. A.; Herrera, J. C.; Salazar, J.; López, S. E., Hydrochlorination of 2,3-Acetylenic Acids with
Thionyl Chloride in Dimethylformamide. Synthetic Communications 2002, 32 (19), 3003-3009.
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BLASTICIDIN S AS A LEAD FOR NEW ANTIBIOTICS TO FIGHT ANTIMICROBIAL RESISTANCE
Cole Gannett1, Logan Breiner1, Andrew Lowell1*
1
Department of Chemistry, Virginia Tech, Blacksburg, Virginia, (US)
cgannett@vt.edu
Antimicrobial resistance has been declared one of the top 10 global public health threats facing humanity.1 In the U.S.
alone, there are more than 2.8 million antibiotic-resistant infections and more than 35,000 deaths as a result of these
infections each year and the occurrence of resistance is still increasing.2 The rate with which bacteria develop
resistance to clinical antibiotics is staggering, with the development of resistance mechanisms within the first year of
introduction to the public in some cases.3 Despite the global health threat and increase in resistance, new antibiotic
discovery has drastically declined in the last
few decades.4
Blasticidin S (BLS, 1) is a broad-spectrum
antimicrobial natural product.5 It targets the
ribosome and is equally toxic to prokaryotes
and eukaryotes. It was never developed for
clinical use, likely due to its toxicity to
mammals. In an effort to develop new
antimicrobials, we have focused on this
Figure 1. Ester derivatives of blasticidin S with purified yields.
forgotten antibiotic to see if the specificity for
bacteria over eukaryotes can be increased
through semi-synthetic derivatization. Semi-synthetic derivatization commenced with production of various ester
derivatives (Figure 1). Preliminary data suggests that some of the ester derivatives may be more active against
pathogens such as P. aeruginosa (prokaryote) than BLS and less active against C. albicans (eukaryote) than BLS.
The ester derivatives can also serve as model
compounds for bidentate antibiotics in which
BLS is linked to another antibiotic through
the ester. Bidentate antibiotics are compounds
that consist of two antibiotics covalently
linked through a flexible linker that allow
simultaneous binding of the two component
antibiotics. The pleuromutilins bind close to
blasticidin S and are potential candidates for
bidentate linkage. The BLS 4-pentynyl ester
(9) has been covalently linked to 22azidoplueromutilin (14) as proof-of-concept
Figure 2. Proof-of-concept click reaction between 22-azido pleuromutilin (14) and 4for linking these antibiotics together with
pentynyl BLS (9).
click chemistry (Figure 2). Future work
includes rational design of linkers based on binding sites and the distance between them, as well as probing other
functional groups for potential linker installation. Will these bidentate scaffolds prove more effective than the parent
antibiotics? How will current resistance mechanisms affect these compounds? We seek to answer these questions in
the hopes that it will help us combat antimicrobial resistance.
[1] Antimicrobial Resistance. https://www.who.int/news-room/fact-sheets/detail/antimicrobial-resistance
[2] Biggest Threats and Data. https://www.cdc.gov/drugresistance/biggest-threats.html
[3] About Antibiotic Resistance. https://www.cdc.gov/drugresistance/about.html
[4] Conly, J.; Johnston, B., Where are all the new antibiotics? The new antibiotic paradox. Can. J. Infect. Dis. Med.
Microbiol. 2005, 16 (3), 159-160.
[5] Takeuchi, S.; Hirayama, K.; Ueda, K.; Sakai, H.; Yonehara, H., Blasticidin S, a new antibiotic. J. Antibiot., Ser.
A 1958, 11, 1-5.
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DERIVATIZATION OF TETRACYCLINE FOR THE FORMATION OF BIDENTATE ANTIBIOTICS AND
2-PYRONE-6-CARBOXYLIC ACID FOR INCORPORATION IN TRICYCLIC SYSTEMS
Suzzudul Islam Shuvo1, Zachary Kohanov1, Andrew Lowell 1*
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, (USA)
alowell@vt.edu
suzzudulislam@vt.edu
Aureomycin, the first tetracycline, was discovered in 1940 and got approval from FDA in 1948 for it’s activity
against a broad range of gram-negative bacteria. But shortly after the discovery of Aureomycin, it’s resistant
microorganism was also found, and the resistance against the known tetracycline antibiotics soon followed. To help
Tetracycline fight the battle against resistance, many attempts were taken to derivatize it semisynthetically, which
yielded second and third-generation Tetracycline like Doxycycline and Tigecycline. We are trying a novel approach
to derivatizing Tetracycline, by pairing it up with another antibiotic targeting nearby sites in the ribosome, so that it
can have a double-sided attack on bacterial ribosome, thus better activity and long-lasting shield against resistance.
Tetracycline is a fairly polar molecule and sparingly soluble in commonly known organic solvents and water, so the
first part of the project is protecting the polar groups of the lower peripheral region. Second step is to derivatize it (
in the amide position using a Mannich-like reaction1-5 and in the 7 and 9 positions using EAS reaction6-8) so that a
linker can be attached, and deprotecting the polar groups, then testing it for antimicrobial activities. The third step is
to choose a suitable partner based on the distance between the binding sites of the two and predict it’s activity based
by computational studies. Finally, the two antibiotics will be linked and the chimeric antibiotic will be tested for
antibiotic activity.
References
1.
Gilmer, J.; Ledwidge, M.; McDonald, K.; O'flynn, P., Compounds for treatment of heart failure. Google
Patents: 2017.
2.
Meretoudi, A.; Banti, C. N.; Siafarika, P.; Kalampounias, A. G.; Hadjikakou, S. K., Tetracycline Water
Soluble Formulations with Enhanced Antimicrobial Activity. Antibiotics 2020, 9 (12), 845.
3.
Sriram, D.; Yogeeswari, P.; Senchani, G.; Banerjee, D., Newer tetracycline derivatives: Synthesis,
anti-HIV, antimycobacterial activities and inhibition of HIV-1 integrase. Bioorganic and Medicinal Chemistry
Letters 2007, 17 (8), 2372-2375.
4.
Wang, Z.; Sheng, Y.; Duan, H.; Yu, Q.; Shi, W.; Zhang, S., New haptens synthesis, antibody production
and comparative molecular field analysis for tetracyclines. RSC Advances 2014, 4 (96), 53788-53794.
5.
Blackwood, R. K.; Brunings, K. J., Mannich bases of tetracycline compounds and amino acids. Google
Patents: 1962.
6.
Church, R. F.; Schaub, R. E.; Weiss, M. J., Synthesis of 7-dimethylamino-6-demethyl-6-deoxytetracycline
(minocycline) via 9-nitro-6-demethyl-6-deoxytetracycline. The Journal of organic chemistry 1971, 36 (5), 723-725.
7.
Sum, P.-E.; Ross, A. T.; Petersen, P. J.; Testa, R. T., Synthesis and antibacterial activity of 9-substituted
minocycline derivatives. Bioorganic & medicinal chemistry letters 2006, 16 (2), 400-403.
8.
Krishnan, L.; Leese, R. A.; Krishnan, R. Method for selective extracting a 7-(hydrogen or substituted
amino)-9-[(substituted glycyl) amido]-6-demethyl-6-deoxytetracycline compound. US5675030A, 1997.
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TOWARD THE TOTAL SYNTHESIS OF THERMORUBIN UTILIZING STAUNTON-WEINREB
ANNULATIONS
Zachary Kohanov1, Andrew Lowell 21
1
Department of Chemistry, Virginia Polytechnic Institute, Blacksburg, Virginia, USA
zkohanov@vt.edu
Thermorubin is a promising and unique secondary metabolite with a novel, bacteriostatic mechanism of
action. This antibiotic binds between the large and small ribosomal unit and inhibits initiation of protein synthesis1.
First isolated in 19652, this material is extracted from L. sacchari and has been recently discovered in a fungal strain3
and has been isolated from other Streptomyces species. Isolation of thermorubin is difficult, as it requires specific
growth conditions and is prone to degradation upon exposure to air and light. Therefore, a total synthesis has been
proposed based on the retrosynthetic analysis below. Thermorubin 1 will be created after deprotection and
attachment of the protected methyl salicylate 2 with the tetracyclic intermediate 3. Preceding this portion is the
annulation of the unsaturated keto-ester 4 with the tricyclic intermediate 5, which is planned to be made in one of
two ways: a Staunton-Weinreb annulation of the symmetrical aromatic 6 with the disubstituted α-pyrone 7, or
annulation of 6 with the symmetrical keto enol ether 8. This synthetic work is currently on the way and can
subsequently be expanded to include the synthesis of derivatives with improved pharmacokinetic properties.

References
1.
2.
3.

Bulkley, D.; Johnson, F.; Steitz, T. A., J. Mol. Biol. 2012, 416 (4), 571-578.
Craveri, R.; Coronelli, C.; Pagani, H.; Sensi, P., Clin. Med. 1964, 71 (3), 511-521.
Goenka, S.; R. Simon, S., Cosmetics 2020, 7 (3).

Virginia Polytechnic Institute Chemistry Startup Fund
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RIFT VALLEY FEVER VIRUS NSS PROTEIN INTERACTS WITH LC3 FAMILY MEMBERS AND
MODULATES AUTOPHAGY
Kaylee Petraccione1,2, Nicole Bracci1,2, Mohamed Ali 3, Normand Cyr3, Andrew Silberfarb 4, Paul O’Maille5, James
Omichinski3, Kylene Kehn-Hall1,2
1

Department of Biomedical Sciences and Pathobiology, Virginia-Maryland College of Veterinary Medicine, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, (USA)
2
Center for Emerging, Zoonotic, and Arthropod-borne Pathogens, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia, (USA)
3
Department of Biochemistry and Molecular Medicine, Université de Montréal, Montréal, QC, (Canada)
4
Artificial Intelligence Center, SRI International, Menlo Park, California, (USA)
5
Biocomplexity Sciences, SRI International, Menlo Park, California, (USA)
kayleedp@vt.edu
Rift Valley fever virus (RVFV) is a member of the family Phlebovirus and is a negative-sense RNA virus. RVFV is
an arbovirus, mainly transmitted via mosquitos that has the capability to infect ruminants and humans. Impregnated
ruminant infections are characterized by abortion storms in which spontaneous abortion occurs in a large percentage
of infected ruminants. In humans, the infection is typically mild, with symptoms such as headache, muscle pain, and
fatigue. A small fraction of cases progress to a more severe version of the disease that includes hemorrhagic fever or
encephalitis. It is critical to develop therapeutics to control the spread of RVFV because of the lack of
FDA-approved therapeutics and the socio-economic impacts caused by mass livestock death, decrease in the meat
trade market, and disruption in livelihood. The nonstructural small (NSs) protein is the main virulence factor of
RVFV. We have identified several LC3-Interacting Region (LIR) motifs within NSs. We hypothesize that NSs
interacts with LC3 family members and influences autophagy which can be targeted for therapeutic development.
Autophagy is a homeostatic process in which cellular material is degraded and recycled and can be exploited by
viruses to facilitate replication. Conversely, autophagy can be antiviral, which has been previously shown for RVFV.
To determine the ability of NSs to interact with LC3 family members, BSR-T7 cells were transfected with plasmid
constructs expressing GFP-LC3A, GFP-LC3B, GFP-LC3C, GFP-GABARAP, GFP-GABARAP1, or
GFP-GABARAP2. Twenty-four hours after transfection, cells were infected with RVFV MP12 expressing a 3X
Flag-tagged NSs. Interaction of NSs with all six human LC3 family members was observed through
co-immunoprecipitation. NSs also co-immunoprecipitated with endogenous LC3B in virally infected cells. To
further explore the impact of NSs on autophagy, protein levels of the autophagy adapter protein p62/SQSTM1 were
determined after RVFV infection. p62/SQSTM1levels were significantly decreased in RVFV infected cells. In
contrast, p62/SQSTM1levels were partially rescued in MP-12 ∆NSs infected cells indicating that NSs contributes to
the induction of autophagy. Ongoing studies are aimed at determining how NSs modulates autophagy and
identifying critical regions of NSs required for the interaction with LC3 family proteins. Understanding the role of
NSs and interacting LC3 family members in autophagy will lead to the development of novel therapeutics for Rift
Valley fever virus.
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IMITATION IS THE SINCEREST FORM OF FLATTERY: USING SIALIC ACID-CONTAINING
POLYMERS FOR VIRAL INHIBITION
Rachel H. Bianculli1, *, Jonathan D. Mase1, and Michael D. Schulz1, 2
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, (USA)
2
Macromolecules Innovation Institute, Blacksburg, VA, (USA)
rbiancu@vt.edu
In nature, there are many examples of biological systems that interact with one another in a polyvalent manner
(viruses, bacteria, cells, etc.).1 This concept of polyvalency, where multiple binding sites on one surface interact with
multiple binding sites on another surface, increases binding affinity in comparison to monovalent interactions. This
natural polyvalent interact can be synthetically mimicked with polymers. Polymers are inherently polyvalent
because each repeat unit on the backbone can act as spot for interaction with the surface. Antiviral polymers, for
example, target viral surfaces by using monomers that will act as a decoy receptor for the virus to bind to. When
antiviral polymers bind to the surface of the virus, the virus can no longer interact with the cell surface, and this lack
of interaction reduces viral replication (Figure 1).
Influenza replication is initiated when hemagglutinin on the virus surface binds to sialic acid on the epithelial
cell surface of the lungs. This same hemagglutinin-sialic acid interaction can be imitated synthetically by appending
sialic acid to a polymer. We aim to make sialic acid-containing polymers with systematically varied parameters
(sialic acid content, molecular weight, and comonomer identity) and measure their influenza inhibition using a
hemagglutination inhibition (HAI) assay. We will use this data to study structure-property relationships and optimize
materials for enhanced inhibition.

Figure 1. Sialic acid-containing polymers mimic nature and act as a “decoy” receptor for influenza to bind to.
References
1. Mammen, M.; Choi, S.; Whitesides, G.M. Angew. Chem. Int. Ed. 1998, 37, 2754-2794.
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SYNTHESIZING A LIBRARY OF SIALIC ACID-FUNCTIONALIZED POLYAMIDES TO INVESTIGATE
POLYVALENT INTERACTIONS FOR INFLUENZA INHIBITION
Zhen Shi1, Rachel H. Bianculli1, Jonathan D. Mase1, and Michael D. Schulz1, 2*
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, (USA)
2
Macromolecules Innovation Institute, Blacksburg, VA, (USA)
szhen@vt.edu
Valency describes the number of separate but similar ligand-receptor bindings that two different biological entities
(viruses, bacteria, cells, etc.) have when interacting with one another.1 Polyvalent interactions can be collectively
much stronger than their corresponding monovalent counterparts. Such multivalent interactions have been used by
mother nature to prevent certain biological interactions, especially those interactions that are themselves polyvalent
— polyvalency against polyvalency.1 For example, the hemagglutinin on the surface of influenza viruses can be
attached to the sialic acid groups on mucins (high-sialic acid-content natural bottlebrush polymers exist on the
epithelial cell surface of the lungs),2 and the mucin act as an inhibitor of the adhesion of virus to the cell. Inspired by
this natural phenomenon, we intend to synthesize a library of sialic acid-functionalized polyamides to explore the
structure-property relationship between polymers and viruses. We will start by evaluating the influence of sialic acid
content and polymer molecular weight and their role in viral inhibition.
References
1.
Mammen, M.; Choi, S. K.; Whitesides, G. M. Polyvalent Interactions in Biological Systems: Implications
for Design and Use of Multivalent Ligands and Inhibitors. Angew. Chemie - Int. Ed. 1998, 37 (20),
2754–2794.
2.
Bianculli, R. H.; Mase, J. D.; Schulz, M. D. Antiviral Polymers: Past Approaches and Future Possibilities.
Macromolecules 2020, 53 (21), 9158–9186.
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HYPERBRANCHED POLYMERS WITH TERMINAL GLYCAN MOIETIES FOR NOROVIRUS
INHIBITION
Jonathan D. Mase1, Rachel H. Bianculli1, Michael D. Schulz1*
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, United States
jdmase1991@vt.edu
Norovirus is a global health burden that infects nearly 700 million people annually. Research into vaccines and
antivirals has met numerous hurdles and to date no medication exists on the market to combat the virus. Antiviral
polymers may be able to fill that gap. To bind viruses onto a polymer’s surface, common glycans norovirus utilizes
for human infections will be synthesized. In this work, modified sialic acids (SAs) are chemically synthesized and
equipped with an acrylamide linker on C2. Histo-blood group antigens (HBGAs), having a more complex glycan
structure, are designed by combining dual synthetic routes: chemical synthesis and automated chemical synthesis via
automated glycan assembly. Hyperbranched materials using a tetrafluorophenyl 4-vinylbenzene sulfonate monomer
were synthesized through reversible addition-fragmentation chain-transfer (RAFT) polymerization. The effect of
polymer architecture will be investigated by varying the molecular weight and degree of branching of the materials.
The presence of terminal trithiocarbonate functional groups on the hyperbranched structures allows for the
controlled and selective insertion of glycans (SA or HBGAs) onto the terminal ends of polymers. Antiviral
inhibition will be measured using hemagglutination assays.
This work was supported by GlycoMIP, a National Science Foundation Materials Innovation Platform funded
through Cooperative Agreement DMR-1933525.
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SYNTHESIS OF POLYMER-NUCLEOBASE COMPOSITES FOR CHEMOTHERAPY DRUG CAPTURE
Gillian A. Su 1,Ophelia J. Wadsworth1, and Michael D. Schulz*
1
Department of Chemistry, Virginia Tech, Blacksburg, Virginia, (United States)
gillians@vt.edu
Liver cancer (hepatocellular carcinoma (HCC)) is the third leading cancer-related cause of death worldwide.
Common treatments of HCC include targeted chemotherapeutic procedures (e.g., trans-arterial chemoembolization
(TACE) and intra-arterial chemotherapy (IAC)) to mitigate tumor growth1. In a TACE procedure, Doxorubicin
(Dox) is delivered directly into the liver via a catheter, which directly suppresses the tumor’s growth. However,
during the TACE procedure Dox is not completely retained by the liver, but also accumulates in other organs such as
the heart2. To mitigate these off-target toxicities, we investigated a polymer resin that can be deployed via catheter
downstream from the tumor to effectively capture Dox before it reaches other organs. Because some studies suggest
that Dox binds to DNA nucleotide-base pairs, we hypothesized that incorporating DNA bases into a crosslinked
polymer would enable effective Dox capture. We conducted a free-radical copolymerization in which methacrylic
acid was crosslinked with a dimethacrylate in the presence of several DNA bases to produce a solid, hydrophilic
material loaded with DNA bases. We then examined the ability for these materials to sequester Dox using UV-vis
spectroscopy.
References
(1) Blumenfeld, C. M.; Schulz, M. D.; Aboian, M. S.; Wilson, M. W.; Moore, T.; Hetts, S. W.; Grubbs, R. H. Drug
Capture Materials Based on Genomic DNA-Functionalized Magnetic Nanoparticles. Nat. Commun. 2018, 9 (1),
2870. https://doi.org/10.1038/s41467-018-05305-2.
(2) Facciorusso, A. Transarterial Chemoembolization: Evidences from the Literature and Applications in
Hepatocellular Carcinoma Patients. World J. Hepatol. 2015, 7 (16), 2009. https://doi.org/10.4254/wjh.v7.i16.2009.
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A-RING MODIFICATION ON MMV008138: EFFECTS ON ANTIMALARIAL POTENCY AND
MICROSOMAL STABILITY, IMPLICATIONS FOR MODE OF INHIBITION
Haibo Lia, Maryam Ghamavia, Lixuan Liua, Joshua H. Butlerb, Reagan Haneyb, Carla Slebodnicka, Emilio F.
Merinob, Maxim Totrovc, Maria B. Casserab, Paul R. Carliera,*
a

Department of Chemistry and Center for Drug Discovery, Virginia Tech, Blacksburg, Virginia, (United States)
Department of Biochemistry and Molecular Biology and Center for Tropical and Emerging Global Diseases,
University of Georgia, Athens, Georgia (United States)
c
Molsoft LLC, San Diego, California, (United States)
b

lhaibo91@vt.edu
Tetrahydro-β-carboline 1 (MMV008138)1,2 controls growth of blood-stage Plasmodium falciparum by inhibiting a
critical metabolic enzyme (IspD).3-5 It has a very specific D-ring structure-activity relationship, requiring
halogen-disubstitution at the 2ʹ- and 4ʹ-positions.2,5 It also cannot tolerate methyl substitution at positions 1-3 of the
C-ring or 9 of the B-ring.6 In this study we report the synthesis and evaluation of 19 A-ring variants of 1.
Interestingly, extreme sensitivity to substitution is also seen in the A-ring, and only three derivatives had EC 50 within
3-fold of the parent (20a, c, d). 7-Fluoro analog 20c showed a marked improvement in microsomal stability.
However, this improvement did not improve oral efficacy in a mouse model of malaria. Finally, we use X-ray
crystallography of (±)-21a and 1H NMR spectroscopy of 1 and 21a to address the equilibrium aqueous conformation
of 1, and reevaluate a literature proposal for the binding pose of 1 in PfIspD.

(1)
Bowman, J. D.; Merino, E. F.; Brooks, C. F.; Striepen, B.; Carlier, P. R.; Cassera, M. B. Antimicrob. Agents.
Chemother. 2014, 58, 811-819.
(2)
Yao, Z.-K.; Krai, P. M.; Merino, E. F.; Simpson, M. E.; Slebodnick, C.; Cassera, M. B.; Carlier, P. R.
Bioorg. Med. Chem. Lett. 2015, 25, 1515-1519.
(3)
Wu, W.; Herrera, Z.; Ebert, D.; Baska, K.; Cho, S. H.; DeRisi, J. L.; Yeh, E. Antimicrob. Agents.
Chemother. 2015, 59, 356-364.
(4)
Imlay, L. S.; Armstrong, C. M.; Masters, M. C.; Li, T.; Price, K. E.; Edwards, R., L.; Mann, K. M.; Li, L.
X.; Stallings, C. L.; Berry, N. G.; O'Neill, P. M.; Odom, A. R. ACS Infect. Dis. 2015, 1, 157-167.
(5)
Ghavami, M.; Merino, E. F.; Yao, Z.-K.; Elahi, R.; Simpson, M. E.; Fernández-Murga, M. L.; Butler, J. H.;
Casasanta, M. A.; Krai, P. M.; Totrov, M. M.; Slade, D. J.; Carlier, P. R.; Cassera, M. B. ACS Infect. Dis. 2018, 4,
549-559.
(6)
Ding, S.; Ghavami, M.; Butler, J. H.; Merino, E. F.; Slebodnick, C.; Cassera, M. B.; Carlier, P. R. Bioorg.
Med. Chem. Lett. 2020, 30, 127520.
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LEAD OPTIMIZATION OF ORALLY EFFICACIOUS β-CARBOLINE ANTIMALARIALS
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Malaria, caused by the parasite Plasmodium, remains one of
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the deadliest infectious diseases worldwide. The development
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discovery of new drug candidates. Our previous work
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identified 1 as inhibitor of the MEP pathway, which produces
2501 ± 70 nM
TCMDC-140230
EC
StereoDd2
strain
3
essential isoprenoid precursors (IPP and DMAPP) in the IPP rescue 100% @ 2.5 µM isomer
P.falciparum EC
malaria parasite P. falciparum.1,2 To search for new
1430 ± 70 nM
(1R,3R)-2
2
1950 ± 240 nM
(1R,3S)antimalarial structures, we constructed a generalized 3D
1300 ± 100 nM
(1S,3R)-2
3680 ± 310 nM
(1S,3S)-2
pharmacophore based on 1 and 92 of its analogs and used it
Figure 1. MEP pathway inhibitor 1, VLS hit 2, and orally active antimalarial 3
for a virtual ligand screen of a publicly available database of
antimalarial hits. This exercise identified 2 (undefined stereochemistry),
Figure 2. 3 (40 mg/kg/day) has oral efficacy in P. bergheiinfected mice. Infection on Day 0; dosed daily (Days 3-6),
which was reported to have nearly the same potency of 1(Figure 1). All
imaged before dosing on Days 3 and 5. CQ is chloroquine;
each mouse infected with 10 iRBC. Note: three of the
four stereoisomers of 2 were synthesized, but none were potent
vehicle-treated mice died before Day 7.
antimalarials. Serendipitously, the β-carboline byproduct 3 (formed in the
synthesis of 2) proved to be more potent in vitro than 1. Since P.
falciparum growth inhibition by 3 was not reversed by co-application of
IPP, the antimalarial target of 3 is distinct from that of 1. Most importantly,
3 at 40 mg/kg/day (oral) cured P. berghei malaria infection in mice (Figure
2).3,4 Optimization of analogs to reduce hERG inhibition was initiated and
are in progress. In this poster I will discuss ADME-Tox, PK of 3, emerging
structure-activity relationship within this scaffold and outline remaining
challenges to improve drug-like properties.
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BIOCHEMICAL CHARACTERIZATION OF A FLAVIN-DEPENDENT MONOOXYGENASE FROM
THE INSECT PEST, Zonocerus variegatus
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Zonocerus variegatus, or the African painted grasshopper, is a devastating food crop pest that resides in Western and
Central Africa. Many countries in this region are unindustrialized and rely on their agriculture to feed their populations,
barter for goods, and to serve as an income source. The grasshopper is estimated to be responsible for 50% of the
losses in many valuable crops such as cassava and bananas1. The farmers in these regions do not have easy access to
commercially available insecticides and have depended on the natural defense mechanism of their plants such as the
secretion of toxic alkaloid compounds. Within the last decade, the grasshopper population has begun to rise, while
alkaloid levels have remained consistent, suggesting a resistance mechanism had evolved1. A flavin-dependent
monooxygenase (FMO) called ZvFMO was found to confer the resistance of alkaloids in Z. variegatus2, 3.
Here we present the biochemical characterization of ZvFMO using steady-state and pre-steady state kinetics, docking
studies, and site-directed mutagenesis. Using an oxygen consumption assay we obtained a KM of 5 ± 0.5 µM for one
substrate, monocrotaline with a kcat of 1 ± 0.1 s-1. Quantitative product detection was performed using reversed-phased
HPLC. Our results agree with previous works, which show that ZvFMO catalyzes the oxidation of a tertiary nitrogen
atom of plant secreted alkaloids. We report 90% of the starting material is being converted to the N-oxide product.
Detection of hydrogen peroxide showed ZvFMO is 10% uncoupled, which is common for FMOs and explains why
100% of the substrate was not converted to product. The pre-steady state studies were conducted using stopped-flow
spectroscopy, and we report a rate of flavin reduction with NADPH of 15 ± 0.3 s-1 and a rate of oxidation of 1 ± 0.05
s-1. This enzyme strongly prefers NADPH (KD=32±4 µM) over NADH (kred=8 ± 0.1 s-1 and KD=440 ±8 µM) as the
reducing cofactor, which aligns with other enzymes of like nature4. These results and bioinformatics suggest that
ZvFMO likely has a similar mechanism to other FMOs. However, the substrates of ZvFMO are large in comparison
to other FMO substrates, so we investigated the substrate binding pocket4. Using molecular docking strategies and the
solved crystal structure, we added several substrates to the structure of ZvFMO and propose a unique binding pocket
that contains a hydrophobic alpha helix that acts as a “gate-keeper” to the active site5. To validate the docking, we
mutated one of the hydrophobic residues, F383 to alanine. The oxygen consumption assay was utilized to determine
the impact of this mutation, where we report there was no impact on the kcat, but there was a 5-fold increase in the KM
value for monocrotaline. This suggests we have identified the binding pocket for the alkaloid compounds, which will
aid in drug efforts to design an inhibitor against ZvFMO.
References
[1] Kekeunou, S., Weise, S., Messi, J., and Tamò, M. (2006) Farmers' perception on the importance of variegated
grasshopper (Zonocerus variegatus (L.)) in the agricultural production systems of the humid forest zone of
Southern Cameroon, Journal of ethnobiology and ethnomedicine 2, 17-17.
[2] Wang, L., Beuerle, T., Timbilla, J., and Ober, D. (2012) Independent Recruitment of a Flavin-Dependent
Monooxygenase for Safe Accumulation of Sequestered Pyrrolizidine Alkaloids in Grasshoppers and
Moths, PLOS ONE 7, e31796.
[3] Sehlmeyer, S., Wang, L., Langel, D., Heckel, D. G., Mohagheghi, H., Petschenka, G., and Ober, D. (2010)
Flavin-dependent monooxygenases as a detoxification mechanism in insects: new insights from the arctiids
(lepidoptera), PloS one 5, e10435-e10435.
[4] Huijbers, M. M., Montersino, S., Westphal, A. H., Tischler, D., and van Berkel, W. J. (2014) Flavin dependent
monooxygenases, Arch Biochem Biophys 544, 2-17.
[5] Kubitza, C., Faust, A., Gutt, M., Gäth, L., Ober, D., and Scheidig, A. J. (2018) Crystal structure of pyrrolizidine
alkaloid N-oxygenase from the grasshopper Zonocerus variegatus, Acta Crystallogr D Struct Biol 74, 422432.
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NOVEL NATURAL PRODUCTS FROM THE MILLIPEDE Ischnocybe plicata
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Millipedes are a promising source of novel small molecules1-4. They consist of a diverse class (Diplopoda) of
arthropods that are distributed worldwide. Millipedes have evolved repugnatorial glands that contain high
concentrations of specialized small molecules that are predicted to have a role in chemical defense. The
repugnatorial glands are capable of squirting these fluids over a distance of several inches when a potentially hazard
is identified2,4,5. Ischnocybe plicata (Platydesmida; Andrognathidae) is a monotypic millipede species of the Pacific
Northwestern United States and feed in aggregations on fungus. When disturbed, I. plicata exudes a pine oil or
citrus scent, suggestive of terpene production6-7. This ecological observation and the lack of chemical studies on I.
plicata led us to investigate the specialized metabolites produced by these millipedes. Approximately 300 I. plicata
adults were collected in down woody debris in coniferous and mixed hardwood forests in Oregon. Extraction and
chemical evaluation led to the identification of four new oxidized alkaloids – ischnocybine A-C and ischnocybinone.
Full 2D NMR datasets (1H, 13C, COSY, HSQC, H2BC, and HMBC) were acquired on each metabolite to elucidate
their planar structures. The molecular formula, respectively, C18H29NO2, C18H27NO3, C20H31NO4 and C22H37NO4
were determined by high-resolution ESI-TOF mass spectrometry. The stereocenters in ischnocybine A-C and
ischnocybinone were assigned using NMR and theoretical calculations. Currently these alkaloids are being
evaluated in a variety of biological assays, including ecological prey deterrence assays and neurotoxic assays
(PDSP).
1.
2.
3.
4.
5.
6.
7.

Shear, W. A. (2015). The chemical defenses of millipedes (Diplopoda): biochemistry, physiology and
ecology. Biochemical Systematics and Ecology, 61, 78-117.
Wood, W. F., Hanke, F. J., Kubo, I., Carroll, J. A., & Crews, P. (2000). Buzonamine, a new alkaloid from
the defensive secretion of the millipede, Buzonium crassipes. Biochemical systematics and ecology, 28(4),
305-312.
Kuwahara, Y., Shimizu, N., & Tanabe, T. (2011). Release of hydrogen cyanide via a post-secretion
Schotten-Baumann reaction in defensive fluids of polydesmoid millipedes. Journal of chemical
ecology, 37(3), 232-238.
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7-Substituted Hexahydroindolizine from the Millipede Gosodesmus claremontus. Journal of Natural
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STRUCTURE-ACTIVITY RELATIONSHIP STUDY OF DISUBSTITUTED BENZOXAZOLES AS
INHIBITORS OF SPPHINGOSINE-1-PHOSPHATE TRANSPORTER SPNS2
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Sphingosine 1-phosphate (S1P) is a bioactive sphingolipid that plays a vital role in biological processes such as the
positioning of immune cells.1 Phosphorylation of sphingosine by sphingosine kinases (SphK1 and SphK2) generates
S1P, which in turn is exported to the extracellular space to interact with five G protein-coupled receptors, S1PR1-5.
Extrusion of S1P is mediated by Spinster homolog 2 (Spns2), which releases S1P from endothelial cells.2 Spns2 is
required to maintain lymph S1P. As such, Spns2 is a potential target for autoimmune and inflammatory diseases.1-3
We recently discovered a series of Spns2 inhibitors, including a compound with a 3-phenyl oxadiazole linker,
SLF101851, that has an IC50 of 1.93 μM in vitro and induced lymphopenia in vivo, which is a phenotype of Spns2
inhibition. In the current work, we performed a structure-activity relationship (SAR) study of SLF101851 and
discovered a benzoxazole series that effectively inhibited Spns2 in vitro and in vivo. SLB1082156 demonstrated an
IC50 of 200 nM using a HeLa cell release assay. Administration of 10 mg/kg SLB1082156 (intraperitoneal route)
induced lymphopenia at six hours post injection and decreased plasma S1P levels. Our studies suggest that
SLB1082156 has favorable pharmacodynamic and pharmacokinetic properties and serves as a novel chemical tool
to investigate Spns2 biology and use as a probe to determine the potential of Spns2 as a drug target.
1.
Hannun, Y. A.; Obeid, L. M., Sphingolipids and their metabolism in physiology and disease. Nature
Reviews Molecular Cell Biology 2018, 19 (3), 175-191.
2.
Blanchard, O.; Stepanovska, B.; Starck, M.; Erhardt, M.; Römer, I.; Meyer Zu Heringdorf, D.; Pfeilschifter,
J.; Zangemeister-Wittke, U.; Huwiler, A., Downregulation of the S1P Transporter Spinster Homology Protein 2
(Spns2) Exerts an Anti-Fibrotic and Anti-Inflammatory Effect in Human Renal Proximal Tubular Epithelial Cells.
Int J Mol Sci 2018, 19 (5), 1498.
3.
Huwiler, A.; Pfeilschifter, J., Sphingolipid signaling in renal fibrosis. Matrix Biol 2018, 68-69, 230-247.
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The sphingosine 1-phosphate (S1P) signaling pathway has caught the attention of the pharmaceutical industry in the
last decade during which four drugs targeting the pathway received FDA approval. These drugs act through
G-protein coupled receptors S1P1-5 and are now called S1P modulators.1, 2 An alternative in the S1P pathway is
inhibiting Spinster homologue 2 (Spns2), an integral membrane transporter of S1P. Downregulation of Spns2 has an
anti-fibrotic and anti-inflammatory effects.3 Thus, inhibiting Spns2 have implications as therapeutics. Our
laboratories performed a structure-activity relationship study and discovered 1a bearing a saturated aliphatic tail
afforded a potent inhibitor with an IC50 of 350 nM. In this work, we focused on improving the potency of 1a and
found that the substitution of the aliphatic tail with an ether tail (2a) showed an improved the IC50 value of 66 nM in
an S1P release assay in HeLa cells. Administration of 2a in mice induced lymphopenia, which is a hallmark of
Spns2 inhibition. Our studies suggest that further modification on the tail region of the pharmacophore may lead to
Spns2 inhibitors with favorable pharmacokinetic properties suitable for investigating whether Spns2 is a drug target.

1.
Park, S. J.; Im, D. S. Sphingosine 1-Phosphate Receptor Modulators and Drug Discovery. Biomol Ther
(Seoul) 2017, 25, 80-90.
2.
Subei, A. M.; Cohen, J. A. Sphingosine 1-Phosphate Receptor Modulators in Multiple Sclerosis. CNS
Drugs 2015, 29, 565-75.
3.
Blanchard, O.; Stepanovska, B.; Starck, M.; Erhardt, M.; Romer, I.; Meyer Zu Heringdorf, D.; Pfeilschifter,
J.; Zangemeister-Wittke, U.; Huwiler, A. Downregulation of the S1P Transporter Spinster Homology Protein 2
(Spns2) Exerts an Anti-Fibrotic and Anti-Inflammatory Effect in Human Renal Proximal Tubular Epithelial Cells.
Int J Mol Sci 2018, 19, 1498.
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Sarah Seay1, Daniel Foster1, Yugesh Kharel 2, Tao Huang2, Kevin R. Lynch2, Webster Santos1,*
1
Department of Chemistry and Virginia Tech Center for Drug Discovery, Virginia Tech, Blacksburg, Virginia, (USA)
2
Department of Pharmacology, University of Virginia, Charlottesville, Virginia, (USA)
sarahseay12@vt.edu
The transmembrane transport protein, spinster homolog 2 (Spns2), is responsible for the extracellular
transport of sphingosine-1-phosphate (S1P).1 S1P is a chemotactic signaling molecule that promotes the directional
movement of the lymphocytes towards the area of inflammation.2 Consequently, the S1P pathway is studied for its
potential applications in treating kidney fibrosis, psoriasis, and multiple sclerosis.3 Previously, our group identified
compound SLF1081851 as an Spns2 inhibitor with an IC50 of 900 nM in vitro. Optimization of this compound lead
to the discovery of the urea-containing SLF80821178 with an IC50 of 90 nM. Herein, we aim to complete a
structure-activity relationship (SAR) study looking at different urea, carbonate, and amide functional groups.
Piperazine ranks in the top three most common of N-heterocyclic moieties in small-molecule pharmaceuticals, yet it
has the potential to be metabolized in vivo.4 The goal of this work is to prevent in vivo metabolism at the alpha
positions relative to the nitrogen on the piperazine. Specific focus will be given to moieties in an effort to further
improve activity and pharmacokinetic properties.

Fig. 1 Structure of SLF80821178

(1) Spiegel, S.; Maczis, M. A.; Maceyka, M.; Milstien, S. New insights into functions of the
sphingosine-1-phosphate transporter SPNS2. Journal of Lipid Research 2019, 60 (3), 484-489.
(2) Rosen, H.; Stevens, R. C.; Hanson, M.; Roberts, E.; Oldstone, M. B. A. Sphingosine-1-Phosphate and Its
Receptors: Structure, Signaling, and Influence. Annual Review of Biochemistry, Vol 82 2013, 82, 637.
(3) Spampinato, S. F.; Obermeier, B.; Cotleur, A.; Love, A.; Takeshita, Y.; Sano, Y.; Kanda, T.; Ransohoff, R. M.
Sphingosine 1 Phosphate at the Blood Brain Barrier: Can the Modulation of S1P Receptor 1 Influence the Response
of Endothelial Cells and Astrocytes to Inflammatory Stimuli? Plos One 2015, 10 (7).
(4) Ye, Z.; Adhikari, S.; Xia, Y.; Dai, M. Expedient Syntheses of N-Heterocycles via Intermolecular Amphoteric
Diamination of Allenes. Nat. Commun. 2018 91 2018, 9 (1), 1–11.
We thank NIH for funding (R01 GM121075).
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USING MD SIMULATIONS TO EXPLORE THE DYNAMIC LANDSCAPE OF GP41 AND EXPAND
DRUG DESIGN FOR HIV
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HIV-1 is an alphavirus that binds to the CD4 glycoprotein to infect host cells, by fusing the viral membrane with the
immune system cells membrane. The viral fusion releases a cascade of proteins and genetic material into the cell,
driving viral replication. Viral fusion is facilitated by a solvent exposed envelope protein complex (Env) on the
surface of the HIV virion, of which glycoprotein-41 (gp41) acts as the “harpoon” for initiating viral fusion. As the
primary solvent exposed binding protein, gp41 is an ideal candidate for drug targeting for HIV. Gp41 is comprised
of a transmembrane domain (R684-R710), a conserved membrane proximal external region (MPER) (R660-R683),
and a cytoplasmic tail (CT) (R710-856). The structures of these regions have only recently been determined and
little is known about its dynamics – making drug discovery difficult given the minimal structural data related to the
molecular mechanism for viral entry. Molecular dynamics (MD) simulations were performed on different structures
of gp41 to probe two potential aspects of gp41 thought to be critical to protein stability, the baseplate-CT region and
highly conserved arginine residues. Water and ions have been found to aggregate around these key residues, and it is
theorized that this contributes to the transmembrane stability during fusion events. In addition, recent simulations
containing only a portion of the CT region show markedly less stability when compared to simulations that contain
the full CT baseplate, indicating the effect the CT region has on stability of the entire system. Dominant
morphologies are now present for use in antibody and therapeutic drug design to target the MPER region in the gp41
viral protein. By improving the understanding of the dynamics in different regions of gp41, important insights into
the HIV-1 viral entry may be revealed, contributing to the development of novel vaccines and therapeutics.
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USING MOLECULAR DYNAMICS TO EXPLORE NATURAL PRODUCT INHIBITORS AGAINST
IAPP(20-29) AGGREGATION
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Islet amyloid polypeptide (IAPP) is a 37-residue amyloidogenic hormone implicated in the progression of Type II
Diabetes (T2D). T2D affects an estimated 422 million people yearly and is a co-morbidity with numerous diseases.
IAPP forms toxic oligomers and amyloid fibrils that reduce pancreatic β-cell mass and exacerbate the T2D disease
state. Toxic oligomer formation is attributed, in part, to the formation of inter-peptide β-strands comprised of
residues 20-29 (IAPP(20-29)). Flavonoids, a class of polyphenolic natural products, have been found experimentally to
inhibit IAPP aggregate formation. Many of these small flavonoids differ structurally only slightly; the influence of
functional group placement on inhibiting the aggregation of the IAPP(20-29) has yet to be explored. To probe the role
of small-molecule structural features that impede IAPP aggregation, molecular dynamics (MD) simulations were
performed on a model trimer of IAPP(20-29) in the presence of morin, quercetin, dihydroquercetin, epicatechin, and
myricetin. Contacts between Phe23 residues were critical to oligomer formation, and small-molecule contacts with
Phe23 were a key predictor of β-strand reduction. Structural properties influencing the ability of compounds to
disrupt Phe23-Phe23 contacts included aromaticity and carbonyl and hydroxyl group placement. This work provides
key information on design considerations for T2D therapeutics that target IAPP aggregation. Additionally, this work
provides a new framework for drug design using MD.

VTCDD Abstract 4/6/2022

P23

A TWO-STEP HYBRID EVOLUTIONARY ALGORITHMS BASED COMPUTATIONAL FRAMEWORK
FOR DRUG DESIGN
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We present a general and robust computational framework that can be used to design drug-like small molecules for
any given target protein. As a test case, we have employed this method on severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), responsible for the global COVID-19 pandemic. The first-stage of the drug design
framework involves the high-throughput virtual screening of existing drug libraries to identify promising drugs
based on their binding energies/scores and evaluation of structural analysis. In the second-stage, performance of
these drugs is further enhanced by the systematic and automated addition of functional groups using a hybrid
evolutionary algorithm. Here, we employed this framework to design novel inhibitors for the NSP14 protein of the
SARS-CoV-2 virus because the structure of this protein is generally conserved across most of the known and
emerging variants. Both the promising bare drugs and their functionalized top-performing derivatives were
characterized by their drug-like properties, and their interactions with key residues in the NSP14 active site. We are
currently working with experimental collaborators to validate the efficacy of our computationally designed drugs.
Sheng Lin, Hua Chen, Zimin Chen, Fanli Yang, Fei Ye, Yue Zheng, Jing Yang, Xi Lin, Honglu Sun, Lingling Wang,
Ao Wen, Haohao Dong, Qingjie Xiao, Dong Deng, Yu Cao, Guangwen Lu, Crystal structure of SARS-CoV-2 nsp10
bound to nsp14-ExoN domain reveals an exoribonuclease with both structural and functional integrity, Nucleic Acids
Research, Volume 49, Issue 9, 21 May 2021, Pages 5382–5392, https://doi.org/10.1093/nar/gkab320
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ENHANCING FUNCTIONALITY OF YNAMIDES VIA BORYLATIONS TO SYNTHESIZE
(Z)-Β-ALKENYLAMIDE BORONATES
Tan, Christine1, Jos, Swetha1, and Santos, Webster1*
1
Department of Chemistry, Virginia Tech, Blacksburg, VA, (United States)
haiitschristine@vt.edu
Boron and its derivatives have significant role in medicinal and synthetic organic chemistry. There are a lot of
Boron-containing drugs which are FDA approved eg; Bortezomib in anti-cancer activity against non-Hodgkin’s
lymphoma. The metalloid atom is also active in potential compounds for antifungal treatment to onychomycosis,
antiviral activity towards HIV, and bacterial infections. Very importantly, installing Boron on molecules helps for
further derivatization of organic molecules. Ynamides are a prevalent and multifunctional molecular group majorly
used as a synthetic intermediate. Therefore, they are a great substrate, where their utility can be enhanced via
borylations. Borylations are notably carried out with a transition metal catalyst, a pricey reagent that can introduce
toxicity and complexity. Yet, a potentially more efficient synthetic method, one that is metal-free, are underexplored.
However, in our study, we were able to successfully install Boron on ynamides to synthesize (Z)-β-alkenylamide
boronates in a metal-free fashion by using catalytic phosphine. Furthermore, to demonstrate boron’s ability to
derivatize the ynamide, we were able to successfully convert the boryl group to trifluoromethyl group, which adds to
the utility of ynamide derivatives for medicinal chemistry.e.g.: trifluromethylated nucleosides analogs used to treat
malignant tumors and HSV-1 and HSV-2. The stereo and regioselectivity of the molecules were confirmed by X-Ray
Crystal structure.
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TRANSITION METAL-FREE REGIO- AND STEREO- SELECTIVE TRANS HYDROBORATION OF
1,3-DIYNES: PHOSPHINE CATALYZED ACCESS TO BORYLATED 1,3-ENYNES
Swetha Jos1, Connor Szwetkowski1, Carla Slebodnick1, Robert Ricker2, Todd B. Marder2, Ka Lok Chan3, Wing Chun
Chan3, Zhenyang Lin3, Webster L. Santos*1
1. Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, (United States)
2. Julius-Maximilians-Universitat Wurzburg, Wurzburg, Bayern, (Germany)
3. The Hong Kong University of Science and Technology, Hong Kong, (Hong Kong)
swethajos16@vt.edu
1,3-Diynes are characterized by the unique rod-like structure and are widely used to synthesize biologically active
molecules, polymers, and supramolecular tools. Access to borylated 1,3-diynes provides a new avenue for further
transformation since boronic acid derivatives are well-established synthetic intermediates. Herein, we report a
metal-free, organocatalytic method for the trans hydroboration of 1,3-diynes with pinacolborane to afford
(E)-1-boryl-1,3-enynes (Scheme 1). The reaction proceeds with excellent regio- and stereo-selectivity,
unambiguously established from NMR and X-ray crystallography studies. The products are afforded in high yields
up to 95% and apply to a broad substrate scope. The experimental and theoretical studies regarding a plausible
mechanism will be discussed.

Scheme 1: Trans-hydroboration of 1,3-butadiynes
Financial Support from National Science Foundation (CHE-1414458) and VT Chemistry Department.
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