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BINDING SITE MAPPING OF HKU9 BY FAST NMR 

Pamlea N. Brady, Margaret A. Johnson 

Department of Chemistry, University of Alabama at Birmingham, Birmingham, AL. 

Since the devastating outbreak of severe acute respiratory syndrome (SARS) and Middle Eastern respiratory 
syndrome (MERS) in 2003 and 2012, respectively, much work has been done towards understanding the 
role of the viral components of this family of viruses upon infection of the host. Analysis of bat species in 
southern China have revealed novel bat coronaviruses may serve as progenitor viral hosts of these viruses 
which have the ability to infect both animals and humans.1,2 The ability of these viruses to infect humans has 
created a sense of urgency to understand how these viruses work and to develop antiviral therapies. To date, 
no effective treatment has been identified and the threat of the emergence of a new coronavirus still exists.    
Macrodomain proteins are important to viral replication and disruption of host cell immune responses.3 The 
focus of this work is centered on a novel macrodomain found on non-structural protein 3 (nsp3) in HKU9, a 
newly identified bat coronavirus from the same genus as SARS and MERS. This domain is interesting in that 
its sequence and predicted structural features differ from other conserved viral macrodomains that are 
necessary for infection. In order to create a functional profile to lend insight on the function of this domain, 
we has used FAST NMR to screen a library of more than 400 ligands to identify potential binding partners of 
the protein.4 70 of the original ligands ranging from drugs, hormones, and metabolites, were further analyzed 
using 2D 1H-15N heteronuclear single quantum correlation (HSQC) experiments in order to map the binding 
site of the protein. Experimental results were compared to computational docking experiments using a 
homology model of the protein. The results of this work suggest that this protein may be involved in 
inflammatory pathways and will be confirmed upon completed of the solution structure of the protein. These 
findings are helpful in establishing a functional profile of the protein and will be used for comparison upon the 
determination of the solution structure of the protein and provides valuable structural information that can be 
used for the development of potential therapeutics.  
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TOWARD STRUCTURE OF FULL-LENGTH TDP1: A DNA REPAIR ENZYME WITH FLEXIBLE DOMAINS 

Evan J. Brettrager, David W. Chester, Selma M. Cuya, Charles N. Falany, Jun Zhang*, Stephen G. Aller 
and Robert C.A.M. van Waardenburg. 

Department of Pharmacology and Toxicology and Department of Chemistry*, University of Alabama at 
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The 67 kDa DNA repair enzyme Tyrosyl-DNA phosphodiesterase I (Tdp1) hydrolyzes 3’- and 5’- DNA 
phosphodiester adducts from DNA ends that are produced by many anti-cancer agents and is itself a potential 
drug target. The 55 kDa Tdp1 catalytic domain, thought to be the functional domain of the enzyme, employs 
two catalytic histidines to facilitate DNA-adduct removal. The role of the 15 kDa N-terminal domain has been 
largely ignored by the field partly because it is low in sequence homology to other homologs, seemingly 
dispensable for in vitro activity, thought to be disordered and easily degraded - all hindering characterization 
of the full-length enzyme. Our novel approach facilitates purification of full-length Tdp1 for biochemical and 
structural studies. We recently showed that that the N-terminal domain is a critical regulator of Tdp1 catalysis 
in both yeast and human cells and influences in vitro catalytic activity. Small angle x-ray scattering (SAXS) 
data also reveals a well-ordered N-terminal domain connected to the catalytic domain by a flexible linker but 
positioned to enhance surface area and contact with DNA-adduct. X-ray crystallography (XRC) revealed that 
crystals only seem to grow after the N-terminal domain is cleaved (after purification but before crystallization). 
XRC may not allow structure-determination of full-length Tdp1. However, preliminary negative stain electron 
microscopy and survey cryo-EM data appears to confirm our SAXS data that the N-terminal domain is a well 
ordered structural entity. Thus, cryo-EM appears more promising to resolve flexible but ordered domains of 
DNA binding proteins, such as Tdp1 and DNA topoisomerase I, than XRC.  
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CRYSTALLOGRAPHIC AND ENZYME KINETICS STUDIES OF MULTIDRUG-RESISTANT HIV-1 
PROTEASE MUTANTS PR20 AND PRS17 
 
Shelley Burnaman1, Daniel W. Kneller1, Andres E. Wong-Sam1, Johnson Agniswamy1, Yuan-Fang 
Wang1 and Irene T. Weber1,2 
 
1Departments of Biology and 2Chemistry Georgia State University, Atlanta, GA. 
 
 
About 37 million people worldwide are infected with HIV, and ~54% of HIV+ people are taking antiretroviral 
therapy (ART). ART is a combination of drugs designed to target different aspects of the HIV life cycle. 
Protease inhibitors (PIs) target HIV protease, a protein that is necessary for viral maturation. Inclusion of PIs 
in ART since 1995 has reduced the severity of HIV symptoms and significantly delayed the onset of AIDS, 
but resistance to PIs is a growing problem. The latest PI to be FDA approved, darunavir (DRV) in 2006, was 
designed specifically to combat drug resistance, but resistance to DRV has also emerged. Two clinically-
isolated extremely drug-resistant mutants, PR20 and PRS17, are being analyzed via X-ray crystallography 
and enzyme kinetics studies to elucidate molecular mechanisms of HIV drug resistance and to aid in the 
design of new PIs. PR20, HIV-1 PR with 20 mutations mostly localized to the active site and flap hinge loop, 
evades PIs with an expanded binding pocket and wide open flaps. DRV binding to PR20 is 8000 times weaker 
than WT PR. PRS17, HIV-1 with 17 mutations mostly distal to the active site, maintains active site contacts 
with DRV and has a dimer dissociation constant similar to WT PR. PRS17, like PR20, is extremely resistant 
to all clinical PIs despite having few changes to the active site or major mutations associated with resistance. 
The mechanism of PRS17 drug resistance is currently under investigation. 
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STRUCTURE-GUIDED DEVELOPMENT OF SMALL MOLECULE MODULATORS OF LIVER RECEPTOR 
HOMOLOG-1 
 
Michael L. Cato1, Emma H. D’Agostino1, Jeffery L. Cornelison2, Suzanne G. Mays1, Autumn R. Flynn2, C. 
Denise Okafor1, Nathan T. Jui2, Eric A. Ortlund1 
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2Department of Chemistry, Emory University, Atlanta, Georgia 
 
Liver receptor homolog-1 (LRH-1) is a nuclear receptor (NR) that is an attractive target for treating metabolic 
disorders. Our lab has used structure-activity relationship studies to identify regions of the LRH-1 ligand-
binding pocket (LBP) that can be targeted to modulate its activity. We have developed an agonist (“Cpd33”) 
that binds with high affinity (Ki : 2.1 nM) but contains a styrene that decreases biological stability and hinders 
exploration of interesting regions in the binding pocket. We therefore have substituted the styrene with an 
aniline substituent to develop a new compound (“Cpd33-aniline”) that binds and activates LRH-1 with high 
affinity and potency. Interestingly, the aniline substituent adopts an orientation proximal to the activation 
function surface (AFS), a binding interface that recruits coactivator proteins responsible for exerting LRH-1 
transactivation effects. This compound uniquely positions us to target a region of the binding pocket closely 
associated with LRH-1 activation to both enhance and potentially disrupt coactivator-dependent activity. 
Compounds developed from our studies will be useful for probing LRH-1 biology and treating metabolic 
disorders. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



UAB-SERCAT Structural Biology Symposium – Molecular Insights into Human Disease 
Edge of Chaos, March 14th and 15th, 2019 

 
TEACHING PHYSICAL BIOCHEMISTRY TECHNIQUES: PERFORMING NOVEL RESEARCH IN A 
LABORATORY CLASS 
 
Justin Catt 1; Cuny, ZG1; Yadav, D1; Johnson, MA1 
 
1Department of Chemistry, University of Alabama at Birmingham 
 
The emergence of research-driven laboratory courses are an attempt to improve student 
outcomes by cultivating a student’s abilities to think critically, to investigate research problems, 
and to understand the meaning of being a “scientist.”1 To give students these benefits, we have 
implemented a CURE (course-based undergraduate research experience) course in advanced 
physical biochemistry that probes protein binding events to describe the protein structure-function 
relationship. The novelty of this course is that it is student-driven, such that the direction of the 
course project is determined with the input of the students. This experience allows them to 
develop analytical skills and familiarizes them with established and novel techniques through 
investigations on a viral macrodomain protein. During the course, students performed sitedirected 
mutagenesis and selected mutant and multidomain proteins for further characterization. 
They then continued sample preparation by recombinant protein expression and purification, 
during which they learned how to optimize experimental conditions. Pure protein samples were 
characterized by several techniques such as circular dichroism (CD) spectroscopy and binding 
assays by saturation transfer difference (STD) NMR spectroscopy. From the acquired results, 
students will draw conclusions about the proteins and will present their results in both written and 
poster presentation formats. At the conclusion of the course, student learning will be assessed by 
comparing scores from pre- and post-course assessments. 
 
References: 
1. Rowland, S. L., Lawrie, G. A., Behrendorff, J. B. and Gillam, E. M. (2012), Is the undergraduate 
research experience (URE) always best?: The power of choice in a bifurcated practical stream for a 
large introductory biochemistry class. Biochem. Mol. Biol. Educ., 40: 46-62. doi:10.1002/bmb.20576  
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COMPUTATIONAL MODELING AND DOCKING TECHNIQUES TO IDENTIFY NEW FUNCTIONS OF 
MACRODOMAINS BASED ON METAGENOMICS DATA 

Shelbie Cingoranelli; Yadav, Dinesh; Johnson, MA 

Chemistry Department, University of Alabama at Birmingham 

Macrodomains are a class of proteins that have been found to bind to ADP-ribose and to reverse ADP-
ribosylation.  ADP-ribosylation is a post-translational modification that impacts multiple biological processes 
such as DNA repair, cell signaling and more1.   Homology modeling is a computational technique used to 
predict the protein structure from its amino acid sequence along with knowledge of solved protein structures.  
Computational docking is another technique that takes protein structure and runs it against a library of ligands 
to predict binding affinity as well as the possible binding modes, conformations and interactions of each. 
Macrodomain sequences were selected from species of bacteria, viruses, bacteriophages and metagenomic 
samples.  

The current paper is focused on using computational techniques such as homology modeling and docking 
programs that can be used to predict new functions and possible inhibitors of these macrodomains.  This 
prediction can also reveal new structural aspects of certain macrodomain proteins that have little to no 
research such as bacteriophages and bacterial species infecting the gastrointestinal tract.  The I-Tasser 
server as well as Phyre and Swiss-Model were used to give the predicted structure of the macrodomains.  
The structures were used in Autodock Vina using a ZINC docking library, the Human Biome library, containing 
various compounds.  These results were analyzed to determine possible inhibitors.  Steroids and bile acids 
were found to have affinity to many of the macrodomains, indicating that a new possible inhibitor could be a 
steroid.   In addition, potential functions of the proteins could involve inhibiting the cholesterol metabolism or 
cell signaling within the gastrointestinal tract, as seen with the bacterial and bacteriophage macrodomains.1 

1 Rack, J. G. M.; Perina, D.; Ahel, I. Annual Review of Biochemistry 2016, 84 (1), 431-454, 0066-4154 
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PHOSPHOLIPID MIMETIC AGONISTS FOR LIVER RECEPTOR HOMOLOG-1. 
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THE ANTITUMOR DRUG LB-100 IS A CATALYTIC INHIBITOR OF PROTEIN PHOSPHATASE 2A 
(PPP2CA) AND 5 (PPP5C) COORDINATING WITH THE ACTIVE SITE CATALYTIC METALS IN PPP5C 
 
 
Brandon M. D’Arcy#1,2, Mark R. Swingle#2, Cinta M. Papke2, Kevin A. Abney2, Erin S. Bouska2, Aishwarya 
Prakash1,3, and Richard E.  Honkanen1,2 
 

1 USA-Mitchell Cancer Institute, Mobile Alabama 36604; 2Department of Biochemistry and Molecular Biology, 
3Department of Pharmacology, University of South Alabama, Mobile AL 36688  
# Contributed equally 
 
LB-100 is an experimental cancer-therapeutic with cytotoxic activity against cancer cells in culture and 
antitumor activity in animals. The first Phase I trial (NCT01837667) evaluating LB-100 recently concluded 
that safety and efficacy parameters are favorable for further clinical testing. Although LB-100 is widely 
reported as a specific inhibitor of serine/threonine phosphatase 2A (PP2AC/PPP2CA:PPP2CB), we could 
find no experimental evidence in the published literature demonstrating the specific engagement of LB-100 
with PP2A in vitro, in cultured cells, or in animals. Rather, the premise for LB-100 targeting PP2AC is derived 
from studies that measure phosphate released from a phosphopeptide (K-R-pT-I-R-R) or inferred from the 
ability of LB-100 to mimic activity previously reported to result from the inhibition of PP2AC by other means. 
PPP5C shares a common catalytic mechanism with PP2AC, and here we demonstrate that the 
phosphopeptide used to ascribe LB-100 specificity for PP2A is also an excellent substrate for PPP5C. 
Inhibition assays using purified enzymes with three different substrates demonstrate that LB-100 is a catalytic 
inhibitor of both PP2AC and PPP5C. To further characterize the inhibitory action of LB-100, the structure of 
PPP5C co-crystallized with LB-100 was solved to a resolution of 1.65Å, revealing that the 7-
oxabicyclo[2.2.1]heptane-2,3-dicarbonyl moiety coordinates with the metal ions and key residues that are 
conserved in both PP2AC and PPP5C. CRISPR-mediated disruption of PPP5C expression in cell-based 
studies revealed some known actions of LB-100 are mimicked by the loss of PPP5C. These data demonstrate 
that LB-100 is a catalytic inhibitor of both PP2AC and PPP5C, and suggest that the observed antitumor 
activity might be due to an additive effect achieved by suppressing both PP2A and PPP5C.   
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STRUCTURAL CHARACTERIZATION OF THE INFLUENZA NUCLEAR EXPORT PROTEIN 

Morgan E. Davis1, Alex B. Kleinpeter1, and Chad M. Petit1 

1Department of Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, Al 
35294, USA 

The Influenza virus is a serious public health concern that causes yearly epidemics and has a strong potential 
as a pandemic threat. Different strains of influenza can vary in their transmissibility and virulence depending 
on the sequence of certain proteins encoded in the virus. One such protein is the nuclear export protein 
(NEP), which is essential in exporting Influenza virus ribonucleoproteins (vRNPs) from the nucleus for 
packaging into new virions. While the structures of several Influenza proteins have been solved, this has not 
yet been accomplished for the NEP. To fill this gap in our structural knowledge of Influenza proteins, we 
intend to use NMR to solve the structure of NEP. Once we have successfully accomplished this, we will be 
able to compare the structures of NEP from strains with differing levels of virulence. To achieve these goals, 
we have purified NEP from the A/Brevig Mission/1/1918 pandemic Influenza strain and have gathered 
preliminary NMR data. The HSQC spectrum we have obtained shows a single set of well-dispersed peaks 
that shows no degradation over a two-week period, indicating that NEP is a folded protein that will be 
amenable to NMR analysis. Our promising preliminary data suggests that we can continue our efforts to 
elucidate the structure of the Influenza NEP. The structural information gained from these studies will not 
only provide novel structural insights into NEP’s overall function but will also inform future design of novel 
anti-influenza therapeutics. 
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CHARACTERIZATION OF MULTIDOMAIN PROTEINS IN CORONAVIRUSES  

Ivon De Silva1, Andrew Staup1, Justin Catt1, Xuan Nick Tan1, Alexandra Samel2, Jamil Saad2, Norbert 
Schormann3, Champion Deivanayagam3, and Margaret Johnson1 
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3. Department of Biochemistry and Molecular Genetics, The University of Alabama at Birmingham, 

Birmingham, Alabama, U.S.A. 
 

MERS (Middle East respiratory syndrome) is a fatal respiratory disease caused by the infection of a beta 
coronavirus known as MERS-CoV which zoonotically originates from bat coronavirus HKU4.  Though it is 
believed that macrodomain proteins of MERS-CoV play an important role during their replication and 
virulence, their exact functions remain as questions for scientists.  Therefore, this can be considered as a 
critical issue for discovering effective treatments against this disease.  This research is focused to determine 
the structures and the functions of macrodomain proteins present in BtCoV-HKU4 such as HKU4BSM and 
HKU4BLM.  One of the main objectives of this research is to study how these macrodomain proteins possibly 
affect each other’s activities within nsp3.  Another goal of this research is to investigate the role of residues 
in the active site of HKU4B and interdomain linkers on macrodomain enzyme activity and ligand binding.  The 
hypothesis of this research is that the binding affinity of HKU4BSM and HKU4BLM to  nucleotide structures  
can be reduced by the presence of M domain.  

Both HKU4BSM and HKU4BLM were successfully expressed at 180C in LB/Amp medium using PlysS 
expression cells.  Then they were purified using IMAC (immobilized metal affinity chromatography) and SEC 
(Size Exclusion Chromatography) as folded proteins.  Both ITC (Isothermal titration Calorimetry) and STD 
(Saturation Transfer Difference) NMR experiments showed that HKU4BSM and HKU4BLM are capable of 
binding to ADP-ribose and its analogues.  Further, the dynamics of  HKU4B was studied by carrying out 
molecular dynamics analysis using a homology model of HKU4B.  This part of the research was able to reveal 
that highly flexible amino acid residues can be found in the conserved motifs such as GGG and SAGIF of the 
ADP-ribose binding pocket.  Such findings can be used to investigate the correlation of dynamics with enzyme 
activity and ligand binding ability using a molecular dynamics analysis of the HKU4 crystal structure, which 
is currently in progress.  

  



UAB-SERCAT Structural Biology Symposium – Molecular Insights into Human Disease 
Edge of Chaos, March 14th and 15th, 2019 

 
 
BIOPHYSICAL CHARACTERIZATION OF HIV-1 MATRIX MUTANTS AFFECTING THE 
INCORPORATION OF THE ENVELOPE GLYCOPROTEIN 

Gunnar Eastep, Jamil Saad 

Department of Microbiology, University of Alabama at Birmingham, Birmingham, AL 35294. 

The incorporation of the envelope glycoprotein (Env) is an essential step in the assembly of retroviruses. 
Though it is not the case for all retroviruses, the Env protein of some viruses such as HIV-1 bears an 
especially long cytoplasmic-tail (CT) domain. It is presently unclear what role the long CT domain plays in 
assembly. It is established that assembly of HIV-1 particles is initiated by the targeting of the structural Gag 
proteins to the plasma membrane (PM).Biochemical and genetic lines of evidence suggest that HIV-1 Env 
incorporation is mediated by interactions with the matrix (MA) domain of Gag. Recent biochemical studies of 
an MA mutant that enhances Env incorporation, Q63RMA, have attempted to link this mutant’s enhanced 
trimerization properties to increased Env incorporation. The model proposed by the authors asserts that the 
Q63R mutation changes the arrangement of a putative hexamer of MAtrimers on the PM resulting in a larger 
“gap” in the hexamer center which can better accommodate the CT of Env. Furthermore, it has been shown 
that Q63R MA, but not wild-type MA, can bind CT directly. In order to further explore this model, we 
characterized the Q63R mutant, as well as other MA mutants (L75G, L75E) which negatively affect Env 
incorporation. Using 1 H- 15 N HSQC Nuclear Magnetic Resonance (NMR) we have identified that minimal 
structural changes occur as a result of these mutations. Analytical ultracentrifugation (AUC) data indicate 
that the Q63R mutation does not significantly affect trimerization, shedding doubt on the prior hypothesis of 
how Q63R affects EnvCT accommodation and incorporation. In contrast, a reduction in trimerization was 
observed for the L75G and L75E mutants. This research provides a basis for further studies in our lab 
investigating oligomerization of MA mutants and its potential effect on CT binding, and challenges recent 
data on the Q63R MA mutant.   
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THE FIRST CRYSTAL STRUCTURE OF A DNA-FREE NUCLEAR RECEPTOR DNA BINDING DOMAIN 
SHEDS LIGHT ON DNA-DRIVEN ALLOSTERY IN THE GLUCOCORTICOID RECEPTOR 
 
Filipp Frank a, C. Denise Okafora, Eric A. Ortlunda,* 
 
aDepartment of Biochemistry, Emory University School of Medicine, Atlanta, GA 30322, USA 
 

The glucocorticoid receptor (GR) is a steroid hormone receptor of the nuclear receptor family that regulates 
gene expression in response to glucocorticoid hormone signaling. Interaction with specific GR DNA binding 
sequences cause conformational changes in the GR DNA binding domain (DBD) that result in recruitment of 
specific sets of co-regulators that determine transcriptional outcomes. We have solved the crystal structure 
of GR DBD in its DNA-free state, the first such crystal structure from any nuclear receptor. In contrast to 
previous NMR structures, this crystal structure reveals that free GR DBD adopts a conformation very similar 
to DNA-bound states. The lever arm region is the most variable element in the free GR DBD. Molecular 
dynamics of the free GR DBD as well as GR DBD bound to activating and repressive DNA elements confirm 
lever arm flexibility in all functional states. Cluster analysis of lever arm conformations during simulations 
shows that DNA binding and dimerization cause a reduction in the number of conformations sampled by the 
lever arm. These results reveal that DNA binding and dimerization drive conformational selection in the GR 
DBD lever arm region and show how DNA allosterically controls GR structure and dynamics in order to 
mediate co-regulator recruitment and subsequent transcriptional outcomes. 
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BIOCHEMICAL AND STRUCTURAL CHARACTERIZATION OF OASL UBIQUITIN-LIKE DOMAINS AND 
THEIR INTERACTIONS WITH VIRAL DEUBIQUITINASES 
 
Brendan Freitas1, Kailee Baker1, Ashton Clary1, John Dzimianski1, Florine Scholte2, Eric Bergeron2, Scott 
Pegan1 

 

1Department of Pharmaceutical and Biomedical Sciences, University of Georgia, Athens, Georgia 30602, 
UGA; 2Viral Special Pathogens Branch, Division of High Consequence Pathogens and Pathology, Centers 
for Disease Control and Prevention, Atlanta, Georgia 30333, CDC 
 
Ubiquitin (Ub) and ubiquitin-like molecules (Ubls) play key roles in the anti-viral immune response of many 
species. In response, many viruses have been found to encode deubiquitinases (DUBs) that reverse post-
translational modification of proteins by Ub and Ubls. Surprisingly, some DUBs show little to no activity 
towards Ub or another immune related Ubl, ISG15. Recently, 2’-5’ oligoadenylate synthetase-like proteins 
(OASLs) have been shown to play a role in the anti-viral response.  OASLs contain a catalytically inactive 
OAS domain as well as two tandem C-terminal Ubl domains. To determine whether OASLs tandem C-
terminal Ubl domains may be biochemically relevant substrates for viral DUBs, biochemical assays were 
performed using an array of several known viral DUBs. The results illustrated that these proteases varied in 
their abilities to productively process the tandem Ubl domains of OASLs in a manner similar to Ub and ISG15. 
Utilizing X-ray crystallography, a structure of the tandem Ubls motif within OASL was obtained. This structure 
allowed for the first time a comparison of this tandem OASL Ubls motif with Ubls, such as ISG15.  These first 
structural and biochemical glimpses into the tandem Ubls within OASL suggest they are a unique Ubl motif 
and that they could be viable targets for viral and host DUBs as well as illuminate a part of the role OASL 
plays in the immune response. 
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A FUNCTIONAL ASSIGNMENT FOR THE VESICULAR STOMATITIS VIRUS POLYMERASE 
CONNECTOR DOMAIN 
 
Joseph R. Gould1 , Shihong Qiu1, Qiao Shang1, Peter E. Prevelige1, Chad M. Petit2, Todd J. Green1 
 
1 Department of Microbiology, University of Alabama at Birmingham, Birmingham, AL 35294 
2 Department of Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, 
AL 35294. 
 
Vesicular Stomatitis Virus (VSV) is an archetypical member of Mononegavirales and has been used as a 
platform for fundamental insights into the molecular biology of nonsegmented negative-strand viruses (NNS). 
The simple molecular biology of the virus, which has only 5 proteins, has long enabled investigators to reduce 
NNS RNA synthesis to its most basic components. To produce mRNA transcripts and progeny genomes, a 
polymerase comprised of the viral large (L) and phospho- (P) proteins must negotiate a template comprised 
of both viral genomic RNA and the viral nucleocapsid (N) protein. Despite progress in the characterization of 
the individual structures of L, P, and N, the manner in which these proteins assemble to perform their function 
has not been characterized. Using nuclear magnetic resonance (NMR) and hydrogen-deuterium exchange 
(HDX), we have determined that the connector domain of the L protein accommodates a pro-initiation 
component of the phosphoprotein cofactor. Until now, no connector domain across the highly conserved L 
proteins of Mononegavirales had a function assigned to it. Functional assays in a cellular transfection system 
have confirmed the significance of the connector-P interaction, and we present a structural model based on 
docking studies for the connector-P interaction in the context of the full L protein. Finally, we combine our 
data to suggest a conserved function of connector domains generally in Mononegavirales. 
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CHARACTERIZING HIV-1 ENVELOPE N-GLYCAN SHIELD 

Audra A. Hargett1, Qing Wei1, Barbora Knoppova2, Stacy Hall1, Milan Raska1,2, Zina Moldoveanu1, Reda 
Rawi3, Gwo-Yu Chuang3, Chen-Hsiang Shen3, Peter Kwong3, Jan Novak1, Matthew B. Renfrow1 

1University of Alabama at Birmingham, Birmingham, AL; 2Palacky University in Olomouc, Olomouc, Czech 
Republic 3NIH, Bethesda, MD 

HIV-1 envelope glycoprotein (Env) gp120/41 trimer, the sole surface protein of HIV-1 virions, initiates entry 
of the virus into host cells and is a target of the host’s immune system. Approximately 90 N-glycans of 
gp120/41 trimer form a glycan shield that is the primary interface between the virus and host immune system. 
However, how individual N-glycosylation site (NGS) mutations coordinate to evade the immune system is not 
well understood. Using highresolution mass spectrometry, we can track shifts in N-glycan heterogeneity due 
to mutations observed in immune escape viral variants. The shifts in heterogeneity defined a range of NGS 
sequons confined to a structural region that we used for a mutation cluster analysis using the HIV-1 LANL 
database. We found a finite number of sequons within a specific microdomain (high-mannose patch) and 
created an immune-escape map of conserved and variable glycans. A 500-ns molecular dynamics simulation 
of the gp120/41 trimer variants provided further insight into the structural dynamics of the glycan movements 
within each microdomain that serve to shield Env. We tested how shifting the number of sequons within one 
microdomain (highmannose patch) could affect Env functionality. Four Env gp120 trimeric variants that have 
5, 4, 4, and 3 sequons, respectively, in the high-mannose patch microdomain were analyzed for their 
infectivity, ability to bind CD4 receptor, and sensitivity to antibody neutralization. These studies provide detail 
on how we can identify Env N-glycan microdomains and utilize these microdomains to predict viral-escape 
mutations.  
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“THE ROLE OF CCM IN THE TRANSFORMATION OF BACTERIOPHAGE 𝜙12 CAPSIDS” 
 
N’Toia Hawkins1, Terje Dokland1, Keith Manning1, James Kizziah1, Jun Liu2, Jose Penadés3  
 
1University of Alabama Birmingham Department of Microbiology 2Yale University 3University of Glasgow 
 
Staphylococcus aureus is a species of bacteria that can cause a wide range of infections of skin and soft 
tissues. They are capable of this through the expression of numerous virulence factors that are often encoded 
on mobile genetic elements, such as pathogenicity islands.Staphylococcus aureus pathogenicity islands 
(SaPIs) are normally stably integrated into the bacterial genome but can be mobilized by specific “helper” 
bacteriophages, including 80a and f12. When SaPIs are packaged, they often cause the capsids of their 
helpers to become smaller. SaPIs that are mobilized by 80a, such as SaPI1 and SaPIbov1, encode an 
internal scaffolding protein that is responsible for the size direction in this system. SaPIs mobilized by f12, 
such as SaPIbov5, encode an alternative capsid protein that is required for the size change. However, the 
exact mechanism by which capsid size is altered in the f12 system remains unclear. By using cryo EM as 
well as other biochemical and genetic techniques, we intend to determine the structure and mechanism by 
which the capsid protein is responsible for size change. Investigating the intricacies of capsid shrinkage in 
these systems will allow us tobetter understand genetic mobilization and its role in spreading virulence. 
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ELUCIDATING THE STRUCTURAL BASIS FOR HUMAN T-CELL LEUKEMIA VIRUS 1 GAG 
POLYPROTEIN PLASMA MEMBRANE TARGETING FOR VIRUS ASSEMBLY 
 
Dominik Herrmann and Jamil S. Saad 
 
Department of Microbiology, The University of Alabama at Birmingham, AL 
 
Prevalence of HTLV-1 infections has rapidly increased with rates exceeding 40% among adults in remote 
regions of central Australia. Furthermore, HTLV-1 possesses exceptional oncogenicity with 5-10% of infected 
individuals developing an aggressive form of T-cell leukemia during their lifetime and is arguably one of the 
most potent human carcinogens [1]. During retroviral assembly, the Gag polyproteins are targeted to the 
plasma membrane (PM) for assembly. Gag-membrane interaction is mediated by the N-terminal matrix (MA) 
domain, which for most retroviruses contains an N-terminal myristoyl (myr) group.  Plasma membrane 
components such as phosphatidylinositol 4-5 bisphosphate (PI4,5)P2) have been identified as critical for Gag 
assembly for several retroviruses including HIV-1 [2-4]. The mechanism by which HTLV-1 Gag assembles 
on the PM is not well understood. We employ NMR, biochemical and biophysical methods to identify the 
molecular determinants of HTLV-1 Gag assembly on the PM. Toward this end, we expressed and purified 
the full-length HTLV-1 MA protein via recombinant techniques. Both unmyristoylated and myristoylated 
proteins have been produced and verified by mass spectrometry. We show that the MA protein has tendency 
to form a homodimer via disulfide bonding.  We will present preliminary NMR data on the unmyristoylated 
MA protein and its interaction with membrane lipids.  
 
1. Tagaya, Y. and R.C. Gallo, The Exceptional Oncogenicity of HTLV-1. Frontiers in microbiology, 2017. 
8: p. 1425-1425. 
2. Saad, J.S., et al., Structure of the myristylated human immunodeficiency virus type 2 matrix protein 
and the role of phosphatidylinositol-(4,5)-bisphosphate in membrane targeting. Journal of molecular biology, 
2008. 382(2): p. 434-447. 
3. Hamard-Peron, E., et al., Targeting of murine leukemia virus gag to the plasma membrane is 
mediated by PI(4,5)P2/PS and a polybasic region in the matrix. Journal of virology, 2010. 84(1): p. 503-515. 
4. Vlach, J., et al., Structural basis for targeting avian sarcoma virus Gag polyprotein to the plasma 
membrane for virus assembly. J Biol Chem, 2018. 293(49): p. 18828-18840. 
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MUTATION-INDUCED CHANGES IN ACTIVE-SITE DYNAMICS LEADS TO INACTIVATION OF THE 
FLAVIN COFACTOR IN D-ARGININE DEHYDROGENASE FROM PSEUDOMONAS AERUGINOSA 
 
Archana Iyer1, Renata Almeida Garcia Reis1, Swathi Gannavaram1, Mohamed Momin1, Alexander M. 
Spring-Connell1, Markus W. Germann1, Johnson Agniswamy2, Irene T. Weber1,2, Siming Wang1, Donald 
Hamelberg1, 3 and Giovanni Gadda1, 2, 3, 4 
 

1Department of Chemistry, 2Department of Biology, 3Center for Diagnostics and Therapeutics, 4Center for 
Biotechnology and Drug Design, Georgia State University, Atlanta, Georgia 30302, United States 
 
D-arginine dehydrogenase from Pseudomonas aeruginosa (PaDADH; E.C. 1.4.99.6) is an FAD-dependent 
enzyme that catalyzes the oxidation of D-arginine to iminoarginine1. Residue Y249 in the PaDADH active site 
was mutated to phenylalanine (Y249F) to investigate its role in substrate binding and catalysis. Purification 
of the Y249F variant of PaDADH yielded two distinct protein fractions: one with FAD, which was enzymatically 
active (Y249F-y), and one that was green , which was unreactive (Y249F-g)2. The identity of the modified 
green cofactor was established as an FAD hydroxylated at the C6 position by NMR, mass spectrometry, and 
X-ray crystallography.  
 
The X-ray crystal structures of the Y249F variant of PaDADH with 6-OH-FAD (Y249F-g) and with FAD 
(Y249F-y) were solved at a resolution of 1.55 Å and 1.33 Å. Further analysis of Y249F-y structure revealed 
conformational dynamics of residues Arg222, Arg305 and the isoalloxazine moiety of the flavin cofactor, 
which were not observed in the wild-type structure of PaDADH (PDB: 3NYE)3. We hypothesize that the 
conformational isomer observed in Y249F-y, which is made possible due to the mutation, is responsible for 
the modification on the flavin cofactor. Molecular dynamics analysis on the Y249F-y structure also reveal that 
there is a conformational state that is made accessible in the Y249F-y mutant structure that is otherwise not 
accessible in wild-type PaDADH. 
 
This work was supported in part by grant CHE-1506518 from the NSF 
 
References 
[1] Ouedraogo, D., Ball, J., Iyer, A., Reis, R. A. G., Vodovoz, M., and Gadda, G. (2017) Amine oxidation by 
D-arginine dehydrogenase in Pseudomonas aeruginosa, Arch Biochem Biophys 632, 192-201. 
[2] Gannavaram, S., Sirin, S., Sherman, W., and Gadda, G. (2014) Mechanistic and computational studies 
of the reductive half-reaction of tyrosine to phenylalanine active site variants of D-arginine dehydrogenase, 
Biochemistry 53, 6574-6583. 
[3] Fu, G., Yuan, H., Li, C., Lu, C. D., Gadda, G., and Weber, I. T. (2010) Conformational changes and 
substrate recognition in Pseudomonas aeruginosa D-arginine dehydrogenase, Biochemistry 49, 8535-8545. 
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IDENTITY OF RESIDUE 21 IN THE INFLUENZA A NS1 RNA-BINDING DOMAIN PLAYS A SIGNIFICANT 
ROLE IN NS1-MEDIATED RIG-I ANTAGONISM 

Alexander S. Jureka1, Alex B. Kleinpeter1, Jennifer Tipper2, Kevin Harrod2, and Chad M. Petit1* 

1Department of Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, 
AL 35294, USA 

2 Department of Anesthesiology and Perioperative Medicine, University of Alabama at Birmingham, 
Birmingham, AL 35294, USA 

The influenza virus non-structural protein 1 is well known to antagonize the host innate immune response 
through its interaction with the innate immune sensor, retinoic acid inducible gene I (RIG-I). While the 
complete mechanism of the NS1:RIG-I interaction remains unclear, we were the first to demonstrate a direct 
interaction between the NS1 RNA-binding domain (NS1RBD) from the 1918H1N1 influenza virus and the second 
caspase activation and recruitment domain (CARD2) of RIG-I using NMR. In addition, we also identified that 
mutation of Arg 21 in the 1918H1N1 NS1RBD to Gln (R21Q) completely abrogated the NS1:CARD2 interaction. 
Given that CARD2 plays a critical role in RIG-I activation through its ubiquitination and that wild-type NS1 is 
known to inhibit the ubiquitination of CARD2 during infection, we hypothesized that the R21Q mutation in 
NS1 may result in less efficient antagonism of CARD2 ubiquitination. To determine the role that residue 21 
in NS1 plays during infection, we constructed recombinant PR8 influenza viruses with WT and R21Q-mutant 
NS1s using reverse genetics (rPR8WT and rPR8R21Q). We found that during infection, rPR8R21Q results in 
significantly increased IRF3 phosphorylation and IFN-β induction suggesting that rPR8R21Q is a more potent 
activator of RIG-I signaling. This data is supported by overexpression studies where we determined that 
R21Q mutant NS1 (NS1R21Q) is significantly less efficient in preventing TRIM25-mediated ubiquitination of 
the RIG-I CARDs when compared to WT NS1 (NS1WT). Additionally, we confirmed that the molecular basis 
behind these differences is indeed due to NS1R21Qs inability to interact with the RIG-I CARDs in a TRIM25-
independent manner. These findings demonstrate that the R21Q mutation in the NS1RBD results in increased 
RIG-I activation and type I interferon induction due to deficient antagonism of ubiquitination of the RIG-I 
CARDs. Consequently, viruses with the R21Q mutation may be less virulent than strains containing an Arg 
at position 21 in the NS1 protein. These novel findings are yet another example of structural biology informing 
on overall protein function that we hope will aid in future surveillance of emerging strains and the discovery 
of novel therapeutics for the influenza virus. 

  



UAB-SERCAT Structural Biology Symposium – Molecular Insights into Human Disease 
Edge of Chaos, March 14th and 15th, 2019 

 
STRUCTURAL BASIS FOR THE INTERACTIONS BETWEEN CONTACTINS AND THE AMYLOID 
PRECURSOR FAMILY MEMBERS 
 
Sebastian Karuppan and Samuel Bouyain 
 
School of Biological Sciences, University of Missouri-Kansas City, 5100 Rockhill Road, Kansas City, MO 
64110 
 
The development of the nervous systems involves a multitude of cell surface receptors which drive neural 
tissue growth. Contactins (CNTNs) 3-5 are GPI-anchored members of the Ig superfamily of cell adhesion 
molecules conserved throughout the metazoan lineage. Specific roles of CNTNs include axon guidance, 
myelination, and synaptogenesis. These receptors associate with amyloid precursor protein (APP), another 
well conserved protein involved in neural development. The role of APP in neural development is less well 
characterized than its role in Alzheimer’s disease, but current work indicates that APP and its homologs 
(APLP1 and 2) are implicated in neural cell migration, axon guidance, and synaptic pruning. Critically, a 
molecular basis for APP-CNTN interactions has been lacking despite their physiological relevance. Here we 
show that CNTN-APP interactions occur between a single FN domain in CNTN and the copper-binding 
domain found in APP. These findings were confirmed using bio-layer interferometry, and these experiments 
suggest that CNTN-APP interactions are transient and of moderate to weak affinity. These results set the 
stage for dissecting the functions of APP-CNTN complexes in the nervous systems of metazoans.  
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STRUCTURAL ANALYSES REVEAL THE MECHANISM OF INHIBITION OF INFLUENZA VIRUS NS1 BY 
TWO ANTIVIRAL COMPOUNDS  

Alex B. Kleinpeter1 , Alexander S. Jureka1 , Sally M. Falahat1 , Todd J. Green2 , Chad M. Petit1 
  

1 Department of Biochemistry and Molecular Genetics, University of Alabama at Birmingham, 
United States 
2 Department of Microbiology, University of Alabama at Birmingham, United States 
 
The influenza virucatt 

s is a significant public health concern causing 250,000–500,000 deaths worldwide each year. Its ability to 
change quickly results in the potential for rapid generation of pandemic strains for which most individuals 
would have no antibody protection. This pandemic potential highlights the need for the continuous 
development of new drugs against influenza virus. As an essential component and well-established virulence 
determinant, NS1 (nonstructural protein 1) of influenza virus is a highly prioritized target for the development 
of anti-influenza compounds. Here, we used NMR to determine that the NS1 effector domain (NS1ED) 
derived from the A/Brevig Mission/1/1918 (H1N1) strain of influenza (1918H1N1) binds to two previously 
described anti-influenza compounds A9 (JJ3297) and A22. We then used X-ray crystallography to determine 
the three-dimensional structure of the 1918H1N1 NS1ED. Furthermore, we mapped the A9/A22-binding site 
onto our 1918H1N1 NS1ED structure and determined that A9 and A22 interact with the NS1ED in the 
hydrophobic pocket known to facilitate binding to the 30-kDa subunit of the cleavage and polyadenylation 
specificity factor (CPSF30), suggesting that the two compounds likely attenuate influenza replication by 
inhibiting the NS1ED–CPSF30 interaction. Finally, our structure revealed that NS1ED could dimerize via an 
interface that we termed the α3–α3 dimer. Taken together, the findings presented here provide strong 
evidence for the mechanism of action of two anti-influenza compounds that target NS1 and contribute 
significant structural insights into NS1 that we hope will promote and inform the development and optimization 
of influenza therapies based on A9/A22.   
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CRYO-EM RECONSTRUCTION OF THE STAPHYLOCOCCUS AUREUS PHAGE 80Α BASEPLATE AT 
3.75Å RESOLUTION 
 
James L. Kizziah1, Altaira D. Dearborn2, Keith A. Manning1, and Terje Dokland1 

 
1Department of Microbiology, University of Alabama at Birmingham, Birmingham, AL 35294 
2National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS), Bethesda, MD 20892 
 
Staphylococcus aureus is an opportunistic pathogen and a common cause of human infections. In S. aureus, 
horizontal transfer of genes, including those encoding virulence factors and antibiotic resistance, usually 
occurs through bacteriophage transduction. The S. aureus-infecting phage 80α consists of an icosahedral 
capsid containing its DNA genome, a long non-contractile tail, and an ornate baseplate. It is one of the best 
described phages of S. aureus and is representative of other related S. aureus-infecting phages. The 
baseplate is the main point of interaction between the phage and the host, contributes to determining host 
specificity, and plays a key role in cell wall penetration and DNA ejection, though very little is known about 
the baseplates of S. aureus-infecting phages. The objective of this study was to illuminate these essential 
processes by determining the 3D structure of the 80α baseplate.  
Using cryo-electron microscopy and single-particle analysis, we generated a 3D reconstruction of the 80α 
baseplate at 3.75Å resolution and modeled several baseplate proteins. The previous crystal structure of the 
receptor-binding protein (RBP) from the related phage φ11 is nearly identical to the structure of 80α RBP, 
suggesting a conserved wall teichoic acid-dependent host-binding mechanism. The major tail protein (MTP) 
and Dit protein, to which the RBPs attach, are core baseplate components that establish a continuous, highly 
negatively charged β-barrel that likely allows unimpeded ejection of the DNA upon infection. Previously 
unidentified interactions between MTP and Dit proteins likely stabilize the tail and baseplate structure. In 
addition to RBP, the tail fiber protein, FibL, may serve as a secondary receptor binding protein. FibL and the 
second fiber, FibU, are chimeric structures possessing modeled and predicted domains from various phage 
and non-phage protein structures despite employing novel means of attachment to the baseplate. While 
some structures and interactions of 80α baseplate proteins are widely conserved among phage tails and 
related structures, others represent the evolutionary expansion and modification of previously described 
motifs. Our structure will allow targeted future studies to elucidate the fundamental features of the baseplate 
required for its essential functions and how these features may be adjusted to suit different hosts and 
mechanisms of infection.  
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HIGHLY DRUG-RESISTANT HIV-1 PROTEASE USES CLUSTERS OF DISTAL MUTATIONS FOR 
COORDINATED STRUCTURAL CHANGES 
 
Daniel W. Kneller1, Johnson Agniswamy1, Robert W. Harrison2, and Irene T. Weber1,3 
 
Departments of 1Biology, 2Computer Science, and 3Chemistry, Georgia State University, Atlanta, Georgia 
30303, USA 
 
HIV-1 protease is an important drug target for AIDS treatment. Here, a clinical isolate protease identified 
using machine learning (PRS5B) is characterized using enzyme kinetic assays and X-ray crystallography. 
PRS5B displays up to 8000-fold worse inhibition of substrate processing in the presence of 8 clinical 
inhibitors. X-ray crystal structures of PRS5B complexed with two inhibitors show minimal changes in 
protease-inhibitor interactions relative to wild-type structures. Compared to wild-type and other highly-
resistant protease mutants, PRS5B features large conformational changes in important regions of the 
protease distal to the active site. Two coordinated mutation clusters induce fewer favorable interactions with 
inhibitor.  PRS5B likely employs drug-independent resistance mechanisms to process substrate in the 
presence of inhibitors. Understanding the molecular framework contributing to drug resistance is important 
for rational design of future HIV drugs. 
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A STRUCTURAL BASIS FOR POLYSPECIFIC DRUG BINDING IN P-GLYCOPROTEIN 
 
Christina Le, Scott Harvey, and Stephen Aller  
 
Department of Pharmacology and Toxicology 
 
The ACS predicts ~1.7 million new cancer cases and ~606,880 deaths in the US for 2019. Of these cases, 
~90% of patients with metastatic cancer are expected to develop multidrug resistance (MDR). A major 
mechanism of MDR arises from ATP-binding cassette (ABC) transporters in which they function as molecular 
pumps to prevent the penetration of toxins and anti-cancer agents through the lipid bilayer and into cells. P-
glycoprotein (P-gp) is one of the most prevalent pumps upregulated in MDR. Many chemotherapeutic drugs 
are now known to be substrates of P-gp. P-gp is unique amongst related ABC transporters in its ability to 
recognize and transport the most chemically diverse and greatest number of substrates. This concept, called 
“polyspecificity”, is still poorly understood for all ABC transporters. Structural and biochemical studies have, 
for a very limited number of small molecules, determined the location of binding to a pre-transport 
conformation of P-gp. Substrate binding occurs in a large internal cavity in which several of the same amino 
acid sidechains interact with different compounds (we call “hot spot” residues), while other residues appear 
to be specific for interacting with specific compounds. To further explore the mechanism of polyspecificity, 
we have made site-specific mutations to test the hypothesis that compensatory mechanisms will allow shifts 
in binding of substrates, as opposed to complete loss of binding, in a manner that likely permits transport. 
We report x-ray crystal structures of P-gp using bromine-based anomalous scattering to precisely localize 
the binding shifts of small molecules to mutants of P-gp. This work provide the first structural basis for 
polyspecificity of P-gp and gives insights into the mechanism of cancer multidrug resistance that might better 
inform efforts to design compounds for evading P-gp and MDR. 
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STRUCTURE OF AN INSECTICIDAL TOXIN AND ENGINEERING FOR CLINICAL APPLICATIONS 
 
Cole Martin, Todd Green, Lawrance DeLucas, Christopher Radka and Stephen Aller 
 
 
We have solved the structure of the insecticidal toxin, XptA2, at 3.2 Å resolution utilizing both cryo-EM and 
x-ray crystallography. XptA2 contains cell surface targeting IgG-like domains constructed around a 
pentameric toxin delivery channel and transmembrane piercing domains. A flexible linker domain in a similar 
tripartite toxin ortholog was previously proposed to be the driving force for conformational change into the 
pore forming state after binding to cell surface targets and internalization.  Conversely, our structures reveal 
a high degree of disorder and a lack of strain on the linker region in the pre-pore state suggesting a low 
amount of potential energy.  We therefore challenge the idea that the linker represents a spring initiating the 
transition from the pre-pore state into the pore state. We first tested the hypothesis that a continuous linker 
is not needed for XptA2 to fold and assemble into the pre-pore pentamer.  XptA2 was expressed as two 
halves in which the linker was truncated by a stop codon introduced into “frag1”, and translation of “frag2” 
was initiated by an artificially introduced Methionine start codon. Two-fragment (“2-frag”) XptA2 was able to 
form a mature pre-pore pentamer by negative stain electron microscopy. Experiments to convert “2-frag” to 
the pore state are in progress. In parallel work, we have explored the idea of engineering XptA2 for targeting 
mammalian cells for clinical use.  Importantly, wild type XptA2 is non-toxic to mice and is cleared in a manner 
that is similar to other control non-toxic proteins.   
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ANALYZING ANTI-CANCER REXINOIDS BY HYDROGEN DEUTERIUM EXCHANGE MASS 
SPECTROMETRY 

Nathalia Melo1, Peter Prevelige1, Donald D. Muccio1, Matthew B. Renfrow1 

Biochemistry Stem Cell and Structural Biology Theme, 1University of Alabama at Birmingham, Birmingham, 
AL 

Retinoid X Receptor (RXR), a nuclear receptor, is involved in ligand inducible transcription and is a key 
modulator of cellular proliferation, differentiation, and growth. Targretin (bexarotene) is an FDA approved 
RXR specific (rexinoid) compound currently used to treat Cutaneous T-Cell Lymphoma (CTCL); however, it 
hyperstimulates RXR:LXR signaling causing there to be an increase in total triglycerides leading to 
hyperlipidemia toxicities associated with its use in treatment of CTCL.1,2 A functionally similar rexinoid 
developed at UAB, 9-cisUAB30, is non-toxic and a weak agonist in the liver.3 It is our goal to interrogate 
possible modifications to 9-cisUAB30 that increase its anti-cancer potency while still remaining non-toxic. To 
accomplish this task, we will use Hydrogen Dueterium exchange mass spectrometry (HDX-MS) which will 
provide dynamic structural information on the RXR and 9-cisUAB30 derivative interactions. Our recently 
upgraded automated HDX robotic platform coupled to a Synapt G2-Si high definition MS, will allow for the 
reproducible analysis of multiple on-exchange time points for several protein-ligand complexes. Through this 
analysis, we can visually see unique binding profiles amongst these rexinoid’s binding patterns. The side-by-
side comparison provides a dynamic profile of how the different compounds bind the same ligand-binding 
pocket to determine if there are any distinct dynamics that can be correlated with RXR selective agonists and 
or ligand specific toxicities. By accumulating profiles for different RXR bound agonists, we may be able to 
become predictive of what a high potency and or low toxicity profile looks like to guide the optimization of 9-
cis-UAB30. This work is supported by NIH P01CA210946.  
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STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF STREPTOCOCCUS INTERMEDIUS 
SURFACE ANTIGEN PAS  

Joshua Mieher 1 , Norbert Schormann 1 , Manisha Patel 1 , Sangeetha Purushotham 1 , Hui Wu 2 , 
Champion Deivanayagam 1 .  
 
1 Department of Biochemistry and Molecular Genetics, 2 School of 
Dentistry, University of Alabama at Birmingham, AL. 
 

Subgingival dental plaque can lead to periodontal disease; the infection can lead to tooth loss 
as well as leaving the host susceptible to bacterial invasion of the blood stream. Streptococcus 
intermedius is a commensal oral bacterium with broad pathogenic potential, contributing to 
periodontitis orally as well as causing purulent extraoral infections which can result in abscesses 
in the lung, liver and brain (1-3). Pas is an AgI/II-family surface antigen on Streptococcus 
intermedius and serves as a target for understanding the bacterial-host interaction. Given the 
ability of AgI/II family proteins to adhere to glycoprotein 340 (Gp340), this study aims to 
characterize the structure of Pas and its interactions with Gp340 as a factor in its attachment to 
host surfaces. X-ray crystallography shows V Pas and C 123 Pas adopt folds similar to that of AgI/II, 
indicating high similarity in these structures. Like other AgI/II family V-regions of AgI/II, GbpC 
and SspB, V Pas has a conserved calcium binding site. Surface plasmon resonance studies show 
every construct of Pas, FL Pas , V Pas and C 123 Pas interacted with high nanomolar affinity to SRCRs 
and Gp340. The nanomolar affinities were not much different from its binding affinities 
compared to AgI/II and SspB, which is in line with the structures showing a high degree of 
similarity. 
 
References: 
1. Mishra AK, Fournier PE. 2013. The role of Streptococcus intermedius in brain abscess. Eur J 
Clin Microbiol Infect Dis 32:477-83. 
2. Tran MP, Caldwell-McMillan M, Khalife W, Young VB. 2008. Streptococcus intermedius 
causing infective endocarditis and abscesses: a report of three cases and review of the 
literature. BMC Infect Dis 8:154. 
3. Catalya S, Komal B, Tulpule S, Raoof N, Sen S. 2017. Isolated Streptococcus intermedius 
pulmonary nodules. IDCases 8:48-49.   
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STRUCTURAL BASIS FOR HIV-1 ENVELOPE INCORPORATION INTO VIRUS PARTICLES 
 
R. Elliot Murphy, Alexandra B. Samal, Jiri Vlach, and Jamil S. Saad 
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The surface envelope glycoprotein (Env) of human immunodeficiency virus  type 1 (HIV-1) mediates viral 
infection of host cells. The mechanism by which Env is incorporated into budding virus particles is poorly 
understood. However, there is an abundance of evidence suggesting that this mechanism may be mediated 
by an interaction between the cytoplasmic tail of Env (gp41CT) and Matrix (MA), the membrane-binding 
domain of the Gag polyprotein. We have recently determined the structure of gp41CT and characterized its 
interactions with the membrane using nuclear magnetic resonance (NMR) techniques. We now set our sights 
on characterizing the interactions between gp41CT and MA bound to a membrane memetic. Cryo- electron 
tomography studies have provided details about the structure of the immature Gag lattice. However, the 
structure of MA in a membrane bound state remains largely unresolved. We have devised the proper 
conditions for the formation of a MA-membrane complex. Structural characterization of this complex will 
provide insights into the organization of MA on the inner leaflet of the plasma membrane, where it purportedly 
interacts with gp41CT. The complex we have produced consists of three components: lipid nanodiscs, a 
protein construct comprised of MA tethered to a trimerization domain called Foldon, and an antigen binding 
fragment (fab) for improved stability and increased mass. With this complex, we intend to utilize single particle 
cryo-electron microscopy to obtain high-resolution structural data on MA bound to membrane and ultimately 
to gp41CT incorporated into membrane. Altogether, our studies will provide insights into the mechanism of 
HIV-1 envelope incorporation into virus particles. 
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STAR – A NEW APPROACH FOR MEASURING THE DYNAMICS OF CLATHRIN MEDIATED 
ENDOCYTOSIS. 
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Clathrin mediated endocytosis is a dynamic process whereby vesicles are created at the plasma membrane 
to internalize a wide range of cargos. The formation of clathrin coated vesicles is driven by changes in 
membrane architecture and composition. Many of the molecular components involved in clathrin mediated 
endocytosis are known, and their dynamics relative to one another are defined. Similarly, the morphological 
stages of vesicle formation have been defined by static electron microscopy. However, the connection 
between the fluorescence based measurements of protein dynamics and the fixed cell electron microscopy 
data elucidating membrane shape remains unclear. Because methods that report membrane shape rely on 
fixed samples and protein dynamics on live fluorescence microscopy, we needed a new technique to unify 
protein dynamics with membrane shape throughout this highly dynamic process. 
Here we present Simultaneous Two-wavelength Axial Ratiometry (STAR), as an advanced microscopy 
technique for resolving the correlation between protein and membrane shape dynamics during vesicle 
formation, maturation and scission in real-time. We address two models of clathrin association at the plasma 
membrane during endocytosis: clathrin accumulating simultaneously with membrane deformation or 
accumulating as a flat lattice that then deforms to a pit. To do so, we imaged clathrin tagged with the STAR 
probe along with dynamin-2 transfected into Cos-7 cells. Whereas clathrin is a marker for vesicle formation, 
dynamin-2 is required for scission and allows us to discern completed endocytic events from abortive pits. 
We show that the membrane deforms as clathrin is accumulating, and pits do not appear out of flat clathrin 
lattices. We further distinguished three groups of endocytic events, suggesting there is not one unified 
pathway. 
 
Herein we present a powerful approach appropriate for the integration of protein dynamics with membrane 
shape changes during highly dynamic endocytic events in living cells with nanometer axial resolution. With 
future examination of other endocytic proteins, we hope to unify the physical process of vesicle formation in 
clathrin mediated endocytosis with its dynamics. 
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Dissection of substrate recognition and modification by the aminoglycoside-resistance 16S rRNA 
(G1405) methyltransferase RmtC 
 
Meisam Nosrati, Debayan Dey and Graeme L. Conn 
 
Department of Biochemistry, Emory University School of Medicine, Atlanta GA 30329 
 
With increasing resistance to widely used antibiotics and their retained activity against Gram negative 
pathogens, there has been a recent reevaluation of aminoglycoside use in the treatment of serious bacterial 
infections. Recent progress in the semi-synthesis of novel aminoglycosides and mitochondrial ribosome 
structural biology also hold promise for aminoglycosides with reduced side-effects that might be more widely 
applicable. However, the emergence and rapid spread of clinical strains expressing an aminoglycoside-
resistance 16S rRNA (m7G1405) methyltransferase (ArmA or Rmt A-H) pose a new threat to the efficacy of 
both current and new aminoglycosides such as plazomicin. These enzymes methylate the 30S ribosome 
subunit on the N7 position of 16S rRNA nucleotide G1405 to confer high-level, class-wide resistance to all 
4,6-disubstituted 2- deoxystreptamine aminoglycosides, including gentamicin, amikacin and plazomicin. 
Studies of these resistance enzymes’ structures and mechanisms of action are thus urgently needed to 
provide a starting point for countering their effects and retaining the use of aminoglycosides in the clinic. 
Using a fluorescence polarization binding assay and structure-guided mutagenesis, we have begun to define 
the mechanistic molecular details of how these enzymes recognize their 30S ribosome subunit substrate and 
catalyze the methylation reaction. The electrostatic potential surface obtained from a new crystal structure of 
one resistance methyltransferase (RmtC) and sequence alignment across the enzyme family were used to 
dissect the important residues in 30S binding. Further mutagenesis of other conserved and functionally 
important residues suggests they may be critical in stabilizing the enzyme-16S rRNA complex in the 
conformation required for catalysis (such as stabilizing a “flipped” conformation of G1405), but not directly for 
30S binding based on our 30S affinity measurements. Collectively, the results of this study can be a platform 
for developing inhibitors of these resistant determinants to ensure the efficacy of the new generation of 
aminoglycoside antibiotics. 
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COMPUTATIONAL CHARACTERIZATION OF MEMBRANE-BOUND STEAROYL-COA DESATURASE, 
AN IMPORTANT METABOLIC CONTROL POINT 
 
Anna Petroff1, Joseph Ng1, Ryan Yates2, and Jerome Baudry1  
 
1University of Alabama in Huntsville Department of Biological Sciences 
2University of Tennessee College of Pharmacy 

 
Stearoyl-CoA Desaturase (SCD) catalyzes a rate-limiting step in the formation of unsaturated fatty acids. 
SCD, a membrane-bound desaturase found in the endoplasmic reticulum, introduces a double bond at the 
delta-9 position of stearoyl-CoA (18:0) and palmitoyl-CoA (16:0), resulting in the production of oleoyl-CoA 
(18:1) and palmitoleyl-CoA (16:1), respectively. These products are key for the formation of phospholipids 
and triglycerides, making the action of SCD both an interesting metabolic control point and an important 
contributor to the physical properties of membranes. Because the desaturation reaction relies on molecular 
oxygen and a strongly nonpolar substrate, computational methods aid in the investigation of this enzyme. In 
this work, we placed the recently-resolved SCD crystal structure 4ZYO into a computationally-generated 
membrane and ran molecular dynamics using NAMD. Results suggest new features that contribute to protein 
action. 
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EGFR ACTIVATION ATTENUATES THE MECHANICAL THRESHOLD FOR INTEGRIN TENSION AND 
FOCAL ADHESION FORMATION 

Tejeshwar C. Rao1, Victor Pui-Yan Ma2, Aaron Blanchard3, Tara M. Urner1, Shreya Grandhi1, Khalid 
Salaita2,3, and Alexa L. Mattheyses1*  

1Department of Cell, Developmental, and Integrative Biology, University of Alabama at Birmingham, 
Birmingham AL 
2Department of Chemistry, Emory University, Atlanta, Georgia 
3Wallace H. Coulter Department of Biomedical Engineering, Georgia Institute of Technology and Emory 
University, Atlanta, Georgia 
 

Mechanical forces are critical for cellular functions including adhesion, migration, and proliferation, and mis-
regulation can lead to malignant transformations. Cells attach to the extracellular matrix (ECM) via focal 
adhesions (FAs), integrin-based bidirectional checkpoints sensing environmental cues. Processes impacted 
by integrin mechanotransduction are co-influenced by receptor tyrosine kinases (RTKs) such as epidermal 
growth factor receptor (EGFR), whose importance is highlighted by dysregulation in human cancers, 
autoimmune, and cardiovascular diseases. Different physical and functional partnerships between the cell, 
structure and rigidity of surrounding matrix, and environmental cues such as growth factors together 
determine cell fate. Although studies demonstrate EGFR-integrin crosstalk, observed outcomes have been 
attributed to molecules downstream from the receptors, inside the cytoplasm, away from cell membrane. 
Furthermore, the direct influence of EGFR signaling in integrin mechanotransduction still remains elusive. 
Therefore, we investigated the role of EGFR in integrin activation during cell attachment and spreading on 
substrates of varying molecular stiffness. Using “turn-on” tension gauge tether (TGT) probes, we demonstrate 
that activated EGFR acts as a “mechano-organizer” modulating integrin mechanics and focal adhesion (FA) 
dynamics. EGF stimulation increased integrin tension and FA organization, highlighting the role of activated 
EGFR in mechanotransduction. Additionally, EGF stimulation provide cells with an ability to “tune” their 
outside-in integrin activation thresholds by EGFR-mediated crosstalk and enhances cell spreading. EGFR 
inhibition or silencing diminished integrin tension and spreading. Rescue with WT or EGFR mutants identified 
the kinase domain as the active site controlling EGFR-integrin interplay. Overall, EGFR-integrin crosstalk 
allosterically regulates integrin activation and provides an additional layer of control for cells during 
microenvironment sensing verifying the minimal essential signals facilitating cell spreading and proliferation. 
Studying crosstalk-mediated mechanical changes will further our understanding of cell behavior during 
migration, cancer invasion and metastasis. 
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MODELING PROTEIN-PROTEIN INTERACTIONS IN MYCOBACTERIUM TUBERCULOSIS: BINDING OF 
CLPSMTB TO THE CLPC1 N – TERMINAL DOMAIN. 
 
Amy Ridings1,2, Tao Yu1, Justin Miller3 
 
1. Chemistry, Tennessee Technological University, Cookeville, TN, United States 
2. Biological Sciences, University of Alabama in Huntsville, Huntsville, AL, United States 
3. Chemistry, Middle Tennessee State University, Murfreesboro, TN, United States 
 
The ClpC1P1 proteolytic machine is essential for cell viability of drug-resistant and latent Mycobacterium 
tuberculosis, making it an attractive drug target for the development of new treatments for multi-drug resistant 
Tuberculosis. However, many intricate details about the function of this complex remain unclear. The ClpC1 
subunit forms a hexameric ring to perform ATP-dependent unfolding and translocation of a protein substrate 
and, until recently, was thought to function without regulation by an adaptor protein. We recently reported 
that ClpC1’s N-terminal domain (NTD) and middle domain (MD) interact directly with the adaptor protein, 
ClpS, resulting in the inhibition of ClpC1 catalyzed unfolding of SsrA-tagged proteins but that the interaction 
at the NTD is dispensable for this function. Consequently, the function for the ClpC1-NTD and ClpS 
interaction is still unclear. Using computational modeling methods such as protein-protein docking and 
molecular dynamics simulation, a model for the interaction between ClpC1-NTD and ClpS is presented. Most 
notably, molecular dynamics simulations reveal that when ClpS residues at positions 35 – 37 interact with 
ClpC1-NTD residues Phe80 and Lys85, major structural changes at ClpC1-NTD’s C-terminal end occur, 
suggesting a possible function for the NTD’s interaction with ClpS. 
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THE BIOTIN CARBOXYLASE DOMAIN DIMERIZES VIA A "WET" INTERFACE: INSIGHTS FROM A 
THERMOPHILIC HOMOLOG 
 
Robert B. Rose, Greg Buhrman, Paul Enríquez, Lucas Dillard, Vivian Truong, Amy M Grunden  
 
Department of Molecular & Structural Biochemistry, NCSU 
 
Biotin-dependent carboxylases bind CO2 in the form of bicarbonate and transfer the carboxyl group to a 
substrate. These enzymes fulfill essential metabolic functions, particularly pyruvate carboxylase in the TCA 
cycle and gluconeogenesis, and acetyl-CoA carboxylase in fatty acid biosynthesis. The biotin carboxylase 
(BC) domain catalyzes the first step of these multi-domain enzyme, utilizing ATP to activate the bicarbonate 
and carboxylate the biotin cofactor. The BC domain forms a dimer, and there is evidence that the monomers 
function cooperatively despite the 100 Å distance between the active sites. We determined the structure of a 
thermophilic BC domain from 2-Oxoglutarate Carboxylase (OGC), a unique biotion-dependent carboxlase 
from the deep-branching Aquificales order of bacteria. OGC functions to fix CO2 in these chemoautotrophic 
bacteria found in deep ocean hydrothermal vents and hot springs. The increased stability of the BC domain 
highlights the organization of the dimer interface as a "wet" surface comprised of few hydrophobic contacts, 
many direct hydrogen bonds, and indirect water- mediated contacts. The symmetry of the dimer and structural 
water molecules may contribute to thermal stability. We propose that the flexibility inherent in this interface 
facilitates allosteric interactions between monomers of the dimer. 
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EXPLORING PROTEIN-LIGAND INTERACTIONS OF ROUSETTUS BAT CORONAVIRUS HKU9 
MACRODOMAIN PROTEINS  
 
Josette Runge; Thomas, Gwen; Yadav, Dinesh; Johnson, MA 
 
Chemistry Department, University of Alabama at Birmingham  
 
Coronaviruses are a family of positive sense, single stranded RNA viruses that includes SARS, MERS, and 
HKU9.1 The coronaviruses SARS and MERS are known for causing severe respiratory distress and even 
death. Coronaviruses can affect humans, bats, and other animals. It is important to study coronaviruses 
because they are zoonoses meaning they can mutate and can be transmitted to other species including 
humans.2 The study of the HKU9 uncharacterized virus can lead to finding pathways to target similar viruses 
like SARS and MERS and can determine protein-ligand interactions that can lead to the discovery of possible 
HKU9 inhibitors.  Different ligands such as adenosine diphosphate ribose and fexofenadine were tested with 
the macrodomains of HKU9 BS, BL, BSN, and BSNM using saturation transfer difference NMR, isothermal 
calorimetry, and gel shift assays. The isothermal titration calorimetry was done using the macrodomains Bs 
and BsNM with ADPR. The results showed binding of ADPR and fexofenadine ligands to the multi domain 
proteins and binding was observed to oligomers using gel shift assay.  
 
References:  

1.) Chan JFW, et al. Middle East respiratory syndrome coronavirus: another zoonotic betacoronavirus 
causing SARS-like disease. Clin. Microbiol. Rev. 2015; 28:465–522. doi: 10.1128/CMR.00102-14. 

2.) Johannes Gregor Matthias Rack; Dragutin Perina; Ivan Ahel. Macrodomains: Structure, Function, 
Evolution, and Catalytic Activities. Macrodomains: Structure, Function, Evolution, and Catalytic 
Activities 2016. 
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USING SOLUTION NMR TO OBSERVE DYNAMICS OF THE GLAUCOMA-ASSOCIATED 
OLFACTOMEDIN DOMAIN OF MYOCILIN, A FIVE-BLADED  b-PROPELLER  
 
Emily Saccuzzo, Shannon E. Hill, Raquel Lieberman 
 
Department of Chemistry and Biochemistry, Georgia Institute of Technology, Atlanta, Georgia 
 
 
Glaucoma affects ~4% of the worldwide population over 40 years old and is the second leading cause of 
blindness in the United States. Mutations found primarily in the myocilin olfactomedin domain (myoc-OLF, 30 
kDa) account for 10% of juvenile-onset and 4% of adult-onset cases of open angle glaucoma, causing a toxic 
gain of function that accelerates disease progression. Our lab previously solved the structure of wild-type 
(WT) myoc-OLF using X-ray crystallography, revealing a new 5-bladed b-propeller. Since protein dynamics 
can be suppressed in a protein when it is in a crystalline state, we are pursuing a solution structure of WT 
myoc-OLF by nuclear magnetic resonance (NMR) spectroscopy, which does not have this limitation. Besides 
protein dynamics of WT myoc-OLF, additional long-term goals of this project are to use solution NMR to 
compare WT myoc-OLF to those of destabilized, glaucoma-causing variants, and for fragment-based drug 
screening for ligands that bind to myoc-OLF. Here we describe our strategy to express and purify 13C/15N-
labeled myoc-OLF and show results of feasibility studies for residue assignments and structure 
determination.  
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THE C-TERMINAL TAIL OF THE NEIL1 DNA GLYCOSYLASE INTERACTS WITH THE HUMAN 
MITOCHONDRIAL SINGLE-STRANDED DNA BINDING PROTEIN 
  
Nidhi Sharma1, Srinivas Chakravarthy2, Matthew J. Longley3, William C. Copeland3, and Aishwarya 
Prakash1 
 

1 Mitchell Cancer Institute, University of South Alabama, 1660 Springhill Avenue, Mobile, AL, 36604-1405, 
USA, 2 Illinois Institute of Technology, Advanced photon source, Bldg. 435B/ Sector 18, 9700 S. Cass 
Avenue, Argonne, IL 60439-4860, 3 Genome Integrity and Structural Biology Laboratory, National Institute of 
Environmental Health Sciences, 111 T.W. Alexander Drive, Research Triangle Park, NC 27709 
 
 
The 16.5 kb mitochondrial genome is subjected to damage from reactive oxygen species (ROS) generated 
in the cell during normal cellular metabolism and external sources such as ionizing radiation and ultraviolet 
light. ROS cause harmful damage to DNA bases that could result in mutagenesis and various diseases, if 
not properly repaired. The base excision repair (BER) pathway is the primary pathway involved in maintaining 
the integrity of mtDNA. Several enzymes that partake in BER within the nucleus have also been identified in 
the mitochondria. The Nei-like (NEIL) DNA glycosylases initiate BER by excising oxidized pyrimidine bases 
and others such as the ring-opened formamidopyrimidine and the hydantoin lesions. During BER, the NEIL 
enzymes interact with proteins that are involved with DNA replication and transcription. In this work, we 
detected NEIL1 in purified mitochondrial extracts from human cells and showed that NEIL1 interacts with the 
human mitochondrial single-stranded DNA binding protein (mtSSB) via its C-terminal tail using far-western 
analysis and gel-filtration chromatography. Finally, we scrutinized the NEIL1-mtSSB interaction in the 
presence and absence of a partial-duplex DNA substrate using a combination of multi-angle light scattering 
(MALS) and small-angle X-ray scattering (SAXS). The data indicate that NEIL1 and homotetrameric mtSSB 
form a larger ternary complex in presence of DNA, however, the tetrameric form of mtSSB gets disrupted by 
NEIL1 in the absence of DNA as revealed by the formation of a smaller NEIL1-mtSSBmonomer complex. 
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STRUCTURAL EVALUATION OF RESISTANCE MECHANISM IN N. GONORRHOEAE AGAINST 
EXTENDED-SPECTRUM CEPHALOSPORINS 
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Increasing antibiotic resistance of Neisseria gonorrhoeae, the causative agent of gonorrhea, 
against currently used extended spectrum cephalosporins (ESCs) has become a major threat to human 
health throughout the world and a better understanding of its resistance mechanism is needed to develop 
new counter measures against the resistant strains. 

A major mechanism of cephalosporin resistance in N. gonorrhoeae is mutations in the penA gene, which 
encodes penicillin-binding protein 2 (PBP2). In order to understand the molecular mechanism underpinning 
cephalosporin resistance, we have investigated PBP2 from the cephalosporin sensitive strain FA19 (wild 
type), the reduced susceptibility strain 35/02 (CephI) and resistant strain H041 (CephR). The rate of 
acylation decreases by >12,000 fold for cefixime in resistant strain H041. This decrease in acylation rate 
confers resistance against ESCs. 

We have solved the crystal structures of PBP2 from FA19, 35/02 and H041 strains. Along with these, 
structures of PBP2-FA19 in complex with cefixime and ceftriaxone have also been determined. Our 
structure showed the first PBP-acyl complex, where an intermediate stage has been trapped with complete 
acylation, but there was no elimination of the leaving group. Comparison of apo and complex structures of 
FA19 PBP2 suggests acylation proceeds through twisting and rolling of a β strand in the active site region. 
Mutations in 35/02 and H041 cause significant structural differences when compared to PBP2-FA19, which 
are mainly confined near to the active site region. The mutations appear to increase the rigidity of structure. 
One of these, a G545S mutation, appears to restrict the β3 twisting by stabilizing Thr498, thus impeding 
formation of the oxyanion hole. Other mutations may also restrict the conformational changes required 
 during acylation. 
 
Overall, our data suggests that ligand binding in PBP2 from ESCs intermediate-susceptible and resistant 
strains is constrained and formation of a productive acyl-enzyme intermediate with cephalosporins is 
hindered by restricting the required conformational changes. 
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COMPUTATIONAL SELECTION OF VACCINE PEPTIDES WITH MOE 
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Group A Streptococcus (GAS) is an extracellular human pathogen causing ailments from strep throat to 
necrotizing fasciitis. One potential GAS vaccine target is a membrane protein known as the M protein. The 
M protein is immunogenic, but its hypervariable N-terminal sequence has hindered vaccine development. 
This project addresses this problem with the combination of computational modeling, MOE’s descriptor 
calculations, an immunological distance matrix generated from experimental results, and principal component 
analysis (PCA). The combination of the aforementioned methods will be used to select a set of vaccine 
peptides that will potentially yield broadly neutralizing antibodies (bNabs) capable of neutralizing multiple 
strains of GAS. 
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TOWARD THE DETERMINATION OF THE CRYSTAL STRUCTURE OF SRO5  
 

Andrew Staup1; Jingzhi Li1; Norbert Schormann2; Champion Deivanayagam 2, 3; Margaret Johnson1, 4. 

1. Department of Chemistry, University of Alabama at Birmingham 
2. X-Ray Crystallography Core Facility, University of Alabama at Birmingham 
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ADP-Ribose is a post-translational modification that is implicated in DNA damage repair1, pathogen 
response2, and the response to abiotic stress in plants3.  ADP-Ribose is transferred to target proteins by Poly 
ADP-Ribose Polymerases (PARPs).  In plants, there are still several PARP-related proteins with relatively 
little research regarding them, specifically, the Similar to Radical Induced Cell Death 1 (SRO) family of PARP-
like proteins.  SRO proteins have been implicated in the regulation of abiotic stress responses4, and despite 
having a very similar fold to several PARPs, it is unclear if they have an ADP-Ribosyltransferase activity.   

This work is directed towards solving the structure and determining the function of A. thaliana’s SRO5 
catalytic domain (SRO5-CAT).  A homology model of SRO5-CAT reveals a similar fold to human PARPs with 
a modified catalytic triad, replacing the typical H-Y-E motif with C-D-K, which may have an ADP-
Ribosyltransferase activity.  The expression and purification of SRO5-CAT has been optimized, yielding a 
monodisperse, monomeric protein.  SRO5-CAT has been successfully crystallized using 12% polyethylene 
glycol 20000, 0.1 M 2-(N-morpholino)ethanesulfonic acid (MES) at pH 6.5, and X-ray diffraction data have 
been collected to 2.30 Å resolution.  The structure is being determined by molecular replacement with Phaser, 
with a current R-factor of 0.22 and Rfree 0.27.  Future work will be directed towards completing the structure 
solution of SRO5-CAT and performing PARP assays and inhibitor screening to determine its function. 

1. Javle M, Curtin NJ. The role of PARP in DNA repair and its therapeutic exploitation. British Journal 
Of Cancer 2011;105:1114. 

2. Li H, Li Q, Li W, Xie L, Zhou M, Xie J. The Role of PARP-1 in Host-Pathogen Interaction and Cellular 
Stress Responses. Crit Rev Eukaryot Gene Expr 2015;25(2):175-90. 

3. De Block M, Verduyn C, De Brouwer D, Cornelissen M. Poly(ADP-ribose) polymerase in plants 
affects energy homeostasis, cell death and stress tolerance. Plant J 2005;41(1):95-106. 

4. Lamb R. Abiotic Stress Responses in Plants: A Focus on the SRO Family. 2012. 
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EXPLORING PROTEIN-LIGAND INTERACTIONS OF ROUSETTUS BAT CORONAVIRUS HKU9 
MACRODOMAIN PROTEINS  

Gwen Thomas; Runge, Josette; Yadav, Dinesh; Johnson, MA  

Coronaviruses are a family of positive sense, single stranded RNA viruses that includes SARS, MERS, and 
HKU9.1 The coronaviruses SARS and MERS are known for causing severe respiratory distress and even 
death. Coronaviruses can affect humans, bats, and other animals. It is important to study coronaviruses 
because they are zoonoses meaning they can mutate and can be transmitted to other species including 
humans.2 The study of the HKU9 uncharacterized virus can lead to finding pathways to target similar viruses 
like SARS and MERS and can determine protein-ligand interactions that can lead to the discovery of possible 
HKU9 inhibitors.  Different ligands such as adenosine diphosphate ribose and fexofenadine were tested with 
the macrodomains of HKU9 BS, BL, BSN, and BSNM using saturation transfer difference NMR, isothermal 
calorimetry, and gel shift assays. The isothermal titration calorimetry was done using the macrodomains Bs 
and BsNM with ADPR. The results showed binding of ADPR and fexofenadine ligands to the multi domain 
proteins and binding was observed to oligomers using gel shift assay.  
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SER-CAT SCIENTIFIC HIGHLIGHTS AND 2022 UPGRADE PLANS  
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Advanced Photon Source, Argonne National Laboratory, Argonne, IL 
 
SER-CAT (SouthEast Regional Collaborative Access Team) is a consortium of 22 membership institutions 
and five Associate User groups.  It was established in 1997 for the construction and operation of a Research 
Resource at the Advanced Photon Source (APS), Argonne National Laboratory for structural biologists in the 
southeast region of the U.S. The Resource provides state-of-the-art beamlines for the collection of X-ray 
diffraction data on crystals of proteins, DNA/RNA and viruses. SER-CAT continually ranks among the top 
facilities at the APS (and worldwide) in terms of annual peer reviewed publications and PDB deposits.  As of 
February 19, 2019 SER-CAT’s insertion device beamline 22ID-D has contributed 3,933 PDB entries making 
it the 2nd most productive beamline in the world!  
 
The APS Upgrade (APSU) is a large scale project to replace the existing APS storage ring lattice with a 
Multiple Bend Achromat (MBA) lattice at an estimated cost of 0.77 billion dollars 
(https://www.aps.anl.gov/APS-Upgrade). To accomplish this project, the APS will be shut down for a 
minimum of 1 year starting in early 2022. The SER-CAT Board views the 2022 APS shutdown period as an 
opportunity for improvement and has set the priorities to upgrade the optics, electronics and end-station 
hardware of the current ID beamline (22ID-D) to best use the very small, symmetrically focused intense 
beams made possible by the new MBA lattice.  In addition, plans are underway to construct a second ID 
beamline (22ID-E) at Sector 22.   
 
In this presentation, both the SER-CAT current scientific highlights and beamline upgrade plans for the APSU 
period will be introduced and discussed. 
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MCL1 BINDING TO REVERSE BH3 MOTIF IN P18INK4C LINKS MITOCHONDRIAL CELL SURVIVAL 
AND RB REGULATED CELL PROLIFERATION 
 
Robert H Whitaker and William J Placzek 
 
Department of Biochemistry and Molecular Genetics, University of Alabama at Birmingham, Birmingham, AL 
 
Commitment to cell cycle entry and cellular duplication is a tightly coordinated and regulated process. Once 
initiated, a series of multiple checkpoints ensure both accurate genomic replication and chromosomal 
separation. In the event of unsuccessful cell division, parallel pathways exist that induce the cell to undergo 
programmed cell death, or apoptosis. At the center of such stress-induced, intrinsic apoptotic regulation lies 
the BCL2 family of pro- and anti-apoptotic regulatory proteins. In a proliferative state the balance of pro- and 
anti-apoptotic signaling proteins would be expected to favor an excess population of anti-apoptotic members. 
Among these, the anti-apoptotic BCL2 family member, MCL1, has been identified to oversee mitotic 
progression. Here we demonstrate the novel ability of MCL1 to regulate the G1/S transition by binding to and 
decreasing levels of the G1/S checkpoint protein, p18INK4C. p18INK4C, an INK4 family protein, is known to 
specifically inhibit cyclin dependent kinases 4 and 6 (CDK 4/6), two homologous proteins important for G1 
cell cycle progression. These proteins phosphorylate RB1, stimulating release of the key S phase entry 
transcription factor, E2F1. MCL1 binding to p18INK4C is mediated by a reverse BH3 (rBH3) motif located in 
its C-terminal ankyrin repeat. This motif in p18INK4C is unique among the INK4 family proteins. This novel 
interaction allows excess MCL1 to regulate cell cycle entry in a retinoblastoma (RB1)-dependent manner and 
establishes direct communication between BCL2 family regulation of apoptosis and early G1 cyclin D-CDK4-
6/INK4/RB pathway. 
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MCL1 BINDS AND NEGATIVELY REGULATES THE TRANSCRIPTIONAL FUNCTION OF TUMOR 
SUPPRESSOR P73 
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MCL1 is an anti-apoptotic member of the Bcl-2 family, which has become a popular therapeutic target in 
cancer research over the past decade due to its propensity to promote cancer cell survival and facilitate 
chemoresistance. Through a phage display screen, we identified a novel MCL1 binding motif that is the 
reverse of the canonical BH3-binding helix that mediates interactions amongst Bcl-2 family members. Upon 
a BLAST sequence analysis of native proteins, we identified a putative reverse BH3 (rBH3) motif in the tumor 
suppressor protein, p73. Here, we show that MCL1 and p73 bind through a direct protein-protein interaction. 
Using fluorescence polarization assay, we characterize the strength of this interaction and reduce binding 
down to the rBH3-containing alpha helix in the tetramerization domain of p73. To elucidate biological function, 
we employ electrophoretic mobility shift assay to show that excess MCL1 negatively impacts p73 binding to 
DNA. Finally, using two p53-/- cancer cell lines, we demonstrate that MCL1 inhibits the transcriptional function 
of p73 through analysis of p73 target gene expression. In summary, we characterize a novel protein-protein 
interaction between MCL1 and p73 and show that MCL1 negatively impacts p73 target gene activation. This 
work establishes a novel function of MCL1 outside of apoptotic regulation at the mitochondria and provides 
new evidence of cross talk between the Bcl-2 family and the DNA damage response pathway.  
 
Key words: MCL1, p73, apoptosis, Bcl-2 family protein 
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DRUG RESISTANCE MUTATION L76V ALTERS NONPOLAR INTERACTIONS AT THE FLAP-CORE 
INTERFACE OF HIV-1 PROTEASE.  
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2 Department of Chemistry and Biochemstry, Purdue University, West Lafayette, IN 47907 
 
 
Four HIV-1 protease (PR) inhibitors, clinical inhibitors lopinavir and tipranavir, and two investigational 
compounds GRL-5010 and GRL-519, were studied for their effect on the structure and activity of PR with 
drug-resistant mutation L76V (PRL76V). Compound GRL-5010 exhibited the best Ki value of 1.9 nM for PRL76V, 
whereas the other three inhibitors had Ki values of 4.5-7.6 nM, 2-3 orders of magnitude worse than for wild-
type enzymes. Crystal structures showed only minor differences in interactions of inhibitors with 
PRL76V compared to wild-type complexes. The shorter side chain of Val76 in the mutant lost hydrophobic 
interactions with Lys45 and Ile47 in the flap, and with Asp30 and Thr74 in the protein core, consistent with 
decreased stability. Inhibitors forming additional polar interactions with the flaps or dimer interface of 
PRL76V were unable to compensate for the decrease in internal hydrophobic contacts. These structures 
provide insights for inhibitor design. 
 
 
Wong-Sam et.al. ACS Omega. 2018 Sep 30;3(9):12132-12140. 
Research supported by the NIH and Georgia State University MBD fellowship. 
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A SINGLE  b-OCTYL GLUCOSIDE MOLECULE INDUCES HIV-1 NEF DIMER FORMATION IN THE 
ABSENCE OF PARTNER PROTEIN BINDING 
 
Mousheng Wu1, John J. Alvarado2, Corinne E. Augelli-Szafran1, Roger G. Ptak3, and  Thomas E. Smithgall2 
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Birmingham, AL 35205, USA 
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3Department of Infectious Disease Research, Southern Research Institute, 431 Aviation Way, Frederick, MD 
21701, USA 
 
 
The HIV-1 Nef accessory protein is essential for viral pathogenicity and AIDS progression. Nef forms 
complexes with multiple host cell factors to facilitate viral replication and promote immune escape of HIV-
infected cells.  Previous X-ray crys-tal structures demonstrate that Nef forms homodimers, the orientation of 
which are influenced by host cell binding partners.  In cell-based fluorescence complementation assays, Nef 
forms homodimers at the plasma membrane.  However, recombinant Nef proteins often exist as monomers 
in solution, suggesting that membrane interaction may also trigger monomer to dimer transitions.  In this 
study, we show that monomeric Nef core proteins can be induced to form dimers in the presence of low 
concentrations of the non-ionic surfactant, β-octyl glucoside (βOG).  X-ray crystallography revealed that a 
single βOG molecule is present in the Nef dimer, with the 8-carbon acyl chain of the ligand binding to a 
hydrophobic pocket formed by the dimer interface.  This Nef-βOG dimer interface involves helix αB, as 
observed in previous dimer structures, as well as a helix formed by N-terminal residues 54-66.  Nef dimer 
formation is stabilized in solution by the addition of βOG, providing biochemical validation for the crystal 
structure. These observations together suggest that the interaction with host cell lipid mediators or other 
hydrophobic ligands may play a role in Nef dimerization, which has been previously linked to multiple Nef 
functions including host cell protein kinase activation, CD4 downregulation, and enhancement of HIV-1 
replication. 
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INVESTIGATING THE MOLECULAR MECHANISM OF CEPHALOSPORIN-RESISTANCE IN NEISSERIA 
GONORRHOEAE 
 
Brandon Young1 and Christopher Davies1 
 
1Department of Biochemistry and Molecular Biology, Medical University of South Carolina, Charleston, SC, 
USA  
 
According to the World Health Organization, 78 million cases of gonorrhea occur worldwide each year, 
comprising 22% of new sexually transmitted infections.  If left untreated, such infections can have lasting 
results, including pelvic inflammatory disease or infertility.  Gonorrhea is caused by Neisseria gonorrhoeae, 
a Gram negative diplococcus.  Over time, N. gonorrhoeae has developed resistance against most antibiotics 
used to treat gonorrhea, leaving only extended spectrum cephalosporins (ESCs) and azithromycin as the 
current treatment.  In recent years, new strains of Neisseria gonorrhoeae have emerged that exhibit 
resistance to ESCs, including strains H041 (isolated in Japan), 35/02 (isolated in Sweden), and F89 (isolated 
in France).  A major factor in cephalosporin resistance is mutations in the penA gene, encoding penicillin-
binding protein 2 (PBP2).  Strain F89 exhibits a similar high level of ESC resistance as H041, but its PBP2 
appears more closely related to that from intermediate-resistant strain 35/02 because only one amino acid is 
different, a A501P mutation.  This suggests the molecular mechanism of cephalosporin resistance differs 
between F89 and H041. To test this, we aim to solve the crystal structure of F89. In addition, we are 
investigating whether protein dynamics plays a role in the resistance of H041 conferred by PBP2. Toward 
these goals, we have expressed, purified and crystallized PBP2 derived from F89. The crystals diffracted to 
8 Å and are currently being optimized to improve resolution. In tandem, we have collected a series of 3D 
nuclear magnetic resonance (NMR) spectra and have used these to assign approximately 30% of the protein. 
With assignments in hand, we have performed NMR relaxation experiments to determine the dynamic regions 
of the protein. Preliminary analysis of the relaxation experiments has shown consistent dynamic and stable 
residues when compared to the crystal structure of PBP2 derived from H041. Overall, our structural and 
protein dynamic information will provide insight into the resistance mechanisms conferred by PBP2 variants, 
with the potential of designing new therapeutics against resistant N. gonorrhoeae. 
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ANALYSIS OF ELECTRONEGATIVE CLUSTERS IN INTRINSICALLY DISORDERED RNA BINDING 
PROTEINS 
 
Steve Zaharias, Talia Ferguson, Jun Zhang 
 
Department of Chemistry, University of Alabama at Birmingham, AL 
 
Intrinsically disordered proteins are characterized by their lack of tertiary structure and account for over 30% 
of the human proteome. These intrinsically disordered proteins are overrepresented in RNA-binding proteins 
(RBP). A large class of intrinsically disordered regions in RBP contain electronegative clusters (ENC) that 
can be comprised of poly-E/D tracts and hyperphosphorylation regions. The function of these ENC in 
intrinsically disordered proteins is still not known, but we hypothesize that these clusters increase RNA 
binding affinity by reducing the folding energy barrier and entropic penalty associated with protein 
folding.Stem-loop binding protein (SLBP) is an intrinsically disordered protein that binds to RNA stem-loop 
structures and is essential in the regulation of histone mRNA. This protein has a hyperphosphorylated C-
terminal tail comprised of SNSDSDSD residues, where Serine’s are phosphorylated. Once phosphorylated, 
SLBP has an over 100,000 fold increase in RNA affinity. We have gathered data using Chemical Exchange 
Saturation Transfer (CEST) NMR in order to evaluate the folding states of phosphorylated and non-
phosphorylated SLBP. We have seen that the CEST signal is driven by charge-charge interactions and that 
this signal does occur in both phosphorylated and non-phosphorylated SLBP. This illustrates that SLBP does 
transiently fold into its active form for short amounts of time.  
Recently, we have been able to grow crystals of phosphorylated SLBP and stem-loop RNA complex for 
analysis via x-ray crystallography. We want to analyze the role that this phosphorylated tail has in the 
structure of this complex. We expect that the extreme electronegative charge of the phosphorylated tail will 
stabilize electropositive residues not involved in RNA binding and allow the tail to become visible and stable 
within this structure, which will provide valuable information about its role in the binding of stem-loop RNA. 
 
 
 
 
 
 


