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Symposium Information 
The 14th annual GRASP NMR Symposium was held at Iowa State University on October 13 – 
14, 2023.  
 

Plenary Speaker 
Dr. Ad Bax, Distinguished Investigator, Laboratory of Chemical Physics, NIDDK, NIH was 
the 2023 GRASP NMR Symposium Plenary Speaker. A look at the past and a glimpse at the future 
of biological NMR was the title of the Plenary Lecture. 
 

Invited Speakers 
Dr. Paul D. Adams – University of Arkansas 
Ph.D., Professor, Department of Chemistry and Biochemistry Professor, Cellular and 
Molecular Biology 
Biochemical and Biophysical Approaches to Characterize the Molecular Basis of Abnormal 
Cell Signaling Function Involving Ras-Related Proteins 
 



Dr. Catherine Eichhorn – University of Nebraska-Lincoln 
Ph.D., Assistant Professor of Chemistry 
Structural heterogeneity in a central domain of the transcription-regulating 7SK RNA 
 
Dr. Michael Latham – University of Minnesota 
Ph.D., Associate Professor of Biochemistry Molecular Biology and Biophysics 
Structure and dynamics of the CSTF2 RNA recognition motif drive mRNA cleavage and 
polyadenylation 
 
Dr. Emma Morrison – Medical College of Wisconsin 
Ph.D., Assistant Professor of Biochemistry 
H3 tail dynamics in the histone language 
 
Dr. Nicholas Reiter – Marquette University 
Ph.D., Assistant Professor of Chemistry 
Merging NMR, biochemistry, and cell biology tools to explore the penumbra of dynamic 
ncRNA-protein interactions 
 
Dr. Steve Van Doren – University of Missouri 
Ph.D., Associate Professor of Biochemistry 
Fusion Peptide Sculpting of a Membrane with Insertion of Charged and Polar Groups 
 

Promoted Speakers 
Aayushi Singh (Venditti Lab. – Iowa State University) 

 Novel Class of specific FTO inhibitors that binds to transient allosteric pockets 
 
Riley Petersen (Butcher Lab – University of Wisconsin 

 Solution structure of poly(UG) RNA 
 
Shreya Ghosh (Clore Lab. – National Institutes of Health) 
Quantitative NMR analysis of the mechanism and kinetics of chaperone Hsp104 action on 
amyloid-β42 aggregation and fibril formation 

 
Dan Burns (Venditti Lab – Iowa State University)   

 Conformational Dynamics and the Substrate Selectivity Mechanism of hFTO 
 
Joseph Bequette (Rossini lab – Iowa State University)  

 Structure Determination of Stannous Fluoride Solutions Used as Components of Commercial 
Toothpaste Products 
 
Manu Veliparambil Subrahmanian (Veglia Lab) – University of Minnesota 
AI-designed RF Pulses and Pulse Sequences for NMR experiments at High- and Ultra-High 
Magnetic Fields 
 



Liping Yu (University of Iowa) 
Lessons Learned From Metabolomics Studies of Mitochondrial Metabolism and Function 
 
Morkos Henen (University of Colorado) 
NMR as a tool to decipher the mechanistic links between aging-associated Pigmentation 
Phenotypes 

 
Workshop 
A workshop on High Pressure NMR was hosted in the afternoon on October 14th.  
 
 

POSTER PRESENTATIONS (*Best poster competition) 
 
Poster 1* 

Quantitative NMR analysis of the mechanism and kinetics of chaperone Hsp104 
action on amyloid-β42 aggregation and fibril formation 

 
Shreya Ghosh (Clore Lab.) 

National Institutes of Health 
 
Hsp104 is a disaggregase chaperone that separates polypeptides from protein 
aggregates and then refolds them to their native state. Hsp104 is unique because it has 
been shown to both prevent aggregation as well as disaggregate mature amyloid fibrils. 
While such distinctive functions of Hsp104 is common knowledge, the pathway, 
mechanism, and kinetics associated with such function remains unanswered. 
To this end, I investigated the mechanism involved in preventing amyloid beta (Aβ)-42 
fibril formation by Hsp104 by using a combination of spectroscopic and imaging 
techniques. We performed a series of SOFAST-HMQC experiments, in presence of 
varying concentrations of Hsp104 compared to Aβ-42 monomers. The NMR signal comes 
only from 15N-labeled Aβ-42 while the 600 kDa Hsp104 is NMR invisible. In absence of 
any chaperone, Aβ-42 completely fibrilizes after ~30 hours as indicated by the complete 
loss of NMR signal intensity. When Hsp104 is added, fibrilization either gets significantly 
delayed or completely abrogated, depending on how much Hsp104 is added. Such results 
provide strong evidence towards Hsp104’s power in preventing fibrilization. The absence of 
fibrils in presence of Hsp104 was further verified by electron microscopy and atomic force 
microscopy. Finally, using the NMR data, we performed global fitting that sheds light into the 
kinetics and mechanism of Hsp104’s activity. At high Aβ-42 concentrations, aggregation 
occurs via a branched mechanism: (1) an on-pathway irreversible fibrillization process which 
leads to mature fibrils, and (2) an off-pathway reversible oligomerization process which leads 
to non-fibrillar oligomers that are too large to be observed directly by NMR but too small to be 
imaged. Hsp104 binds reversibly to sparsely populated Aβ-42 nuclei that are present in 
nanomolar concentrations with very high affinity, thereby completely inhibiting the on-
pathway process at substoichiometric ratios of Hsp104 to Aβ-42 monomers. 
 
 
 



Poster 2* 
Toward the Solution Structure and Conformational Dynamics of Human Alkbh7 

 
Baboucarr Faal (Venditti Lab.) 

Iowa State University 
 

The ALKBH7 protein, a member of the AlkB family of dioxygenases, plays a crucial role 
in epigenetic regulation through its involvement in demethylation processes. This poster 
presentation focuses on the nuclear magnetic resonance (NMR) backbone assignment 
of ALKBH7, a fundamental step in understanding its three-dimensional structure and 
dynamic behavior at the atomic level. Herein, we report the backbone 1H, 15N, 13C 
chemical shift assignment of 22kDa construct of human Alkbh7in the apo and holo forms. 
Experiments were acquired at 25Â°C by heteronuclear multidimensional NMR 
spectroscopy. Through chemical shift analysis we derive information about ALKBH7's 
secondary structure elements, such as alpha helices and beta strands, providing insights 
into its overall fold. Using, the program TALOS+, a secondary structure prediction was 
generated from the assigned backbone resonance that is consistent with the previously 
reported X-ray structure of the enzyme. M1A is one of the substrates active towards 
Alkbh7, the result of this activity will be discussed. The reported assignment and activity 
assay will allow investigations of the protein structural dynamics anticipated to provide 
crucial insight regarding fundamental aspects in the recognition and enzyme regulation 
processes. 
 
Poster 3* 

Determining the molecular mechanisms of behavior of the small multidrug 
resistance transporter PAsmr 

 
Andrea Wegrzynowicz (Henzler-Wildman Lab.) 

University of Wisconsin, Madison 
 

The Small Multidrug Resistance transporters are among the smallest known multidrug 
efflux pumps and remove toxic compounds, including many antiseptics, from 
multidrugresistant pathogens. SMRs were thought to confer only resistance to drugs and 
antiseptics via tightly-coupled 2H+:1 drug antiport, but recent evidence demonstrates that 
EmrE, an SMR from E. coli and a model for understanding transport, can perform antiport, 
symport, and/or uniport based on a â€oefree-exchangeâ€ model. This model suggests that 
SMRs may induce susceptibility to some compounds rather than resistance, either through 
direct influx/symport or by rundown of the proton-motive force (PMF) through uncontrolled 
proton uniport. PAsmr, an EmrE homolog from P. aeruginosa, has now been shown to confer 
both resistance and susceptibility, depending upon the substrate, but the molecular 
determinants of these opposing biological outcomes are not fully understood. Here, PAsmr was 
expressed and purified at the scale required for NMR experiments. Solution NMR 2D and 3D 
experiments were performed to gain initial understanding of the dynamics and characteristic 
amide chemical shifts of PAsmr, and chemical shift perturbations from different substrates will 
help identify binding interactions responsible for opposing biological outcomes. 
 



Poster 4 
Structural analysis of a Pseudomonas aeruginosa second messenger binding 

protein 
Christopher Ptak 

University of Iowa 
 

In Pseudomonas aeruginosa, exploratory motility driven by interspecies interactions is 
regulated by a chemosensory pathway involving the intracellular second messenger, 
cyclic di-GMP (cdG). Within this signaling pathway, the PilZ domain protein, PA0012, is a 
cytoplasmic cdG receptor that interacts with other proteins in a cdG-dependent manner. 
Here, we assign backbone chemical shifts for both the apo and cdG-bound states of 
PA0012. Insights derived from NMR experiments are further examined in the context of 
the cdG-bound PA0012 crystal structure. 
 
Poster 5 

Targeting the KIF15-TPX2 PPI to Overcome KIF11 Inhibitor Resistance in 
Epithelial Ovarian Cancer 

 
Justin Douglas 

University of Kansas 
 

Despite extensive efforts and successes in developing targeted drugs and 
immunotherapies for other cancers, cytotoxic chemotherapies continue to be the most 
used treatment of epithelial ovarian cancer (EOC). Identification of drugs targeting cellular 
machinery independent of genomic and genetic status continues to be a strong clinical need. 
An RNAi-based screen of the druggable genome across a diverse histological panel of EOC 
cell lines elucidated KIF11 as essential in maintaining EOC cell viability. KIF11, a mitotic 
spindle assembly motor protein, has been targeted clinically. Although pharmaceuticals are 
well tolerated, potent, and specific, the objective response rates to KIF11 inhibitors in clinical 
trials were commonly less than 10%. The efficacy of KIF11 inhibitors is blunted via a 
compensatory motor kinesin, KIF15. The overexpression of KIF15 has been shown to fully 
compensate for KIF11 in the formation of the bipolar spindle apparatus. Silencing KIF15 
significantly sensitizes cells to KIF11 inhibitors and resensitizes resistant cells to KIF11 
inhibitors. A screening approach using Alpha technology was developed to identify 
compounds that inhibit the protein-protein interaction (PPI) between KIF15 and TPX2, a 
unique approach to inhibiting KIF15 from previous efforts. Of the nearly 200,000 compounds 
screened, 177 compounds were selected to be further characterized based on assay 
performance and chemical properties. These compounds were screened for TPX2 or KIF15 
binding by STD-NMR and waterLOGSY. Three compounds with two chemotypes were 
confirmed to bind KIF15. No compounds were found to bind TPX2. The three confirmed 
KIF15 binders by STDNMR and waterLOGSY were all classified as strongly synergistic in 
vitro using viability assays in EOC cell lines. To date, two chemotypes have been identified as 
putative KIF15 inhibitors uniquely targeting the KIF15-TPX2 PPI. The data indicating KIF15 
inhibition in combination with KIF11 inhibition is synergistic, thus demonstrate a potential 
novel treatment approach for women with EOCs. 
 



Poster 6* 
Stability and Solubility of RBM7 RRM protein in vitro 

 
Jennie Nguyen (Eichhorn Lab.) 
University of Nebraska, Lincoln 

 
P-TEFb (positive transcription elongation factor P-TEFb) plays an essential regulatory 
role in RNA Polymerase II transcriptional elongation. P-TEFb is sequestered in an inactive 
state by the 7SK ribonucleoprotein (RNP) and must be released to have catalytic activity. 
The RNA-binding motif 7 (RBM7) protein was recently found to promote P-TEFb release 
from the 7SK snRNP complex in response to DNA damage. The release of P-TEFb 
activates RNA polymerase II, enabling effective transcription elongation to repair DNA 
damage. However, detailed research on the impact of RBM7 on P-TEFb regulation is still 
restricted because recombinant RBM7 constructs have poor solubility in vitro. Here we 
show our two-fold approach to improve the solubility of the RBM7 RNA recognition motif 
(RRM) domain for in vitro characterization. First, we take advantage of existing 
interactions between the RBM7 RRM and the ZCCHC8 zinc knuckle domain. ZCCHC8 
constructs were cloned, recombinantly expressed, and purified using column affinity 
chromatography. Proteins were either co-purified or purified separately and combined to 
evaluate binding. Second, to directly improve RBM7 RRM stability we used the Rosetta 
â€oeStabilize Protein: PMâ€ program to predict the stability of point mutations of the 
RBM7 RRM amino acid sequence. After in silico screening, constructs were selected for 
recombinant expression and purification. Construct folding and stability were evaluated 
using solution-state NMR spectroscopy and solubility assays. These results provide 
insights into RBM7 RRM folding and interactions with ZCCHC8 protein. Improving the 
stability of recombinantly expressed RBM7 RRM will enhance our ability to conduct indepth 
investigations into the role of RBM7 on the release of P-TEFb from the 7SK snRNP. 
 
Poster 7* 

Solution structure of poly(UG) RNA 
 

Riley Petersen (Butcher Lab.) 
University of Wisconsin, Madison 

 
Poly(UG) or “pUG” RNAs are UG or GU dinucleotide repeat sequences that are highly 
abundant in eukaryotes. Post-transcriptional addition of pUGs to RNA 3¢ ends marks 
mRNAs as vectors for gene silencing in C. elegans. We have determined the solution 
structure of the free pUG RNA (GU)12 by nuclear magnetic resonance spectroscopy and 
small and wide-angle x-ray scattering (NMR-SAXS-WAXS). The low complexity 
sequence results in overlapped NMR signals that complicate assignment of chemical 
shifts. To overcome this problem we utilized single, site-specific deoxyribose 
modifications which did not perturb the structure and introduced well-resolved methylene 
signals that could be used to validate chemical shift assignments. Additionally, we developed 
optimized pulse sequences for RNA to assign all 1H, 13C, 15N, and 31P resonances as well as 
efficiently measure low j-coupling magnetization transfer across the tetrad hydrogen bonds. In 
total, 549 NOEs, 21 residual dipolar couplings, 72 hydrogen bonds and 143 dihedral angle 



restraints as well as the SAX-WAX data were used to refine the structure. The solution 
structure ensemble has a root mean squared deviation (RMSD) of 0.62 Å and is a compact, 
left-handed quadruplex with a Z-form backbone, or “pUG fold.” Hydrogen-deuterium 
exchange experiments indicate the structure is highly kinetically stable with quartet opening 
rates on the several days timescale. Overall, the structure agrees with our previously 
determined crystal structure of (GU)12 bound to the ligand N-methyl mesoporphyrin IX 
(NMM), indicating the pUG fold is unaltered by docking of the NMM ligand. The solution 
structure reveals conformational details that could not be resolved by the crystal structure and 
explains how the pUG fold can form within longer RNAs. 
 
Poster 8* 
 

Novel Class of specific FTO inhibitors that binds to transient allosteric pockets 
Aayushi Singh (Venditti Lab.) 

Iowa State University 
 

The fat mass and obesity-associated FTO protein belongs to Fe+2 and alpha-ketoglutarate 
(αKG)-dependent AlkB dioxygenase family and catalyzes the demethylation of the N6-
methyladenosine (m6A), an epigenetic marker that controls several metabolic pathways by 
modulating transcription, translation, and cellular localization of nucleic acids. Since the 
discovery that its overexpression links to the development of obesity and cancer, FTO was the 
target of structure-based drug design (SBDD) efforts. Several FTO inhibitors were revealed in 
the past decade, which either compete with the αKG co-substrate or with the m6A primary 
substrate to bind to the enzyme. Consequently, most of the inhibitors lack selectivity for FTO 
over the other members of the Alkb family. Only four selective FTO inhibitors were reported 
so far. However, the binding modes and mechanisms of action of such molecules are under 
investigated. Herein, by using in-silico and NMR-based drug screening, we discover two novel 
FTO inhibitors, namely C4 and C6, which bind in two transient surface pockets located at the 
domain interface and inhibit FTO activity. Furthermore, we found that C6 selectively inhibits 
FTO over Alkbh5, the member of the Alkb family that presents the closest similarity to FTO. 
Kinetic studies show that both inhibitors C4 and C6 affects the enzyme activity competitively 
but with moderate to weak binding affinity, respectively. Our results indicate that structural 
ensembles encompassing protein structural flexibility reveals potential druggable sites which 
may not be captured by the X-ray crystal structure alone. In general, our work demonstrates 
that protein conformational dynamics can be exploited for the structure-based design of 
inhibitors with subfamily selectivity. 
 
Poster 9* 

Structural and dynamic studies of the role of dsDNA binding to the functional 
mouse CRES amyloid 

 
Ritika Kukreja (Latham Lab.) 

University of Minnesota, Minneapolis 
 

The epididymal lumen contains a complex cystatin-rich nonpathological amyloid matrix 
with putative roles in sperm maturation, sperm protection and host-defense. One of the 



components of this amyloid matrix is the CRES (cystatin-related epididymal 
spermatogenic) sub-group of proteins. A typical aggregation pathway involves assembly 
from monomer to intermediate oligomers to advanced amyloids. With the use of NMR and X-
ray crystallography, we discovered that CRES amyloid formation is complex and likely utilizes 
several mechanisms, including a unique interaction driven by structural changes in the CRES 
loop from a flexible linker in the monomer to a Î²-strand conformation in the advanced 
amyloid. This is in addition to traditional domain swapping typical of other cystatins. 
Additionally, the epididymal lumen contains extracellular DNA (eDNA) which can be released 
by apoptotic or necrotic cells and is found to be derived from somatic cells in the epididymis. 
Web-like DNA structures have been observed contaminating and often ensnaring multiple 
sperm cells, but the role of this eDNA in the epididymis is still not known. Several other host 
defense amyloids, such as those found in bacterial biofilms, contain eDNA which can act as a 
template to initiate amyloid assembly. Thus, there arises a possibility of CRES monomers 
templating off DNA to form amyloid, which might lead to a different assembly mechanism. 
Early binding studies revealed that CRES exhibits moderate dsDNA binding affinity. With the 
contributions of solution-state NMR and other biophysical techniques we further studied the 
structures and dynamics associated with DNA-bound CRES. We also studied the effect of 
DNA binding on CRES N-terminal processing, typical of other cystatins, and our studies reveal 
that it is a crucial initiation step towards amyloid assembly. These results help to better 
understand how this functional amyloid assembles and how dsDNA binding alters the 
formation of these amyloid assemblies. 
 
Poster 10* 

Role of SRSF2 RRM C-terminal residues in 7SK snRNA recognition 
 

Linh Hua (Eichhorn Lab.) 
University of Nebraska, Lincoln 

 
Transcription is a tightly regulated process that occurs in the nucleus of the cell and 
involves the production of RNA from DNA using RNA Polymerases. The 7SK small 
nuclear ribonucleoprotein (snRNP) regulates transcription elongation by controlling the 
activity of positive transcription elongation factor b (P-TEFb). Studies have shown that the 
Serine-Arginine Splicing Factor 2 (SRSF2) protein interacts with 7SK snRNP to promote 
P-TEFb release and upregulation of RNA Polymerase II during transcription. SRSF2 has 
an RNA recognition motif (RRM) at the N-terminus and a Serine-Arginine (SR) rich 
domain at the C-terminus. The goal of my research is to identify key amino acids in the 
SRSF2 RRM in order to understand how SRSF2 interacts with 7SK snRNA. In this project, 
we focus on C-terminal boundaries of SRSF2 to evaluate the impact on construct stability, 
expression efficiency, and RNA recognition. We cloned, recombinantly expressed, and 
purified SRSF2 RRM constructs with various C-terminal boundaries. Next, we performed 
NMR 1H-15N HSQC experiments to evaluate protein folding and identify chemical shift 
changes. Finally, Electrophoretic Mobility Shift Assay (EMSA) experiments were performed 
to preliminary assess if SRSF2 RRM C-terminal constructs have differences in binding to 7SK 
snRNA constructs. These data provide insight into SRSF2 residues important for 7SK snRNA 
binding, setting a foundation for understanding the role of SRSF2-mediated 7SK snRNP 
function. 



Poster 11* 
Structural Studies of Stem Loop 3 of 7SK RNA 

 
Shilla Owusu Ansah (Eichhorn Lab.) 

University of Nebraska, Lincoln 
 

Internal loops significantly impact the flexibility, folding, and overall 3D structure of RNA. 
Recently, the Eichhorn lab has discovered that the distal region of stem loop 3 (SL3) of 
7SK RNA, a regulator of RNA polymerase II transcription, undergoes exchange between 
two conformational states. While one state has two symmetric internal loops, the second state 
has three asymmetric internal loops. These differences are due to significant basepair 
rearrangements in which several residues are unpaired in one state and base-paired in the other 
state. We hypothesize that these differences may result in structural differences between the 
two states. Here, we engineered SL3 RNA constructs that stabilize the secondary structures of 
these two states and investigated the structural dynamics of these constructs using solution 
state NMR spectroscopy. We performed line shape analysis and analyzed chemical shift 
perturbations as a preliminary comparison of the two states. We measured residual dipolar 
couplings to determine interhelical bending about the internal loops. We find that there are 
significant differences between the two states, particularly for internal loop residues. These 
findings provide initial insights into the impact of internal loops on the structural 
characteristics of RNA, laying the foundation for further exploration of SL3 3D structure and 
dynamics. 
 
Poster 12* 

Understanding Conformational Differences between UP1-WT and its 
phosphomimetic double mutant S4D/S6D 

 
Sayan Das (Venditti Lab.) 

Iowa State University 
 

Human hnRNP A1 is a multi-functional protein involved in many aspects of nucleic-acid 
processing such as alternative splicing, micro-RNA biogenesis, nucleocytoplasmic mRNA 
transport and telomere biogenesis and maintenance. The N-terminal region of hnRNP A1, also 
named unwinding protein 1 (UP1), is composed of two closely related RNA recognition motifs 
(RRM), and is followed by a C-terminal glycine rich region. Fibroblast growth factor 2 (FGF-
2) induced S6 kinase 2 (S6K2) binds and phosphorylates hnRNPA1 on the Ser4/6 sites, 
increasing its association with BCL-XL and XIAP mRNAs to promote their nuclear export. In 
the cytoplasm, phosphorylated S4/6-hnRNPA1 dissociates from these mRNAs de-repressing 
their Internal Ribosome Entry Site (IRES) -mediated translation. The overexpression WT-
hnRNPA1 reduced basal levels of BCL-XL and XIAP and prevents further induction by FGF-
2. However, the S4D-S6D phosphomimetic hnRNPA1 mutant increased the basal BCL-XL and 
XIAP levels by over 2-fold and did not prevent their further induction by FGF-2. Previous in-
vivo studies could not explain the conformational changes that could occur in the S4D/S6D 
double-mutant that led to such a difference from the wild type. Here, by using solution NMR, 
we highlight the phosphorylation-induced changes in UP1 conformational dynamics that that 
could explain the dramatic differences reported in protein function. 



Poster 13* 
Short Linear Motifs within the ZαZβ unit modulate domain interactions and 

substrate specificity 
 

Jeffrey Krall (Vogeli Lab.) 
University of Colorado 

 
All isoforms of Adenosine Deaminase Acting on RNA 1 (ADAR1) contain a Zβ domain, 
while the interferon inducible ADAR1p150 isoform also contains an N-terminal Zα domain 
connected to Zβ via a ~100 residue intrinsically disordered region (IDR). Both domains have 
been characterized through biophysical and structural techniques individually, however, few 
studies have investigated the domains in the context of a larger protein construct. Schwartz et. 
al (1999) proposed that ZαZβ could act as a single bipartite domain, however, further 
characterization of the two domains in tandem have not been undertaken. Here, we use a 
variety of NMR experiments to investigate the structure, dynamics, and potential roles of the 
domains as it is found within full length ADAR1. Our results reveal two previously unreported 
Short Linear Motifs (SLiMs) of ~9 residues in the IDR, which exhibit higher-than-average 
tumbling times. Both SLiMs bind to the Z-RNA binding interface on Zα and the structurally 
homologous region on Zβ and mutation of the SLiMs lead to drastically reduced tumbling 
times of the entire construct. The SLiMs compete with Z-RNA for binding to the Zα domain, 
presenting a potential role for the autoregulation of Zα by increasing RNA-binding specificity. 
 
Poster 14* 

Z-form Adoption of Nucleic Acid is a Multi-Step Process Which Proceeds Through 
a Melted Intermediate 

 
Parker Nichols (Vogeli Lab.) 

University of Colorado 
 

The left-handed Z-conformation of nucleic acids can be adopted by both DNA and RNA 
when bound by Zα domains found within a variety of innate immune response proteins. 
Zα domains stabilize this higher-energy conformation by making spe-cific interactions 
with the unique geometry of Z-DNA/Z-RNA. However, the mechanism by which a 
righthanded helix con-torts to become left-handed in the presence of proteins, including the 
intermediate steps involved, is poorly understood. Through a combination of Nuclear 
Magnetic Resonance and other biophysical measurements, we have determined that in 
the absence of Zα, under low salt conditions, d(CpG) and r(CpG) constructs show no 
observable evidence of transient Z-conformations greater than 0.5% on either the 
intermediate or slow NMR timescales. At higher temperatures, we observe a transient 
unfolded intermediate. The ease of melting a nucleic acid duplex correlates to Z-form 
adoption rates in the presence of Zα. The largest contributing factor to the activation 
energies of Z-form adoption as measured by Arrhenius plots is the ease of flipping the 
sugar pucker, as required for Z-DNA and Z-RNA. Together, these data validate the 
previously proposed zipper model for Z-form adoption in the presence of Zα. Overall, 
Zconformations are more likely to be adopted by double-stranded DNA and RNA regions 
flanked by less stable regions, and by RNAs experiencing torsional/mechanical stress. 



Poster 15* 
19F-NMR studies to understand pH induced structural changes in protective 
antigen anthrax toxin and in comparison, with a dominant-negative mutant 

 
Srinivas Gonti (Bann Lab.) 
Wichita State University 

 
T he anthrax toxin protective antigen (PA) forms a membrane spanning pore at acidic pH 
that is required for translocation of the two enzymatic components of the anthrax toxin, 
edema factor (EF) and lethal factor (LF). The anthrax toxin protective antigen (PA) has 
been labelled site specifically with p-fluoro-phenylalanine at Phe427, a residue known to 
form the phi-clamp in the pore structure. The phi-clamp forms a narrow 6Å iris that is 
required for translocation of edema factor (EF) and lethal factor (LF) into cells. We have 
shown recently that in the prepore state the 19F-F427 resonances are dynamic and exhibit two 
distinct resolvable resonances despite the heptameric 444 kDa structure. The 
resonances occur at~-37 and -37.2 ppm, with the latter exhibiting a much lower intensity 
than the former in the prepore state. However, upon transition to the pore, the -37.2 
resonance predominates and becomes sharp, suggesting that the transition to the pore 
state becomes more dynamic. We hypothesize that the -37.2 resonance in the prepore 
state represents the pore local structure, while the -37 ppm resonance is reflective of the 
prepore state. The two resonances may explain the dominant-negative mutations at 
D425, which, when mutated to Asn, Glu, Ala or Gln block the ability to form the pore state. 
Mutation at D425 to any of these amino acids would stabilize the prepore state, and as such 
little to no pore conformation would be accessible to these proteins. To verify this, we have 
investigated the 19F-NMR of the prepore in the context of a dominant-negative mutantD425A. 
We show that labeling a D425Amutantsite-specifically at F427 PA with pfluorophenylalanine 
exhibits a single broad resonance, with little evidence of the minor pore resonance, suggesting 
that dominant negative mutants act by changing the local structure around F427, versus 
disruption of hydrogen bonding 
 
Poster 16* 

Solution NMR Study of E. Coli Alkb Substrate Specificity 
 

Kyle Malcolm (Venditti Lab.) 
Iowa State University 

 
Solution NMR experiments including chemical shift perturbation, relaxation dispersion, 
and various types of exchange spectroscopy report on protein interactions and 
conformational dynamics and tell a detailed story about the solution behavior of a protein. Our 
ongoing research involves characterization of the conformational dynamics of the E. Coli 
Alkb, a 25kDa Fe2+ and αKG-dependent dioxygenase. AlkB is particularly interesting due to 
its promiscuity. It catalyzes nucleotide demethylation of several different methylated substrates 
with a range of activity, while also having appreciable binding to methylated nucleotides for 
which it is not catalytically active. This property provides a spectrum of complexes that can be 
investigated in their varied degrees of conformational change and solution dynamics. We have 
developed a method for interrogating the different complexes by replacing the catalytically 



active Fe2+ with Zn2+ which renders the complex catalytically inactive while retaining the 
geometry of the holoenzyme with nucleotide bound. Current work includes backbone 
assignment of the enzyme bound to Zn2+ and αKG; relaxation dispersion measurements, and 
determination of enzyme kinetics. This project is part of a larger project of the Venditti Lab 
which is studying the mammalian AlkB homolog family (AlkBH1-7 and FTO) in addition to E. 
Coli Alkb. Some members of the AlkB homologs retain similar functions to E. Coli Alkb, 
while others have developed novel functions. The goal of the project is to characterize the 
structure and conformational dynamics of each protein of interest to make hypotheses about the 
differences that are responsible for the divergence of functions in the Alkb homologs. This 
includes a general aim of describing how changes in structure and conformational dynamics of 
similar proteins can modify substrate specificity. 
 
Poster 17* 

Investigating the Structure and Dynamics of the Rad50 Zn Hook Domain in the 
Mre11-Rad50 DNA Repair Complex 

 
Stephan Azatian (Latham Lab.) 

University of Minnesota, Minneapolis 
 

The Mre11-Rad50 complex (MR) is important for DNA double-strand break repair in all 
organisms. Previous research has suggested that conformational changes in the globular, 
enzymatic region of Rad50 propagate long-range allosteric changes through the coiledcoil 
region to the apical zinc hook domain (ZHk), a distance of >500 Å. Crystal structures of the 
isolated ZHk suggest multiple conformations in solution, possibly emerging from interactions 
of the globular domain with DNA and ATP substrates. These conformations of the ZHk have 
not been well characterized. To study the ZHk by NMR spectroscopy as part of the full MR 
complex, we purified three segments of Rad50 consisting of the Nterminal coiled-coil region, 
methyl-labeled ZHk, and C-terminal coiled-coil region, and ligated the segments using two 
enzymes. Using methyl-based NMR, we have observed reduced 1H R2 relaxation rates upon 
the addition of a non-hydrolysable analog of ATP and double-stranded DNA in methyl ZHk-
labeled MR but not in isolated ZHk. Relaxation rates derived from CPMG and Forbidden 
experiments help uncover the dynamics of the coiledcoils and ZHk during MR-substrate 
interactions. In addition, mutation of residues involved in stabilizing the hydrophobic cleft and 
hydrogen bond interactions between the two strands in the “open” model showed significant 
effects on MR catalytic activity. Methyl group RDCs for substrate-bound ZHk-labeled MR 
may help validate models of conformational populations. In the future, heterogenous 
populations of structures will be generated and confirmed with RDC data of ZHk-labeled MR. 
 
Poster 18* 

Conformational Dynamics and the Substrate Selectivity Mechanism of hFTO 
 

Dan Burns (Venditti Lab.) 
Iowa State University 

 
The fat-mass and obesity associated FTO protein is a eukaryotic Fe2+ and alphaketoglutarate 
dependent Alkb dioxygenase that catalyzes the demethylation of various Nmethylated 



nucleobases. N6-methyladenosine (m6A) is an important epigenetic marker, regulating various 
processes such as transcription, translation, and cell differentiation and its mis-regulation is 
associated with diseases such as obesity and cancer. The molecular mechanism that explains 
how FTO differentiates between its preferred substrate, m6A, and other methylated bases is a 
clinically important question particularly for therapeutic development. In this work we 
investigate the role of FTO’s conformational dynamics in substrate selectivity. NMR and 
molecular dynamics simulations indicate that alternative bases and methylations propagate 
instability from the binding pocket through a network of residues while m6A promotes a subtle 
reorientation of the co-substrates to the catalytically competent state. 
 
Poster 19 

Tailoring RF pulses for NMR experiments using an evolutionary algorithm and 
artificial intelligence 

 
Manu Veliparambil Subrahmanian (Veglia Lab.) 

University of Minnesota, Minneapolis 
 

We present our new software for designing RF pulses tailored to specific NMR problems. 
GENETICS-AI, or Generator of Triply Compensated RF Pulses via Artificial Intelligence, 
is comprised of an evolutionary algorithm that creates a library of ~200,000 RF shapes 
and an artificial intelligence module from Python that learns from the RF library and 
generates optimal solutions to a given NMR problem [1]. GENETICS-AI can be used for 
excitation, inversion, refocusing, and selective excitation operations for several pulse 
schemes, spanning from high-resolution NMR to imaging [2]. Here, we show several 
applications for custom-design new water suppression schemes and accelerated 
acquisition of heteronuclear correlated spectra (HMQC and TROSY) for biopolymers 
[3,4]. 
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regulation of the human Alkbh1 protein 
 

Dilini Dissanayake (Venditti Lab.) 
Iowa State University 

 
Human Alkbh1 is a member of the AlkB family of proteins. Like other AlkB family proteins, 
hAlkbh1 is also a Fe2+ and alpha-ketoglutarate-dependent dioxygenase that catalyze 
oxidative demethylation of modified nucleotides and amino acids. In particular, hAlkbh1 
protein shows activity against six different substrates such as m6A in ssDNA/ bulge or 
bubble DNA, m3C in DNA/RNA, methylated lysine in histone H2A, m1A in mitochondrial 
tRNA for the demethylation, oxidation of m5C in mitochondrial tRNA and lyase cleavage 
of AP sites in DNA. Also, hAlkbh1 has been connected to many cancers, metastasis, 
developmental defects, hypothermia, etc. Since there is lack of information about how 
conformational dynamics mediate the function and substrate specificity of hAlkbh1, we 
have developed protocols to obtain mg amount of enzymatically active hAlkbh1 protein 
from recombinant expression in minimal media. Optimization of these protocols will 
enable solution NMR studies aimed at understanding the role of protein conformational 
dynamics in the regulation of the hAlkbh1. 
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Investigating the structural features of tandem pseudouridine residues in an RNA 
Duplex 
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Pseudouridine is the most frequently occurring modified ribonucleotide in nature, found 
in many organisms. These organisms have numerous enzymes that catalyze the 
conversion of uridine into pseudouridine. The pseudouridine modification occurs in many 
types of RNA, including tRNA, rRNA, and small nuclear RNAs (snRNAs) that form parts of 
the spliceosome involved in pre-mRNA processing. A conserved region of the Homo sapiens 
U1 snRNA that interacts with pre-mRNA contains tandem pseudouridine residues near the 5'-
splice site. When these residues are not converted to pseudouridine, there is decreased splicing 
activity. Two mimics of this splice site, one containing tandem pseudouridine residues and one 
containing tandem uridine residues, were studied by optical melting experiments and NMR to 
determine stability and structural differences between the two mimics. The NOESY walk for 
each oligonucleotide mimic has been completed, along with optical melting experiments. The 
cross-peaks from the 2D NOESY experiments will be used to generate distance restraints and 
run MD simulations to derive 3D structures of the two mimics. The work here should result in 
a better understanding of pseudouridine stability and structure and provide potential 
explanations for the reduced splicing activity in the absence of pseudouridine in U1 snRNA. 
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The first step toward NMR structural and dynamics studies of biomolecules is to assign 
the resonances in 2D correlation spectra to specific atoms in the molecular structure. In 
the case of large protein complexes (>100 kDa), side-chain methyl group labeling is used 
to overcome the NMR size limit. The assignment of the 2D methyl correlation spectra 
often relies on comparing NOESY data and a high-resolution 3D structure. Here, we show 
a way to assign a 2D spectra when a high-resolution crystal structure is not available by 
generating many structures from AlphaFold 2 and filtering them using NOEs and RDCs 
to find the most accurate structure which satisfies the side-chain methyl group 
assignments. The protein Xrs2 holds a crucial role in DNA double-strand repair, but many 
of the structural and dynamic features that contribute to that role remain unresolved. 
There are no crystal structures for Xrs2, so we used AlphaFold2 and Rosetta structure 
prediction tools to computationally derive models for Xrs2. Various strategies such as 
selective point mutations, labeled growth using various precursors, 3D-13C,13C,1H 
NOESY, and RDCs were utilized for the assignment of the Xrs2 2D methyl correlation 
spectra. We show that for the proteins that do not have an experimentally determined 
structure, AlphaFold2 can be used to generate a multitude of potential structures. Methyl 
group NOESY and RDCs can be used to filter for the best structure from among them 
while resulting in the assignment of the spectra. 
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Elucidation of the mechanisms of inter-domain coupling in the monomeric state 
of Enzyme I by high-pressure NMR 
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Enzyme I (EI) initiates the carbohydrate phosphotransferase system (PTS), a signal 
transduction pathway that controls the central carbon metabolism in bacteria. The transfer 
cascade is initiated by binding of phosphoenol pyruvate (PEP), which induces a series of intra- 
and interdomain conformational rearrangements and results in phosphorylation of EI. Prior to 
the binding, EI undergoes another key large-scale conformational rearrangement in the form of 
a monomer–to-dimer transition. The monomeric state of EI is inactive and unable to bind PEP. 
Since both oligomeric states are present at physiological concentrations of EI (1 - 10 μM), the 
monomer–dimer equilibrium of the enzyme has been often suggested to be a major regulatory 
element for PTS. Expanding on the recently published structural characterization of the 
isolated EIC monomeric state using a combination of high-pressure NMR and molecular 
simulations here we report a structural analysis of full-length EI monomeric state which was 
conducted by collecting backbone residual dipolar couplings (RDC) at 2 kbar. A 
conformational ensemble was generated using a recently described refinement protocol 



that takes advantage of the high computational efficiency of coarse-grained molecular 
dynamics (cgMD) to produce an ensemble of structures that is consistent with 
experimental RDC. The results of the structural analysis revealed that the dimer-tomonomer 
transition does not result in any significant local unfolding of the EIN domain 
but is associated with a significant increase in interdomain flexibility. Altogether, this study 
highlights the critical role played by conformational fluctuations in EI enzymatic process and 
suggests that the catalytical cycle of EI is driven by a general decrease in 
conformational entropy, at both an intra- and interdomain level. 
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Dissecting the Interplay between Transactivation and DNA Binding Domains of 
the ISR effector ATF4 
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Iowa State University 
 

Transcription factors (TFs) play the first and fundamental role in gene expressions. Most 
transcription factors possess two main functional domains: transactivation domain (TAD) and 
DNA binding domain (DBD). Most TADs are largely disordered and play a key role in 
modulating the transcriptional activity by binding to various coactivators and possessing 
multiple post-translational modification sites. Despite their crucial importance, the structural 
and functional basis of TADs remains poorly understood, which is one of the main reasons TFs 
are considered “undruggable.” Here, we focus on activating transcription factor 4 (ATF4), an 
essential Integrated Stress Response (ISR) effector with multiple binding partners that regulate  
the expression of more than 200 genes in mammalian cells. Using solution nuclear magnetic 
resonance spectroscopy complemented by a range of biophysical methods, we first characterize 
the structural features of the ATF4-TAD domain. We found that the isolated ATF4-TAD is 
predominantly yet not fully disordered in solution. Importantly, we found that the N-terminal 
region of TAD is involved in transient long-range interactions with its DBD, also known as the 
basicleucine zipper (bZip) domain. Finally, as well documented in many other transcription 
factors, our biochemical assays show that ATF4-TAD modulates the DNA-binding specificity 
of the ATF4-bZip domain. However, our results also show this type of fine regulation is 
reciprocal. In vitro phosphorylation assays with the CKII kinase show that the presence of bZip 
domain is required for phosphorylation of the TAD domain. This study uncovers the structural 
features of the TAD domain of ATF4 and its coupling with the bZip domain. These findings 
provide a basis for further research into exploiting ATF4 as a potential therapeutic target in 
cancer biology and ISR-implicated diseases. 
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ALKBH2 is a member of the ALKB family of proteins, which are Fe2+ and 
alphaketoglutarate-dependent dioxygenase which catalyze oxidative demethylation of modified 
nucleotides and amino acids. ALKBH2 shows specific preference for demethylating base 
positions m1A and m3C, and is especially active on double stranded DNA. Overexpression of 
ALKBH2 is associated with higher incidence of glioblastoma, bladder, lung, and other cancers, 
and may be particularly implicated in cancer treatment resistance. NMR spectroscopy can be 
used to study its conformational dynamics to discover more information about substrate 
preference and specificity, which could be used to find selective inhibitors and learn more 
about ALKBH2 regulation 
 


