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Schedule: 

Location:  Knowles Conference Center, College of Law 

Building, GSU: 

All Talks 15 min plus Q&A up to 20 min total! 

8:00-8:30 Coffee/Breakfast 

8:30-8:40 Opening Remarks: Patrick A. Frantom, University of Alabama 

Session 1 - Discussion Leader: Katie Tombrello, Auburn University 

8:40-9:00    Robert D. Franklin, Georgia Institute of Technology 

“Engineered amine dehydrogenase exhibits an altered kinetic mechanism 

compared to parent” 

9:00-9:20    Rachel Kozlowski, Emory University 

“Characterizing the surface coverage of enzyme-gold nanoparticle conjugates” 

9:20-9:40    Dr. Michael J. Reddish, Vanderbilt University 

“Some reactions require commitment: processivity of human aldosterone 

synthase” 

9:50-11:20 Poster Session 1 (Numbers 1-30 presenting.) 

Session 2 - Discussion Leader: Dr. Soumen Das, Georgia Institute of 

Technology 

11:30-11:50    Liju G. Matthew, University of Georgia 

“Anaerobic heme degradation by E. coli O157:H7: evidence for a radical 

intermediate” 

11:50-12:10   Mohamed Nasef, University of Alabama(Tuscaloosa) 

“Regulation of cyclic oligoadenylate synthesis by the S. epidermidis Cas10-Csm 

complex” 

12:10-12:30    Lee M. Stunkard, Purdue University 

“Beta-keto decarboxylation unveiled: sulfonate/nitro bearing methylmalonyl-

thioester isosteres applied to enzyme structure-function studies” 
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12:30-1:30 Lunch Break followed by Group Photo 

Session 3 - Discussion Leader:  Deepika Nambiar, University of Tennessee 

1:30-1:50     Shawn M. Sternisha, Florida State University 

“The dynamic functional landscape of an allosteric monomeric enzyme” 

1:50-2:10   Seda Kocaman, University of Tennessee(Knoxville) 

“Thermodynamics of aminoglycoside-enzyme yields clues on distinguishing 

thermophilic versus thermostable variants of the aminoglycoside 

nucleotidyltransferase 4’ (ANT4)” 

2:20-3:50 Poster Session 2 (Numbers 31-55 presenting.) 

Keynote Presentation - Discussion Leader: Dr. Patrick Frantom 

4:00-5:00    Dr. Zac Wood, University of Georgia 

“How nature harnesses entropy to tune protein function” 

5:00-5:10 Concluding Remarks: 

5:15-7:15 Post Conference Networking Social at the Ellis Hotel 
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Engineered amine dehydrogenase exhibits altered kinetic mechanism compared to 

parent 

 
Robert D. Franklin‡, John M. Robbins‡, Joshua A. Whitley‡, Andreas S. Bommarius‡# 

‡School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, 

Parker H. Petit Institute for Bioengineering and Bioscience, 

Engineered Biosystems Building, 950 Atlantic Drive N.W., GA 30322, USA 

#School of Chemistry and Biochemistry, Georgia Institute of Technology, 

950 Atlantic Drive, Atlanta, GA 30332-2000, USA 

 

Amine dehydrogenases (AmDHs) catalyze the reductive amination of prochiral ketones 

to produce chiral amine compounds.1 Chiral amines are frequent intermediates in high value 

active pharmaceutical ingredients, and the biocatalytic production of these compounds has 

been increasingly attractive for top pharmaceutical manufacturers. AmDHs were developed by 

engineering the substrate binding pocket of amino acid dehydrogenases (AADHs) to eliminate 

activity towards keto acids and introduce activity toward methyl ketones.  The reaction requires 

ammonia as the nitrogen source and a hydride transfer from an NADH cofactor, as seen in the 

reaction scheme below.  

Determination of reaction kinetics is a necessary step toward efficient reactor design 

for use of these biocatalysts on a large scale. While significant work has been done to determine 

the kinetics of AADHs, the same treatment has not been given to AmDHs. In the present work, 

we demonstrate the first detailed study into the kinetic mechanism of amine dehydrogenases, 

in both the reductive amination and oxidative deamination directions. Of particular interest are 

the differences and similarities between the kinetic mechanisms of AmDHs and their parent 

AADHs.  

Using the method of initial rates outlined by Cleland,2 kinetic rate laws for leucine 

amine dehydrogenase (L-AmDH) and its parent, leucine dehydrogenase (LeuDH), were 

determined. The kinetic mechanism of the studied AmDH was indeed found to be different 

from the parent enzyme, a surprising finding given that the two enzymes differ by only four 

residues. L-AmDH exhibits a random order of association of ketone and cofactor in the 

reductive amination direction, compared to the ordered sequential mechanism of LeuDH. In 

the oxidative deamination direction, an ordered sequential mechanism was confirmed for 

LeuDH, while a more complicated situation was found for L-AmDH. Further evidence of 

mechanistic differences was uncovered through product inhibition experiments. Finally, 

investigations of kinetic solvent viscosity effects showed that a conformation change upon 

substrate association was important for LeuDH catalysis, but not for AmDH catalysis.  

 
1. Abrahamson, M. J.; Vazquez-Figueroa, E.; Woodall, N. B.; Moore, J. C.; Bommarius, A. S., 
Development of an amine dehydrogenase for synthesis of chiral amines. Angew Chem Int Ed Engl 
2012, 51 (16), 3969-72. 
2. Cook, P. F.; Cleland, W. W., Enzyme Kinetics and Mechanism. Garland Science: 2007. 
3. Franklin, R. D; Whitley, J. A.; Robbins, J. M.; Bommarius, A. S., Engineered amine 
dehydrogenase exhibits altered kinetic mechanism compared to parent with implications for 
industrial application. Chemical Engineering Journal 2019, Accepted 
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Characterizing the Surface Coverage of Enzyme-Gold Nanoparticle Bioconjugates 

 

Rachel Kozlowski‡, Ashwin Ragupathi‡, and R. Brian Dyer‡ 

 
‡Department of Chemistry, Emory University, Atlanta, GA 30322 

 

Bioconjugation of enzymes to nanoparticles is a growing field, as nanoparticles are 

biologically inert and therefore relevant for biological and medical applications, such as drug 

delivery and biosensing. These bioconjugates need to be functionally optimized, but current 

methods of structure and activity characterization are inadequate for the necessary high level 

of control. There is information lacking with existing characterization schemes, particularly 

involving methods for determining enzyme surface coverage on nanoparticles. Methods exist 

for high concentrations of enzymes, likely containing multilayers on nanoparticles, but there is 

no current method for low (monolayer) surface coverages. In this study, several bioconjugate 

characterization techniques are integrated in the development of a complete characterization 

methodology. The primary focus is on site-specific attachment of enzymes to gold 

nanoparticles (AuNPs) and understanding the surface coverage of enzymes on AuNPs. 

Dihydrofolate reductase is used as a model enzyme system, and single cysteine mutations are 

engineered to ensure site-specific attachment to the AuNPs of 5 nm, 15 nm, and 30 nm 

diameter, which each provide different surface curvature. Binding of different regions of the 

enzyme structure is investigated: on the FG loop versus a rigid alpha helix. SDS-PAGE, 

UV/Vis spectrophotometry, Dynamic Light Scattering, and a novel fluorescence assay for 

accurate determination of monolayer enzyme concentration on AuNPs are combined to create 

the integrated characterization methodology. Combining both the enzyme and AuNP 

concentration determinations in conjugate samples allows for the precise calculation of enzyme 

surface coverage on AuNPs, which is then further related to surface curvature. We present an 

integrated approach to characterize enzyme-AuNP conjugates, where we address the currently 

lacking knowledge of surface coverage of enzyme on AuNPs. Further, this combined approach 

is important to the understanding of enzyme-AuNP bioconjugate functionality, such as enzyme 

activity. 
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Some Reactions Require Commitment: Processivity of Human Aldosterone Synthase  

 
Michael J. Reddish1, F. Peter Guengerich1 

 
1Department of Biochemistry, Vanderbilt University School of Medicine, Nashville, TN, 

United States of America 

 

 

Aldosterone synthase is a human cytochrome P450 enzyme responsible for the 

formation of aldosterone, the major human mineralocorticoid steroid. Aldosterone is important 

for regulation of electrolyte homeostasis, but aldosterone synthase mutations and 

overexpression can lead to deleterious effects such as hypertension, congestive heart failure, 

and diabetic nephropathy. The enzyme is therefore a target for drug development to treat 

various conditions. Aldosterone synthase catalyzes the formation of aldosterone from 11-

deoxycorticosterone through three distinct oxidation steps. It is currently unknown if these 

reactions happen in sequence without the intermediate products dissociating from the enzyme 

(i.e., processively) or if these reactions happen distributively where the intermediate products 

must first dissociate and then rebind to the enzyme prior to subsequent oxidation. 

Understanding the processivity of aldosterone synthase has important implications for drug 

design. 

Our results indicate that aldosterone synthase reactivity, in terms of both kcat and 

kcat/KM, is 11-deoxycorticosterone > corticosterone >> 18-OH corticosterone. We studied the 

equilibrium and kinetic binding parameters of the enzyme with each of its reactants and 

products. The production of aldosterone by human aldosterone synthase must proceed 

predominantly through a processive mechanism because the enzyme produces aldosterone 

significantly faster when starting with 11-deoxycorticosterone or corticosterone than 18-OH 

corticosterone. This hypothesis is confirmed by pulse-chase kinetic measurments. The enzyme 

can bind 18-OH corticosterone to be able to support faster turnover; however, it appears that 

this binding does not lead to a productive enzyme-substrate complex. We believe this is 

because free 18-OH corticosterone exists in a hemiketal, lactol state that makes the 18-carbon 

inaccessible to further oxidation. However, if the 18-OH corticosterone is produced by the 

enzyme it is stabilized in an open-ring, ketone form that can still be oxidized. Aldosterone 

synthase must act processively to form aldosterone to avoid the inactive hemiketal form of 18-

OH corticosterone that exists free in solution. This is not a concern for the substrates 11-

deoxycorticosterone or corticosterone because they do not form a lactol; therefore, these 

reactions can proceed distributively or processively. 

 

This study was supported by in part by the NIH through R01 GM118122 (F.P.G.) and by the 

NIH Training Program in Environmental Toxicology, T32 ES007028 (M.J.R.). 
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Anaerobic Heme Degradation by E. coli O157:H7: Evidence for a Radical Intermediate 

 
Liju G. Mathew‡, Clayton L. Pritchett‡, Joseph W. LaMattina§, Alexey Silakov§, and William 

N. Lanzilotta‡ 

 
Department of ‡Biochemistry and Molecular Biology, University of Georgia, Athens, GA 30605; Department of 

§Chemistry, The Pennsylvania State University, State College, PA 16801  

Often, iron acquisition drives bacterial virulence.1 In host environments, heme 

represents a viable iron source; consequently, many bacterial pathogens have adapted high-

affinity heme acquisition systems.2,3,4 Targeting these pathways remains an active research 

area, yet studies focused towards heme utilization have overlooked an anaerobic pathway until 

the recent discovery of anaerobic heme degradation in enterohemorrhagic Escherichia coli.5 

Within the E. coli heme utilization (Chu) operon, ChuW, a Radical S-Adenosyl-L-

Methionine (SAM) Methyltransferase, catalyzes the heme ring-opening reaction.5 Most radical 

SAM enzymes initiate catalysis through the reductive cleavage of SAM to produce L-

methionine and a 5’-deoxyadenosine radical (5’-dAdo•), and all Radical SAM enzymes 

contain a [4Fe-4S] cluster responsible for the reductive cleavage reaction.6 ChuW catalyzes 

methyl addition to a methine bridge of heme, but further investigation is required to understand 

how this facilitates ring opening. Additionally, the role the heme-iron may play in catalysis 

remains unknown. 

 Here we demonstrate ChuW catalyzes porphyrin ring opening independently of the 

heme-iron and provide evidence for SAM-dependent heme binding. HPLC/MS data 

demonstrate ChuW produces the same linear tetrapyrrole product, anaerobilin, whether the 

porphyrin is metallated or not. Enzyme progress curves and UV-Vis spectra demonstrate SAM-

dependent changes to heme binding and degrading activity. Finally, Rapid Freeze Quench 

Electron Paramagnetic Resonance (RFQ-EPR) data provide evidence for multiple radical 

intermediates in the early stages of the mechanism. Together, these data confirm that unlike 

canonical heme oxygenases, the heme-iron does not have a catalytic role in anaerobic heme 

degradation. Ultimately, a thorough understanding of this system will pave the way for 

developing therapeutics specific to aggressive bacterial pathogens. 

 
This study was supported by NIH Grant R01GM124203 awarded to W.N.L. 

 

(1)  Skaar, E. P. The Battle for Iron between Bacterial Pathogens and Their Vertebrate Hosts. PLoS Biol. 2005, 

3 (July), 1149–1151. 

(2)  Hazmanian, S. K.; Skaar, E. P.; Gaspar, A. H.; Humayun, M.; Gornicki, P.; Jelenska, J.; Joachmiak, A.; 

Missiakas, D. M.; Schneewind, O. Passage of Heme-Iron across the Envelope of Staphylococcus Aureus. 

Science (80-. ). 2003, 299 (5608), 906–909.  

(3)  Létoffé, S.; Nato, F.; Goldberg, M. E.; Wandersman, C. Interactions of HasA, a Bacterial Haemophore, 

with Haemoglobin and with Its Outer Membrane Receptor HasR. Mol. Microbiol. 1999, 33 (3), 546–555.. 

(4)  Wyckoff, E. E.; Duncan, D.; Torres, A. G.; Mills, M.; Payne, S. M. Structure of the Shigella Dysenteriae 

Haem Transport Locus and Its Phylogenetic Distribution in Enteric Bacteria. Mol. Microbiol. 2003, 28 

(6), 1139–1152.  

(5)  LaMattina, J. W.; Nix, D. B.; Lanzilotta, W. N. Radical New Paradigm for Heme Degradation in 

Escherichia Coli O157:H7. Proc. Natl. Acad. Sci. 2016, 113 (43), 12138–12143.  

(6)  Broderick, J. B.; Duffus, B. R.; Duschene, K. S.; Shepard, E. M. Radical S-Adenosylmethionine Enzymes. 

Chemical Reviews. 2014, pp 4229–4317.  
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Regulation of cyclic oligoadenylate synthesis by the S. epidermidis Cas10-Csm complex 

 Mohamed Nasef ‡, Mary C. Muffly‡, Andrew B. Beckman ‡, Forrest C. Walker ζ, Asma 

Hatoum-Aslan ζ, Jack A. Dunkle ‡ 

‡ Department of Chemistry and Biochemistry, University of Alabama, 250 Hackberry Ln, Tuscaloosa, Alabama 

35487;  ζDepartment of Biological Sciences, University of Alabama, 300 Hackberry Ln, Tuscaloosa, Alabama 

35487 

 

CRISPR-Cas systems are a class of adaptive immune systems in prokaryotes that use 

small CRISPR RNAs (crRNAs) in conjunction with CRISPR-associated (Cas) nucleases to 

recognize and degrade foreign nucleic acids. Recent studies have revealed that Type III 

CRISPR-Cas systems synthesize second messenger molecules previously unknown to exist in 

prokaryotes, cyclic oligoadenylates (cOA). These molecules activate the Csm6 nuclease to 

promote RNA degradation and may also coordinate additional cellular responses to foreign 

nucleic acids. Although cOA production has been reconstituted and characterized for a few 

bacterial and archaeal Type III systems, cOA generation and its regulation have not been 

explored for the Staphylococcus epidermidis Type III-A CRISPR-Cas system, a longstanding 

model for CRISPR-Cas function.  

Here, we demonstrate that this system performs Mg2+ dependent synthesis of 3-6 nt 

cOAs. We show that activation of cOA synthesis is perturbed by single nucleotide mismatches 

between the crRNA and target RNA at discrete positions, and that synthesis is antagonized by 

Csm3-mediated target RNA cleavage. Altogether, our results establish the requirements for 

cOA production in a model Type III CRISPR-Cas system and suggest a natural mechanism to 

dampen immunity once the foreign RNA is destroyed. 
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β-keto acid decarboxylation unveiled: sulfonate/nitro bearing methylmalonyl-thioester 

isosteres applied to enzyme structure-function studies 

 
Lee M. Stunkard, Austin D. Dixon, Tyler J. Huth, and Jeremy R. Lohman 

Department of Biochemistry, Purdue University, West Lafayette, IN 47907, USA. 

Malonyl-thioesters are reactive centers of malonyl-CoA and malonyl-S-acyl carrier 

protein, essential to fatty acid, polyketide, and various specialized metabolite biosynthesis. 

Enzymes that create or use malonyl-thioesters spontaneously hydrolyze or decarboxylate 

reactants on the crystallographic time frame preventing determination of structure-function 

relationships. To address this problem we have synthesized a panel of methylmalonyl-CoA 

analogs with the carboxylate represented by a sulfonate or nitro and the thioester retained or 

represented by an ester or amide. Two studies with structures of Escherichia coli 

methylmalonyl-CoA decarboxylase, MMCD, and streptomyces atroolivaceus LnmK, 

bifunctional acyltransferase-decarboxylase, in complex with our analogs affords insight into 

substrate binding and the decarboxylase catalytic mechanisms of each enzyme. 

Counterintuitively in MMCD, the negatively charged sulfonate and nitronate functional groups 

of our analogs bind in an active site hydrophobic pocket. Upon decarboxylation the enolate 

intermediate is protonated by a histidine preventing CO2-enolate recombination, yielding 

propionyl-CoA. Activity assays support a histidine catalytic acid and reveal the enzyme 

displays significant hydrolysis activity. Our analogs inhibit decarboxylation/hydrolysis activity 

with low micromolar Kis. As would be expected in LnmK, the negatively charged sulfonate 

and nitronate functional groups of our analogs bind in a hydrophilic binding pocket. After 

decarboxylation, the enolate intermediate is bound in an oxyanion hole formed by one 

backbone amide hydrogen bond. While our structures do not reveal what is responsible for 

protonating the enolate intermediate, we propose a conformational change allowing for a 

tyrosine to protonate the enolate intermediate, creating the nucleophile necessary for the 

acyltransferase activity. Our substrate analogs are bound with Kds in the low micromolar to 

mid nanomolar range. These studies set a precedent for using malonyl-CoA analogs with 

carboxyate isosteres to study the complicated structure-function relationships of acyl-CoA 

carboxylases, trans-carboxytransferases, malonyltransferases, and β-ketoacylsynthases. 
  



15 
 

 

 

 

 

Session 3: 

 

 

Discussion Leader 

 

Deepika Nambiar 

  



16 
 

The Dynamic Functional Landscape of an Allosteric Monomeric Enzyme 

 
 Shawn M. Sternisha1, A. Carl Whittington1, Juliana A. Martinez1, Carol Porter1, Malcolm 

M. McCray1, Peilu Liu1, Peter J. Steinbach3, Timothy Logan1,2, Alan G. Marshall1,3, 

Gianluigi Veglia5, and Brian G. Miller1 

Departments of 1Chemistry and Biochemistry and 2Institute of Molecular Biophysics, Florida 

State University, Tallahassee, FL; 3Ion Cyclotron Resonance Program, The National High 

Magnetic Field Laboratory, Tallahassee, FL; 4Center for Molecular Modeling and Center for 

Information Technology, National Institutes of Health, Bethesda, MD; 5Department of 

Chemistry, University of Minnesota, Minneapolis, MN 

Glucokinase (GCK) is a central regulator of glucose homeostasis in the human body. It 

also serves as the prototypic example of an emerging class of proteins with allosteric-like 

behavior originating from intrinsic polypeptide dynamics, rather than from long-distance 

communication between multiple ligand binding sites.(1) A major impediment to understanding 

the molecular origins of allostery in unconventional systems such as GCK is the lack of a 

detailed description of the protein’s dynamic conformational landscape, including the number, 

structure and relative population of states encoded by the polypeptide sequence. Here, we use 

a combination of steady-state viscosity variation studies, transient-state chemical quench flow 

analyses, hydrogen-deuterium exchange mass spectrometry, time-resolved fluorescence 

spectroscopy and 19F nuclear magnetic resonance to map the intrinsic dynamics and structural 

topography of GCK. Our results uncover two distinct mechanisms by which hyperinsulinemia-

associated mutations alter GCK’s hallmark cooperativity.(2)
 The data also reveal how 

conformational heterogeneity of the unliganded enzyme, along with intrinsic dynamics across 

a range of timescales, gives rise to allostery. The resulting model of GCK’s dynamic functional 

landscape may facilitate the development of new diabetes and hyperinsulinemia therapeutics 

that operate by preferentially targeting specific conformational states along the catalytic cycle. 

 

This work was supported, in part, by grants DK081358 and GM115388 from the National 

Institutes of Health, the National Science Foundation Division of Materials Research through 

Grant DMR-11-57490, and the State of Florida. 

 

 

1. Larion, M., Hansen, A.L., Zhang, F., Brüschweiler-Li, L., Tugarinov, V., Miller, B.G., 

and Brüschweiler, R. (2015) Kinetic cooperativity in human pancreatic glucokinase 

originates from millisecond dynamics of the small domain, Angewandte Chemie 

International Edition 54, 8129-8132. 

2. Sternisha, S.M., Liu, P., Marshall, A.G., and Miller, B.G. (2018) Mechanistic origins 

of enzyme activation in human glucokinase variants associated with congenital 

hyperinsulinism, Biochemistry 57, 1632-1639. 
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Thermodynamics of aminoglycoside-enzyme yields clues on distinguishing 

thermophilic versus thermostable variants of the Aminoglycoside 

Nucleotidyltransferase 4' (ANT4)  

 

 

Seda Kocaman
1
, Brinda Selvaraj

2
, Matthew Cuneo

2
 and Engin H. Serpersu

1,3,4
 

1
Department of Biochemistry, Cellular and Molecular Biology, The University of Tennessee, 

Knoxville, TN 37996. 
2
 Neutron Sciences Division, Oak Ridge National Laboratory, Oak 

Ridge, TN 37831. 3Graduate School of Genome Science Technology, The University of 

Tennessee and Oak Ridge national Laboratory, 
4
National Science Foundation, Alexandria, VA 

22314 

 

The aminoglycoside nucleotidyltransferase 4' (ANT) is a homodimeric enzyme that detoxifies 

many aminoglycoside antibiotics by nucleotidylating them at the C4'-OH site. Two single site 

variants with increased thermostability (T130K, D80Y) showed contrasting thermodynamic 

properties. While T130K shows identical properties to the mesophilic WT, D80Y has stark 

differences. Data, acquired in H2O and D2O by ITC, demonstrated that solvent reorganization 

upon ligand binding and changes in low frequency (soft) vibrational modes of the protein are 

the major contributors for the formation of enzyme-aminoglycoside complexes for WT and 

T130K. Temperature dependence of ΔCp with D80Y was another difference separating this 

variant from T130K and WT both of which have a constant ΔCp in the temperature range 

studied.  X-ray structures of these enzymes provide a simple explanation for the thermostability 

of T130K where the side chain of K130 makes a H-bond with the backbone Oxygen of S90 

and brings the unstructured segment around S90 closer to the helical part of K130 acts like a 

lynchpin to provide increased thermostability without altering dynamic and thermodynamics 

of the protein. The same distance between these two residues are too long for the formation of 

a H-bond in WT and D80Y. Overall, the data shown in this work suggest that global 

thermodynamics of ligand-protein interactions and solvent effects may be among the molecular 

parameters that define thermophilic properties for ANT. The applicability of these findings to 

other systems remains to be seen. 
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How nature harnesses entropy to tune protein function.  

 

Zachary A. Wood1†, Nicholas D. Keul1‡, Krishnadev Oruganty2, Elizabeth T. Schaper 

Bergman5, Nathaniel R. Beattie1, Weston E. McDonald1, Renuka Kadirvelraj1, 

Michael L. Gross5, Robert S. Phillips3, Stephen C. Harvey4 

 

1Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA, 

USA. 2Department of Biomedical Engineering, University of Michigan, Ann Arbor, MI, 

USA.3Department of Chemistry, Washington University in St. Louis, St. Louis, MO, 

USA.4Department of Chemistry, University of Georgia, Athens, GA, USA. 5Department of 

Biochemistry and Biophysics, University of Pennsylvania, Philadelphia, PA 
†Corresponding Author 
‡First Author 

 

How evolution shapes the conformational landscape of a protein to tune a 

specific function is poorly understood. Protein evolution is constrained by the 

stability of the folded, native state. Despite this, many proteins contain 

intrinsically disordered (ID) peptide segments. In fact, 44% of human proteins 

contain ID segments >30 residues in length. The majority of these segments have 

no known function and are often removed to facilitate structural studies. Here we 

show that an ID segment can enhance the affinity of an effector binding site by 

modifying the dynamics of an allosteric network. The enhanced affinity does not 

depend on the sequence or charge of the ID segment. Instead, changes in effector 

binding affinity can be accurately predicted based on segment length alone. Using 

a combination of transient state kinetics, hydrogen-deuterium exchange mass 

spectrometry, thermal denaturation studies, computer simulation and crystal 

structure analysis, we show that the ID segment generates an entropic force that 

can rectify the conformational ensemble of a protein to favor a specific functional 

state. Thus, the persistence of intrinsic disorder in the proteome may reflect the 

evolution of low complexity structural elements that can tune a specific protein 

function. 
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On the Role of H183Q in the Electron Transfer Reaction Catalyzed by Nitronate 

Monooxygenase from Pseudomonas aeruginosa PAO1 

Christopher Aguillon‡ and Giovanni Gadda‡,⊥,β,θ 

Department of ‡Chemistry, ⊥Biology, βCenter for Biotechnology and Drug Design, and 
θCenter for Diagnostics and Therapeutics, Georgia State University, Atlanta, GA 30302-3965 

Nitronate monooxygenases (NMOs; E.C. 1.13.12.16) are a class of flavin-dependent 

detoxifying enzymes that catalyze the oxidation of propionate 3-nitronate (P3N). The toxicity 

of P3N is largely due to its inhibition of the Kreb’s cycle. Biochemical and structural properties 

for an NMO from Pseudomonas aeruginosa (PaNMO) have been elucidated. PaNMO 

catalyzes the oxidation of P3N with kcat and kcat/Km values of 1,000 s-1 and ≥107 M-1s-1.1 The 

oxidation occurs via a single electron transfer to the flavin cofactor and a subsequent reduction 

of molecular oxygen. A highly conserved His183 in the active site of PaNMO points ~6 Å 

toward the si face of the flavin. We hypothesized that His183 facilitates substrate binding and 

catalysis in PaNMO. Here, His183 was replaced with glutamine to characterize its role in P3N 

binding and catalysis. 

The steady-state kinetic parameters for H183Q were determined by changing both 

concentrations of P3N and oxygen and measuring the initial rates of oxygen consumption. The 

resulting kinetic parameters at pH 7.5, with the relative difference to the WT enzyme in 

parenthesis, were kcat = 14 s-1 (100x ↓), KP3N = 0.17 mM (1x), kcat/KP3N = 82,000 M-1s-1 (120x 

↓), KO2 = 20 µM (4x ↓), and kcat/KO2 = 660,000 M-1s-1 (30x ↓). The reductive half-reaction of 

H183Q with P3N was studied anaerobically in a stopped-flow spectrophotometer yielding a 

value for flavin reduction kred of 13 s-1 and a Kd value of 0.17 mM. These results suggest that 

the single-electron transfer from P3N to the flavin cofactor is fully rate limiting for turnover in 

the H183Q enzyme. An extended lag that was inversely dependent on the concentration of P3N 

was observed in the stopped-flow traces prior to flavin reduction, suggesting the presence of 

an isomerization of the ES complex required for the electron transfer reaction. For the first 

time, the crystal structure of an NMO-3-nitropropionic acid complex was solved. Current 

studies are aimed at refining the three-dimensional structures of H183Q with and without 

ligand and at further characterizing the lag period as observed in the reductive half-reaction of 

H183Q. 

 

This study was supported in part by grant CHE-1506518 from the NSF (G.G.), a GSU 

Molecular Basis of Disease Fellowship (C.A.), an IMSD Fellowship (C.A.), and an LSAMP 

Fellowship (C.A.). 
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Phosphorofluoridates have for many years played an important role as probes in the elucidation 

of enzyme mechanism. Their role as a proxy for phosphates, phosphoramidates, etc., is enhanced by 

their unique NMR properties, the interpretation of which can probe further into the nature of an active 

site.1,2  

Previous studies in the synthesis of materials containing a P-F bond where the phosphorus atom 

is part of a nucleotide or phosphonate have resorted to potent fluorinating methods which can cause 

significant degeneration of the substrate.3 

Our methodology, apart from being green, is quite benign as aqueous fluoride solutions are the 

key. Either an activated nucleotide and potassium fluoride,4 or the corresponding phosphorus acid and 

aqueous fluoride with a water soluble carbodiimide (EDC)5 provide excellent conversions. 

The important physiologically active phosphonates, Adefovir® and Tenofovir® are 

particularly good examples of the methods in action, whereby the corresponding phosphonofluoridates 

are produced in almost quantitative yield in a matter of hours.5 To the best of our knowledge, these 

materials have to date not yet been used in studies in the mechanism of action of these antivirals. 

We have identified limits to this functional group interconversion and find that phophinic acids 

do not react with 1M potassium fluoride in the presence of EDC except in the parent case. Since we 

have been developing a wide-ranging set of syntheses of imides from dicarboxylic acids, known to be 

related to tyrosine kinase inhibitors, large water insoluble molecules pose a special problem if the green 

chemistry were to be continued. Our exploratory work has begun with THF solutions of quaternary 

ammonium fluoride with EDC and, for example, 4-phthaloylaminobenzyl phosphonic acid. 

Model reactions in which ever larger substuents were attached to the benzyl phosphonic acid 

were initially carried out via the imides from p-toludine. Conversion with NBS to a benzylic bromide 

followed by an Arbuzov reaction and hydrolysis, provided the phosphonic acid.6  

This chemistry could clearly be used on a huge range of enzymatic systems be they simply 

biochemical or biomedical. The study of enzyme systems in which the P-F bond could be an interesting 

probe in the system can usefully provide three-dimensional information concerning the nature of the 

binding in the substrate pocket. 

 

These studies were supported by the Undergraduate Research Program of Rensselaer Polytechnic 

Institute. Undergraduate student contributors were Jonathan Gottwald, Michaela Burnley, Renee Nuzzi, 

Elizabeth Ott, Mary Lucas#, Shannon O’Neil#, Robin Newman#, Joseph Rocchio# and Ruyu Ning# (# 

= current) 
 

1. Withers, S. G.; Madsen, N. B., Biochem. Biophys. Res. Commun. 1980, 97, 513–519. 

2.  Guranowski, A.; Wojdyla, A. M.; Pietrowska-Borek, M.; Bieganowski, P.; Khurs, E. N.; Cliff, M. J.; Blackburn, 

G. M.; Blaziak, D.; Stec, W. J., FEBS Lett. 2008, 582, 3152–3158. 

3. a) Saltmarsh, J. R.; Boyd, A. E.; Rodriguez, O. P.; Radic, Z.; Taylor, P.; Thompson, C. 

M. Bioorg. Med. Chem. Lett. 2000, 10, 1523–1526. 

b) Watanabe, Y.; Sofue, S.; Ozaki, S.; Hirata, M. Chem. Commun. 1996, 1815–1816.  

c) Misiura, K.; Szymanowicz, D.; Kusnierczyk, H. Bioorg. Med. Chem. 2001, 9, 

1525–1532. 

d) Lapeyre, C.; Delomenede, M.; Bedos-Belval, F.; Duran, H.; Negre-Salvayre, A.; 

Baltas, M. J. Med. Chem. 2005, 48, 8115–8124.  

4. The reaction of activated RNA species with aqueous fluoride ion: a convenient synthesis of nucleotide 5′-

phosphorofluoridates and a note on the mechanism. Michael F. Aldersley, Prakash C. Joshi, Herbert M. Schwartz, 

Anthony J. Kirby, Tetrahedron Letters 2014; 55(8):1464–1466.  

5. The Introduction of P-F bonds using aqueous fluoride ion and a water soluble carbodiimide: a convenient alternative 

synthesis of phosphorofluoridates and phosphonofluoridates. Michael F Aldersley, Prakash C. Joshi, Elizabeth L. 

Ott, Scott A. McCallum, Anthony J. Kirby Tetrahedron Letters 2015; 56(38), 5272‐5274. 

6. Benzylphosphonic Acid Tyrosine Kinase Inhibitors, Robert L. Dow and Steven W. Goldstein, Pfizer Inc., Patent, 

International Publication Number: WO 91/15495 1991. 

 



25 
 

 Examining the Domain-Domain Interaction in Split Dehydrated Bi-Modules of 

Type I trans-AT Module PKSs 
 

Reham Al-Dhelaan1, Paul S. Russo2, Sean E. Padden1, Young-Ok You1,2 

 
1 Department of Chemistry and Biochemistry, George Mason University, Fairfax, Virginia 

22030, United States  
2 Institute of Advanced Biomedical Research, and Center for Applied Proteomics and 

Molecular Medicine, George Mason University, Manassas, Virginia 20110, United States 

 

 
Polyketide biosynthesis (PKSs) are large multidomain complex that is responsible for 

the biosynthesis of various complex compounds many of which are used in medicine. The 

PKSs domain-domain interaction contains gap of knowledge; hence, understanding the 

domain-domain interaction reactions are vital for future engineering. In this study, we 

attempted to explain one of the previously unknown domain-domain interaction in PKSs. 

Type I trans-AT module PKSs are multidomain enzymes, which resemble an assembly 

line for the synthesis of chemically diverse polyketide natural products. Additionally, the trans-

AT PKSs enzymes are distinguished by their novel enzyme functions, architectures 

organizations, the appearance of "trans-acting" domains, and finally the presence of the 

condensation-incompetent ketosynetesis (KS0) domain. 

We perform a bioinformatic analysis of various acyl-carrier proteins (ACP) obtained 

from a number of trans-AT PKSs, which showed that ACPs forms clades matching their 

modules organization. The split dehydrated bi-modules are one of modules organization that 

have been examined on this clades. This study focused on split dehydrated bi-modules that are 

attached to by KS0 along with ACP containing specific motifs in the loop II. Our result shows 

that the activity of ACPs carrying " PTLLFE motif" in loop II showed a notable difference 

compared to the ACPs lacking the motif.  This poster will display a summary of results obtained 

in the study along with the connection between the ACP and reactivity. 
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Fluctuating salinity/osmolarity is a major environmental stressor that cells must cope 

with using various strategies. To prevent water loss and maintain cell turgor under high salinity 

conditions, many microorganisms accumulate osmolytes. The most common osmolytes are 

known as compatible solutes, which are charged and/or polar small organic molecules, such as 

polyols, betaines, and certain amino acid derivatives, that do not interfere with normal cellular 

operations when they are present at high concentrations.1 Methanogenic archaea uniquely 

employ -amino acids and their derivatives as compatible solutes, most commonly -glutamate 

and N-acetyl--lysine.2 N-acetyl--lysine biosynthesis from -lysine requires two enzymes, 

lysine-2,3-aminomutase (LAM) and an acetyltransferase, and the genes encoding these two 

enzymes, ablA and ablB, are found in tandem in the genomes of several methanogens. Both 

genes were previously shown to be essential for growth on high salt in Methanococcus 

maripaludis JJ.3 Here, we generated a deletion of both ablA and ablB in M. maripaludis S2 in 

order to further understand the importance of these genes in our model methanogen, as well as 

to use as a tool for studying other potential compatible solute biosynthesis enzymes. The M. 

maripaludis S2 ablAablB strain can surprisingly grow on high salt, although it is moderately 

impaired compared to wild-type. This suggests that without N-acetyl--lysine, M. maripaludis 

S2 synthesizes and/or transports another molecule to use as a compatible solute. We 

additionally overexpressed a methanogenic LAM (MmarC7_0106) in E. coli for in vitro 

characterization. The purified enzyme contains the expected [4Fe-4S]+2/+1 cluster and catalyzes 

the conversion of L--lysine to -lysine in the presence of S-adenosylmethionine (SAM) and 

dithionite, consistent with the expected radical SAM reaction.   

 
References: 
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Pyruvate kinase (PYK) transfers a phosphate from phosphoenolpyruvate to ADP to 

produce the cellular energy currency ATP and pyruvate, completing the terminal step of 

glycolysis. While multiple isoforms exist throughout the body, only one, PYKM1, is 

constitutionally active. In contrast, the PYKM2 isoform found in fetal tissues and proliferating 

cells requires the presence of the allosteric effector fructose-1,6-bisphosphate to assemble into 

an active tetramer. Notably, PYKM2 is generally the most abundant form identified in 

cancerous cells. The PYKM2 enzyme has also been shown to be uniquely susceptible to 

regulation by other metabolites, including free amino acids such as phenylalanine, alanine, 

serine, and histidine. Crystallography has demonstrated that each amino acid binds in the same 

pocket, removed from the canonical allosteric effector binding site. Co-crystallized structures 

have revealed that phenylalanine induces a conformational change that disrupts an interfacial 

interaction required for catalysis, a phenomenon also demonstrated in vitro by a loss of 

enzymatic activity. Inhibition of such a critical metabolic enzyme is an attractive strategy for 

cancer therapies. Although this approach is often plagued by lack of specificity, the preferential 

binding of specific amino acids to the cancer-associated isoform (PYKM1 activity is 

unhindered in the presence of the aforementioned amino acids) may be exploited. 

To investigate the dynamic processes associated with the interconversion of active and inactive 

states, native tryptophan residues may be used as non-perturbing fluorescence probes. The 

interfacial tryptophan residues W482 and W515 of each protomer are highly dynamic, and curl 

inward upon phenylalanine binding. Equilibrium fluorescence measurements from direct 

tryptophan excitation of H. sapiens PYKM2 complexes report on this change in interfacial 

assembly of the enzyme. In addition, Förster resonance energy transfer has been observed from 

tryptophan donors to Tb3+ substituted in the active site and a sulfonamide-based fluorescent 

dye bound in the secondary allosteric binding site. Given the structural precedence and in vitro 

validation of other single amino acids as both inhibitors and activators of PYKM2 activity, 

continuing this versatile fluorescence-based investigation will offer insight as to how the 

effector binding and associated enzyme dynamics contribute to the enzyme’s function, 

informing inhibitor design for novel therapeutics. 
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KatG exhibits a rarely observed dual capability in H2O2 degradation by both catalatic and 

peroxidatic mechanisms. This maximizes KatG’s ability to protect the organisms that carry it 

against oxidative stress. The generation of the novel KatG Met-Tyr-Trp (MYW) covalent 

adduct, its contribution to an entirely unique catalase mechanism, and the synergistic 

cooperation between KatG’s catalase and peroxidase activities all depend on properly directed 

intraprotein radical transfer reactions. Full investigation of radical transfer in MYW cofactor 

generation, MYW use in catalase turnover, and off-catalase oxidation of KatG residues like 

active-site tryptophan W321 requires the ability to express KatG lacking heme followed by 

reconstitution with the cofactor after purification. This has been a long-standing challenge for 

the field. We have expressed and purified wild-type and W321F KatG such that the apo form 

dominates. Reconstitution of both proteins with heme produced enzymes (i.e., rWT KatG and 

rW321F KatG) with heme absorption spectra identical to both enzymes expressed and isolated 

in their holo forms (i.e., hWT and hW321F KatG). Both rWT and rW321F KatG showed 

catalase and peroxidase activities consistent with hWT and hW321F KatG, respectively. 

Stopped-flow investigation of the reactions of these KatG variants with H2O2 revealed an early 

(and rarely observed) FeIV=O state and a FeIV=O[porphyrin]•+-like state with rWT and rW321, 

respectively. Neither was observed with hWT and hW321F KatG, but only the FeIII-O2
•–-like 

intermediate which dominates in the steady-state during catalatic turnover. Interestingly, pre-

reaction of rW321F KatG with five equivalents peracetic acid produced a spectral progression 

similar to the hW321F enzyme upon reaction with H2O2. The same was not observed with rWT 

KatG. These data suggest our reconstituted KatG proteins may permit investigation of radical 

transfer reactions leading to formation of KatG’s novel MYW cofactor as well as the influence 

of other protein radical transfer reactions on that process. 

 
This work was supported by through National Science Foundation Grant MCB 1616059 to DCG. TA and CMB 

contributed equally as first authors to the research presented here. 
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Members of the human pancreatic ribonuclease (RNase) family have diverse biological 

functions including angiogenesis and host defense (cytotoxic and anti-pathogen activities) but 

share common structural scaffold and catalyze the hydrolysis of ribonucleic acid (RNA). 

However, the catalytic efficiency and rate of dynamics among these enzymes differ by more 

than a million (106) folds. Emerging evidence from other enzyme systems propose that internal 

motions drive the sampling of short-lived minor population of conformations (called as sub-

states) that can contain features to promote various steps during the function of an enzyme. 

Therefore, quantitatively characterizing the conformational sub-states in the catalytic cycle of 

enzymes, including substrate binding, structural rearrangements leading to the transition state, 

product formation and product release will enable us to obtain detailed insights in the role of 

enzyme dynamics in catalysis by RNases. We have used a combination of theoretical modeling, 

computer simulations, steady state kinetics and NMR experiments. Our studies indicate that 

RNases superfamily can be classified into sub-families with designated biological functions 

and conserved dynamical behavior. Further, computer simulations show diverse binding 

preferences across the human RNase family and the conformational sub-states in the product 

release step differ among the members belonging to each of the sub-family. Moreover, we 

observe a ~106 fold difference in the catalytic rates of the human RNases. Additionally, we are 

using hybrid QM/MM and nudged elastic band method to model the catalysis of RNA to 

identify the distinct conformational sub-states sampled by the members of human RNase 

family in their respective minimum energy reaction pathway.  
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Human UDP-glucose dehydrogenase (hUGDH) oxidizes UDP-glucose to UDP-

glucuronic acid, an essential substrate in the phase II metabolism of drugs. The activity of 

hUGDH is regulated by the conformation of a buried allosteric switch (T131 loop/α6 helix). 

Substrate binding induces the allosteric switch to slowly isomerize from an inactive E* 

conformation to the active E state, which can be observed as enzyme hysteresis. When the 

feedback inhibitor UDP-xylose binds, the allosteric switch and surrounding residues in the 

protein core repack, converting the hexamer into an inactive, horseshoe-shaped complex (EΩ). 

This allosteric transition is facilitated by large cavities and declivities in the protein core that 

provide the space required to accommodate the alternate packing arrangements. Here, we have 

used the A104L substitution to fill a cavity in the E state and sterically prevent repacking of 

the core into the EΩ state. Steady state analysis shows that hUGDHA104L binds UDP-xylose 

with lower affinity and that the inhibition is no longer cooperative. This means that the 

allosteric transition to the high-UDP-xylose affinity EΩ state is blocked by the substitution. The 

crystal structures of hUGDHA104L show that the allosteric switch still adopts the E and E* states, 

albeit with a more rigid protein core. However, the progress curves of hUGDHA104L do not 

show hysteresis, which suggests that the E* and E states are now in rapid equilibrium. Our data 

suggest that hysteresis in native hUGDH originates from the conformational entropy of the E* 

state protein core. 
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 Acyltransferases are a class of enzymes seen throughout metabolism. These enzymes 

are involved in fatty acid biosynthesis, polyketide synthesis, energy production, and metabolite 

storage. Understanding how these enzymes choose their substrates and how they function 

mechanistically is vital for effective treatment of diseases such as cancer, and in engineering 

of pathways to create antibiotics or antimicrobials. Many of these enzymes utilize metabolites 

tethered to Coenzyme A (CoAs) which can transfer metabolites due to the reactive thioester 

bond. Studying these enzymes in a crystallographic manner is often difficult due to this 

reactivity. As such, we have synthesized a variety of minimally- and non-hydrolysable 

substrate analogs for acetyl, malonyl, and longer chain acyl CoAs that are being used to study 

acyltransferases involved in antibiotic resistance, fatty acid biosynthesis, and polyketide 

synthase pathways. We synthesized these analogs by replacing the thioester sulfur with either 

an ester, and amide, or making the thioester into a ketone. Our lab is using these analogs to 

study acyltransferases through a combination of biophysical methodologies and X-ray 

crystallographically. 

 

  



32 
 

Understanding the Transcarboxylation Reaction performed by Acetyl CoA Carboxylase 

Trevor Boram, Lee M. Stunkard, Jeremy Lohman 

 
Department of Biochemistry, Purdue University, West Lafayette, IN 47907, USA. 

 

Acetyl CoA carboxylase (ACC) is an enzyme that catalyzes the first committed step in 

fatty acid synthesis; the formation of malonyl-CoA. ACC performs two half reactions; the ATP 

dependent carboxylation of biotin, and the transfer of a carboxyl group from carboxy-biotin to 

acetyl-CoA to form malonyl-CoA. Many have proposed ACC to be a drug target for the 

treatment of diabetes and obesity, but little is known about the mechanism of the carboxyl 

transferase reaction, as well as the conformational changes involved. Our lab has developed 

novel stable malonyl-CoA thioester and carboxylate analogs to probe this enzyme and gain 

insight into its reaction. These analogs are less susceptible to hydrolysis and decarboxylation, 

and have been able to reveal catalytic details of various other enzymes through x-ray 

crystallography. My goal is to use these malonyl-CoA analogs to probe the carboxyl transferase 

domain of ACC to gain insight into the mechanistic details of its catalysis. 
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Mitochondrial dysfunction as a result of increased oxidative insult from reactive oxygen 

species (mROS) is characteristic of the aging organism, and has been attributed to various age-

related disease, including Alzheimer’s disease, cardiovascular disease, cancer, and a 

mechanistic feature of age-associated decline. mROS are generated within the inner 

mitochondrial membrane at complexes I and III of the electron transport chain, as well as in 

the matrix via the citric acid cycle, and serve important physiological roles as signaling 

molecules. In elevated concentrations, however, they are capable of inflicting serious damage 

to important macromolecules such as DNA, lipids, and proteins. A class of enzymes critical to 

maintaining mitochondrial protein health and proteostatic balance include those belonging the 

ATPase Associated with various cellular Activities (AAA+) superfamily. YME1L is one such 

AAA+ protease, anchored to the inner mitochondrial membrane by an N-terminal domain, with 

an ATPase domain and M41 zinc-dependent proteolytic domains extending into the inner 

membrane space. YME1L monomers assemble as a hexameric complex, utilizing the energy 

of ATP hydrolysis to unfold damaged, misfolded, and aggregated protein substrates, preparing 

them for degradation by the proteolytic domain. The reciprocal degradation of YME1L by the 

OMA1 zinc metallopeptidase via a nucleotide and oxidative stress-dependent mechanism is 

poorly understood. Previously published data from limited proteolysis studies present evidence 

of a change in YME1L conformation induced by the reversible interaction of the protease with 

hydrogen peroxide (H2O2) 
1. The induced conformational change results in a structure more 

favorable to degradation by Proteinase K, suggesting a possible regulatory mechanism for 

YME1L. New data generated through molecular dynamics simulations of YME1L hexamers 

suggest a stabilizing effect as a result of hydrogen bonding between H2O2 and various amino 

acid residues. The bridging of interactions between residues reduces overall structural 

fluctuation, leading to the stabilization of a conformation favorable to degradation. Taken 

together, these data support a model of YME1L regulation upon which increased oxidative 

conditions induce a reversible conformational state that is subject to degradation by OMA1. 

 

1. Brambley CA, Marsee JD, Halper N, Miller JM. Characterization of Mitochondrial 

YME1L Protease Oxidative Stress-Induced Conformational State. Journal of Molecular 

Biology. 2019;431(6):1250–1266. doi:10.1016/j.jmb.2019.01.039 
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 Vibrio cholerae and Escherchia coli O157:H7 are hemolytic enteric pathogens that 

infect the lower intestine of humans and, like all cellular organisms, require iron for growth [1, 

2]. Heme represents the largest reservoir of iron in mammalian systems [3]. Pathogenic 

organisms have therefore evolved enzymes that facilitate access to that iron reservoir. The 

heme uptake operon is upregulated during iron starvation and genes specific for uptake, 

transport, and degradation of external heme. Most of the machinery was characterized, until 

recently, when our group discovered that ChuW (HutW in V. cholera) was a radical S-

adenosylmethionine-dependent (radical SAM) methyltransferase (RSMT) involved in opening 

the porphyrin ring. However, the mechanistic details of ChuW/HutW and the structure(s) of 

the heme breakdown products have yet to be explicitly elucidated. We hypothesize that 

ChuW/HutW catalyzes a methyl transfer reaction followed by radical-catalyzed β-scission of 

one of the bonds to the α-meso carbon atom. This facilitates opening of the porphyrin ring and 

access to the iron atom. To assess the mechanism of ChuW/HutW, and obtain structural 

information on the catabolites, we have obtained a cytochrome b5 overexpression strain that 

can be utilized, in combination with 13C labeled δ-aminolevulinic acid, to produce and isolate 
13C-labeled heme. The isotopically-labeled heme will be used as a substrate in the ChuW/HutW 

reaction and 13C NMR will be utilized to monitor the reaction. In this work, we investigate 

CHuW turnover in phosphate buffer in the presence of chelators, a requirement of the NMR 

experiment.  In addition to the utilization of site-specifically labeled heme, we can also employ 

HPLC-MS further probe the reaction mechanism and products. Previous work has already 

provided evidence that the tetrapyrrole product of the ChuW/HutW reaction is cytotoxic. 

Therefore, knowledge of the catabolite structures will help us design inhibitors of the 

subsequent reductase.  

 

1. Garmendia, J., G. Frankel, and V.F. Crepin, Enteropathogenic and 
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2. Jan Holmgren, A.-M.S., Mechanisms of Disease and Immunity in Cholera: A Review. 

The Journal of Infectious Diseases, 1977. 136. 

3. Hooda, J., A. Shah, and L. Zhang, Heme, an essential nutrient from dietary proteins, 

critically impacts diverse physiological and pathological processes. Nutrients, 2014. 

6(3): p. 1080-102. 
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SufS is a type II cysteine desulfurase and acts as the initial step in the Suf Fe-S cluster 

assembly pathway. In Escherichia coli this pathway is utilized under conditions of oxidative 

stress and is resistant to reactive oxygen species. Mechanistically this means SufS must shift 

between protecting a covalent persulfide intermediate and making it available for transfer to 

the next protein partner in the pathway, SufE. We report five x-ray crystal structures of SufS 

including a new structure of SufS containing an inward facing persulfide intermediate on C364. 

Additional structures of SufS variants with substitutions at the dimer interface show changes 

in dimer geometry and suggest a conserved -hairpin structure plays a role in mediating 

interactions with SufE. The structures, along with previous HDX-MS and biochemical data 

identify an interaction network capable of communication between active-sites of the SufS 

dimer coordinating the shift between desulfurase and transpersulfurase activities. 
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National Institutes of Health. Use of the Advanced Photon Source was supported by the U. S. Department of 

Energy, Office of Science, Office of Basic Energy Sciences, under Contract No. W-31-109-Eng-38. 
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The iron-dependent 2,4’-dihydroxyacetophenone dioxygenase (DAD) performs a 

unique oxidative cleavage of the α-hydroxyketo group of its substrate. In our initial expression 

and purification of DAD from Burkholderia sp. AZ11 (bDAD), the wild-type enzyme 

undergoes significant but discrete proteolysis during the purification process, losing 1–4 kDa, 

even in the presence of an inhibitor cocktail. Interestingly, the specific loses due to proteolysis 

coincide with N- and C-terminal residues either missing or putatively inessential for activity in 

the X-ray crystal structure of a close homolog {PDB 5BPX}). In an attempt to circumvent 

proteolysis without affecting activity, the dad gene from B. sp. AZ11 has been mutated to delete 

either the 23 or 30 Nterminal residues and/or the nine C-terminal residues of bDAD to give six 

variant truncates of similar size to those seen in our proteolyzed wild-type samples. These 

mutated genes were prepared by PCR amplification of the wild-type dad gene using custom 

primers including either wild-type or truncated start or stop codons in tandem with specific 

restriction sites. The amplified genes were cloned into the pET20b(+) expression vector and 

the new vectors transformed into E. coli BL21(DE3) cells for overexpression. The expressed 

and purified truncated proteins will be evaluated for proteolytic stability and homogeneity with 

isolated, pure proteins evaluated for activity by UV-Vis absorption assays. 

 This project was supported by grants from the NIH National Center for Research 

Resources (5 P20 RR016461), the NIH National Institute of General Medical Sciences (8 P20 

GM103499), the Office of the VPR at the University of South Carolina (ASPIRE and RISE), 

the University of South Carolina Magellan Scholar Program, and through the USC Aiken 

Summer Scholars Institute. 
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Methyl-coenzyme M reductase (Mcr) enzyme catalyzes the final step in the 

methanogenesis pathway (CO2-> CH4). This pathway is responsible for almost all microbial 

sources of methane making it an important target of study to reduce methane emissions. 

Methanogenesis is a reversible pathway allowing for the conversion of methane to acetyl-CoA. 

Converting methane acetyl-CoA can be used to produce long hydrocarbon fuel which could 

save the world billions of dollars in energy each year. In remote locations where natural gas is 

collected it is estimated that $50 billion of methane is flared each year because excess methane 

gas is not easily transportable. By engineering an organism to use methanogenesis and couple 

it to biofuel production methane emissions from these sites can be converted to liquid fuel. 

In order to use Mcr in another organism Mcr must remain active for catalysis. Mcr must 

be kept in strictly anaerobic environments to keep it active. Mcr contains a cofactor F430 which 

is a corphin coordinated to a Ni atom. The nickel atom has a low reduction potential of -650mV 

from Ni(II/I) couple. This low reduction potential makes it easily oxidized by its environment 

even the product for the reaction. To keep the enzyme active the native host uses an activating 

protein complex named A3a. It uses ATP, and an electron from a hydrogenase to reduce the Ni 

to the 1+ active state.1 To keep Mcr active in a genetically modified host the genes responsible 

to keep Mcr will be necessary to maintain high Mcr activity. Currently the complex has not 

been fully purified, and the function of its components are not known. 

In 2014 Prakash et al published a paper showing the most purified sample of A3a to 

date. When this was published methanogenesis marker, proteins conserved across all 

methanogens, had not been described. Using the proteins described by this paper were over 

expressed in E.coli it was found when mixed together was not able to activate more than 1%. 

To further investigate the components of A3a the A3a complex was purified from 

methanothermobacter margburgensis and sequenced using Mass spectrometry revealing 

multiple methanogenesis markers 3,5,6,7,15, and 17 with methanogenesis markers 3,5,6,15, 

and 17 not previously being identified in the 2014 publication. The next step will be to confirm 

these results and over express these genes to see if recombinant activation will exceed 1%. 

 

This study was supported by Alabama NSF EPSCoR, amd IGERT. 

 

1. Rouviere, P. et (1985) Component A2 of the methylcoenzyme M methylreductase 

system from Methanobacterium thermoautotrophicum, J. Bacteriol., 162, 61-66. 
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Enzymes Inside a Protein Nanoparticle 
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Enzymes are important components in many disease therapies, chemical 

transformation, biosensing, bioremediation, and food products and thus, their processing, 

stabilization and reusability has been extensively studied (1-2). Many of the manufacturing or 

operational condition expose enzymes to potentially damaging conditions, such as elevated 

temperatures, aqueous-organic interfaces, high salt concentration, extreme pHs, chaotropic 

agents and detergents (3). Furthermore, upon administration to in vivo, enzymes are exposed to 

physiological temperature and proteolytic enzymes for long periods of time. Therefore, 

overcoming these limitations of enzymes to increase its effectiveness becomes an interesting 

topic of current research (4-5).  

We have developed an enzyme immobilization technique capable of encapsulating 

enzymes inside the Q nanoparticles via RNA mediate noncovalent association (6). The 

enzymes tested here do not appear to be significantly affected by packaging within the Q 

nanoparticles and have shown its capability of preserving the native enzymes property 

(catalytic activity and substrate affinity) in harsh condition too. We observed that, the Q-

packaged enzymes are ~100 fold more thermostable than free enzymes, which maximizing the 

enzyme catalytic activity by raising the temperature of the reaction while Q coat protein shield 

the enzyme from high temperature. Whereas, free enzyme quickly loses its structural integrity 

in water-organic solvent (EtOH, tri-fluoroethanol, t-butanol, DMSO) medium, the Q-

packaged enzymes are quite stable and retain their catalytic activity after week also. 

Furthermore, packaged enzyme retains its active conformation for long period of time in the 

presence of high concentration of chaotropic reagent guanidinium hydrochloride. These 

findings demonstrate the first instance of ability of Qβ coat proteins to protect packaged 

enzymes from several chemical as well as physical denaturant. Surprisingly, in one case we 

have found that the thermally denature Qβ packaged enzymes comes back to its original 

activity by addition of small amount of ethanol and ethanol also act as a stabilizer for long term 

storage.  

From our accumulated observations we have proposed that, the major source of this 

stabilization is might be the rigidity of protein cage that does not allow the entrapped protein 

to undergo denaturing unfolding-refolding motions and once the enzyme is held at the inside 

wall of particle, its conformational stability is preserved. This unusually high level of protection 

of enzymes against denaturants just by simple packaging within Q  nanoparticles created a 

versatile system for fragile enzymes, would be able to operate under unorthodox environments. 

 
1. Leader, B.; Baca, Q. J.; Golan, D. E., Protein therapeutics: A summary and pharmacological 

classification. Nat Rev Drug Discov 2008, 7 (1), 21-39. 

2. Wang, H. X.; Nakata, E.; Hamachi, I., Recent Progress in Strategies for the Creation of Protein-

Based Fluorescent Biosensors. Chembiochem 2009, 10 (16), 2560-2577. 

3. Bornscheuer, U. T.; Huisman, G. W.; Kazlauskas, R. J.; Lutz, S.; Moore, J. C.; Robins, K., 

Engineering the third wave of biocatalysis. Nature 2012, 485 (7397), 185-194. 

4. Stepankova, V.; Bidmanova, S.; Koudelakova, T.; Prokop, Z.; Chaloupkova, R.; Damborsky, 

J., Strategies for Stabilization of Enzymes in Organic Solvents. Acs Catal 2013, 3 (12), 2823-

2836. 

5. Silva, C.; Martins, M.; Jing, S.; Fu, J. J.; Cavaco-Paulo, A., Practical insights on enzyme 

stabilization. Crit Rev Biotechnol 2018, 38 (3), 335-350. 

6. Fiedler, J. D.; Brown, S. D.; Lau, J. L.; Finn, M. G., RNA-Directed Packaging of Enzymes 

within Virus-like Particles. Angew Chem Int Edit 2010, 49 (50), 9648-9651. 
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The radical S-adenosyl-L-methionine (SAM) enzyme superfamily catalyzes a wide 

variety of chemical reactions across all kingdoms of life. Identifying similarities between the 

catalytic mechanisms present in the superfamily is of fundamental importance for 

understanding the radical chemistry accomplished by these enzymes. Recent experimental 

results by Byer et al.(1) have used electron paramagnetic resonance (EPR) and electron-nuclear 

double resonance (ENDOR) spectroscopy to identify and characterize a novel organometallic 

intermediate common to the catalytic mechanisms of several representative enzymes in the 

superfamily. The proposed organometallic intermediate has resulted in a significant revision of 

the understanding of catalysis in radical SAM enzymes. In the present work, broken symmetry 

density functional theory (BS-DFT) methodology was employed to computationally verify if 

the proposed organometallic intermediate or another species is able to account for the observed 

EPR and ENDOR spectra. Characteristic g-values and hyperfine couplings were calculated and 

compared to values obtained experimentally. 

 

This study was supported in part by the Alabama EPSCoR Graduate Research Scholars 

Program (P. H. D.) and by a grant of high-performance computing resources and technical 

support from the Alabama Supercomputer Authority. 

 

1. Byer, A. S., et al. (2018) Paradigm Shift for Radical S-Adenosyl-L-methionine 

Reactions: The Organometallic Intermediate Ω Is Central to Catalysis, J. Am. Chem. 

Soc. 140, 8634-8638. 
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  NAD(P)H:quinone oxidoreductases (NQOs) are flavin-dependent enzymes that 

catalyze the two-electron reduction of quinones and the oxidation of NAD(P)H.1 NQOs play 

a role in cellular detoxification by preventing the formation of radical quinones thus avoiding 

the generation of reactive oxygen species. 1 The NQO from Pseudomonas aeruginosa PAO1 

(PA1024) is proposed to serve a dual function in the cell by detoxifying quinones and balancing 

the [NAD+ ]/[NADH] ratio. 2 Crystal structures of wild-type PA1024 were previously solved 

in free form and in complex with NAD+ (PDB: 2GJN & 6E2A). 3,4 Comparison of the ligand-

free and ligand-bound structures of the enzyme reveals a loop (residues 75-86) in two 

conformations, suggesting the mobile loop may play a role in NADH binding and selectivity.3 

P78 is located on the mobile loop and is hypothesized to provide internal rigidity to the mobile 

loop to help carry out its functions. In the present study, site-directed mutagenesis was utilized 

to replace P78 with a glycine and increase mobile loop flexibility. The P78G mutant enzyme 

was expressed and purified as previously described for wild-type PA1024. 2 Apparent steady-

state kinetics of the P78G enzyme, at varying concentrations of 1,4-benzoquinone and a fixed 

[NADH] of 0.1 mM, showed a 20-fold reduction in the kcat value with respect to the wild-type 

enzyme, i.e., 1.3 s-1 vs. 27 s-1 . When the concentration of NADH was varied with a fixed 

[1,4-benzoquinone] at 21 μM, the P78G enzyme could not be saturated and only a 

kcat/KNADH value of 11,000 ± 700 M-1 s -1 could be determined. The preliminary results 

suggest P78 is an important residue for NQOs. Ongoing studies are aimed at obtaining the 

three-dimensional structure of the mutant enzyme and mechanistic information on the role of 

P78 and the mobile loop in PA1024. This study was supported in part by grant CHE-1506518 

from the NSF. 1. Deller, S., Macheroux, P., and Sollner, S. (2008) Flavin-dependent quinone 

reductases, Cell. Mol. Life Sci. 65, 141-160. . 2. Ball, J., Salvi, F., & Gadda, G. (2016). 

Functional annotation of a presumed nitronate monoxygenase reveals a new class of 

NADH:quinone reductases. J. Biol. Chem., 291, 21160-21170. 3. Ball, J. , Reis, R. A., 

Agniswamy, J. , Weber, I. T. and Gadda, G. (2018), Steric hindrance controls pyridine 

nucleotide specificity of a flavin‐dependent NADH:quinone oxidoreductase. Protein Sci. 

doi:10.1002/pro.3514. 4. Ha, J. Y., Min, J. Y., Lee, S. K., Kim, H. S., Kim do, J., Kim, K. H., 

Lee, H. H., Kim, H. K., Yoon, H. J., and Suh, S. W. (2006) Crystal structure of 2-nitropropane 

dioxygenase complexed with FMN and substrate. Identification of the catalytic base, J. Biol. 

Chem. 281, 18660-18667. 
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 Dihydrofolate reductase (DHFR) reduces dihydrofolate (DHF) to tetrahydrofolate 

using NADPH as a cofactor. Due to its role in one carbon metabolism, chromosomal DHFR is 

the target of the antibacterial drug, trimethoprim. Resistance to trimethoprim has resulted in a 

type II DHFR that is not structurally related to the chromosomal enzyme target. Previous 

studies examined the effects of small molecule osmolytes on the substrate interactions with 

two non-homologous DHFRs, E. coli chromosomal DHFR (EcDHFR) and R67 DHFR, with 

vastly different active site structures.  The results indicated that DHF weakly interacts with the 

osmolytes in solution, shifting the binding equilibrium from DHF bound to DHFR to unbound 

DHF.  It is hypothesized that similar weak, nonspecific interactions may also occur between 

cellular proteins and DHF.  Weak interactions between cellular proteins and DHF would have 

consequences in vivo, where the concentration of the cellular milieu is approximately 300 g/L.  

Under the crowded conditions in the cell, there is a higher propensity for intermolecular 

interaction. 

Because of its metabolic significance, understanding DHFR kinetics and ligand binding 

behavior in more cell-like conditions is important.   

The progress-curve kinetics and ligand binding properties of the drug target 

(chromosomal E. coli DHFR) and the drug resistant (R67 DHFR) enzymes were studied in the 

presence of macromolecular cosolutes.  There were varied effects on NADPH oxidation and 

binding to the two DHFRs, with some cosolutes increasing affinity and others weakening 

binding. However, DHF binding and reduction in both DHFRs decreased in the presence of all 

cosolutes.  The decreased binding of ligands is mostly attributed to weak associations with the 

macromolecules, as opposed to crowder effects on the DHFRs.  Computer simulations found 

weak, transient interactions for both ligands with several proteins.  The net charge of protein 

cosolutes correlated with effects on NADP+ binding, with near neutral and positively charged 

proteins having more detrimental effects on binding.  For DHF binding, effects correlated more 

with the size of binding pockets on the protein crowders.  These non-specific interactions 

between DHFR ligands and proteins predict that the in vivo efficiency of DHFRs may be much 

lower than expected from their in vitro rates.   
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Siderophores are high iron affinity secondary metabolites produced by bacteria utilized 

to access the low concentrations of iron present in an infection site.1 The specific mechanistic 

detail behind siderophore-iron transport across the microbial cell envelope remains largely 

unknown. Two transport paradigms are thought to play a significant role in iron trafficking 

through the siderophore-binding protein (SBP) portion of the membrane-anchored ABC 

transporter system.2 In the “displacement” mechanism, an apo-siderophore previously bound 

to the SBP is displaced by an incoming holo-siderophore, which then enters the cell. In the 

“shuttle” mechanism, an incoming holo-siderophore non-reductively shuttles its iron to the 

previously bound apo-siderophore, after which the latter enters the cell. We have designed an 

in vitro platform to study siderophore shuttle and displacement, using resin-immobilized SBPs 

to examine displacement and a fluorescent siderophore probe to explore siderophore shuttling. 

We have illustrated that both siderophore displacement and shuttling play relevant roles in iron 

acquisition and have shown that through iron shuttling SBPs can function as enzymes to 

remove iron from biological sources such as human holo-transferrin. 

 

“Enzyme Catalyzed Iron Exchange from holo-Transferrin to apo-Siderophores During Metal 

Transport in S. aureus.” Manuscript in preparation. 

 

References: 

 

(1) D’Onofrio, A., Crawford, J. M., Stewart, E. J., Witt, K., Gavrish, E., Epstein, S., Clardy, 

J., and Lewis, K. (2010) Siderophores from neighboring organisms promote the growth of 

uncultured bacteria. Chem. Biol. 17, 254. 

 

(2) Fukushima, T., Allred, B. E., and Raymond, K. N. (2014) Direct evidence of iron 

uptake by the Gram-positive siderophore shuttle mechanism without iron reduction. ACS 

Chem. Biol. 9, 2092− 2100. 
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 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 an OAS domain as well as two tandem 

C-terminal Ubl domains. Utilizing X-ray crystallography, a structure of the tandem Ubls motif 

within an OASL was obtained. This structure allows for the first time a comparison of this 

tandem OASL Ubls motif with other Ubls, such as ISG15. This comparison suggests that the 

tandem Ubls within OASL form a unique Ubl motif divergent from other Ubls. 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 illustrate that these proteases vary in their abilities to productively process the 

tandem Ubl domains of OASLs in a manner similar to their divergent preferences for Ub and 

ISG15 from different species. With some DUBs demonstrating turnover of OASL tandem Ubl 

domains as fast as other Ub and Ubl entities, OASLs appear to be viable biochemical targets 

for some viral DUBs. This illuminates a potential new role for these viral DUBs as well as a 

first glimpse into how viruses and the host might manage OASL activity within the immune 

response. 
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Antibiotic resistance is a worldwide problem. The excessive use and misuse of 

antibiotics have resulted in the development of drug resistance. One example involves the 

antibiotic trimethoprim (TMP). TMP selectively inhibits the bacterial enzyme dihydrofolate 

reductase (DHFR) over its human counterpart. Inhibition of DHFR results in inhibition of DNA 

synthesis and ultimately in cell death. Unfortunately, extensive use and dissemination of TMP 

over the last forty years has resulted in the development of drug resistance in the form of highly 

transmissible plasmids. R67 dihydrofolate reductase is a plasmid-encoded enzyme that confer 

resistance to TMP. Our lab has studied how R67 DHFR works in vitro using diluted conditions. 

However, most proteins function inside cells under crowded and heterogeneous environment. 

As 19F labeled proteins in complex mixtures can be characterized by NMR, we report our initial 

expression and characterization of R67 DHFR. To obtain such information, we have labeled 

R67 DHFR with fluorine at different positions in the indole ring and showed that fluorine 

incorporation into R67 DHFR does not affect the structure and function of the protein. We have 

characterized the 19F NMR spectra of apo R67 DHFR and optimized fluorine incorporation. 

Furthermore, fluorinated R67 DHFR shows different signals for binding of cofactor, NADP+, 

and substrate, dihydrofolate (DHF). We have obtained similar dissociation constants for the 

cofactor and substrate of R67 DHFR by both NMR and ITC. In our next step, we will measure 

dissociation constants in more complex solutions. We envision using fluorinated protein to 

quantify the effect of osmolytes and crowders on the binding affinity of substrate and cofactor 

towards R67 DHFR.  
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Conservative estimations of L-Trp metabolism in mammals indicate that up to 90% of 

tryptophan is consumed by the kynurenine pathway for the de novo biosynthesis of 

nicotinamide adenine dinucleotide. The first step of this pathway is catalyzed by tryptophan 

2,3-dioxygenase (TDO) and its isozyme indoleamine 2,3-dioxygenase (IDO). This is also a 

committed and regulatory step of the kynurenine pathway. Utilizing a heme cofactor, TDO and 

IDO employ dioxygen to catalyze the ring opening of the indole moiety in L-Trp. Over the past 

decade, TDO and IDO have garnered a tremendous amount of attention for their roles in the 

immunoregulation and proliferation of various types of tumor cells. While IDO’s catalytically 

active form is a monomer, TDO exists as a tetramer. Within TDO’s active site there is an 

intruding tyrosine residue from the adjacent subunit. Using site-directed mutagenesis, kinetics, 

and spectroscopic analyses, the role of this residue was investigated. It was found that this 

intruding tyrosine residue plays multiple roles in fine-tuning substrate and heme orientation, 

thereby allowing for competent formation of the Michaelis–Menten complex. When removed, 

the formation of a stable oxy-ferrous complex essentially changes the enzyme to an oxygen-

binding protein. 
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This project stems from the desire to explore and eventually harness the enzymatic mechanism 

of 4-(hydroxymethyl)-2-furan-carboxaldehyde-phosphate synthase (MfnB). The enzyme of 

interest, MfnB, is found most prominently in methanogens and can catalyze five or more 

separate chemical transformations in a single active site. This singular enzyme takes two 

molecules of glyceraldehyde-3-phosphate and creates a furan-containing compound 4-

(hydroxymethyl)-2-furan-carboxaldehyde-phosphate (4-HMF-P). The US. Department of 

Energy (DOE) has published a list of the “Top 10 + 4” bio-based chemicals, with furan-

containing compounds highlighted for their high potential in the production of biofuels and 

biomaterial compounds. As one can imagine, industrial applications of MfnB might usher in a 

new era for the synthesis of furan compounds to be used in the generation of liquid fuel or other 

biomaterial via enzyme-catalyzed reactions. Despite the initial characterization of MfnB and 

the identification of Schiff base-forming lysine, the detailed mechanism of MfnB remains 

speculative. Our team seeks to understand the details of catalytic mechanism through site-

directed mutagenesis, comprehensive kinetic evaluation, and structural study. Uncovering the 

molecular basis of this catalytic mystery will help us in applying the knowledge to enzyme 

engineering. The engineered catalytic machinery can then be used for generating building block 

compounds to meet the needs of industrial biofuel and other biomaterial products. 

 
This work was supported by the University of North Georgia Department of Chemistry and 

Biochemistry and the Center for Undergraduate Research and Creative Activities at University of 

North Georgia 
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The flavodoxin-like superfamily consists of four distinct families that includes the 

NAD(P)H:FMN reductase family.1 A subgroup within this family are the two-component 

FMN reductases involved in sulfur acquisition. A distinct structural difference in the two-

component flavin reductases is a π-helix located at the tetramer interface.1 The π-helix in two-

component FMN reductases may enable these enzymes to effectively transfer reduced flavin 

to their monooxygenase partner. The π-helix of the SsuE flavin reductase in the two-component 

alkanesulfonate monooxygenase system has been proposed to be generated by the insertion of 

a Tyr residue (Tyr118) in a conserved α-helix. Recently, an FMN reductase (MsuE) involved 

in methanesulfonate desulfonation was shown to possess a His insertional residue (His126) at 

a comparable region as the Tyr residue in SsuE. Therefore, the π-helix of FMN reductases 

involved in effective sulfur acquisition may have evolved with alternative insertional residues. 

Variants were generated (Y118A SsuE and ∆118 SsuE) to evaluate the single amino 

acid insertion of the π-helix. 2 Both ∆118 and wild-type SsuE were purified flavin free while 

Y118A SsuE was purified with flavin bound. Flavin reduction and subsequent transfer to the 

monooxygenase (SsuD) partner were no longer supported in coupled assays with the Y118A 

SsuE variant. The Y118A SsuE π-helix was converted to an α-helix, while the π-helix of ∆118 

SsuE was altered to a random coil in three-dimensional structures. Results from studies with 

the Tyr118 SsuE variants suggest the π-helix is involved in promoting flavin transfer to the 

monooxygenase enzyme. Additional studies were performed to determine if the π-helix of 

MsuE had a comparable function as SsuE. 3 A H126Y MsuE variant was generated to mimic 

the insertional residue that generates the π-helix in SsuE, while Y118H SsuE was generated to 

mimic the insertional residue of MsuE. The H126Y MsuE variant had a similar affinity for 

FMN and a comparable kcat/Km value in NAD(P)H oxidase assays as wild-type MsuE. 

Comparable desulfonation activity was observed with the H126Y MsuE variant with either 

MsuD or SsuD in coupled assays. Interestingly, the Y118H SsuE variant was purified with 

flavin bound and was unable to support desulfonation activity, but was still able to form 

protein-protein interactions with SsuD. If formation of the πhelix is solely dependent on an 

insertional residue, the Y118H SsuE variant should have displayed similar kinetic parameters 

as wild-type. These studies suggest that additional structural features contribute to π-helix 

formation in the two-component FMN reductases. A conserved Pro residue that defines the C-

terminal end of the π-helix in both SsuE and MsuE is currently being investigated to determine 

how this residue may contribute to π-helix formation. 

 1.Driggers, C.; Dayal, P.; Ellis, H.; Karplus, A., Crystal Structure of Escherichia coli SsuE; Defining a General Catalytic 

Cycle for FMN Reductases of Flavodoxin-like Superfamily. Biochemistry 2014, 53 (21), 3509-3519. 

 2.Musila, J. M.; L. Forbes, D.; Ellis, H. R., Functional Evaluation of the π-Helix in the NAD(P)H:FMN Reductase of the 

Alkanesulfonate Monooxygenase System. Biochemistry 2018, 57 (30), 4469-4477. 

 3.McFarlane, J. S.; Hagen, R.; Chilton, A. S.; Forbes, D.; Lamb, A.; Ellis, H. R., Not as Easy as π: an Insertional Residue 

Does Not Explain the π -Helix Gain-of-Function in Two-Component FMN Reductases. Protein Science 2018 
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Assembly of ASK1-MKK4-JNK3 Complex 

Md Sariful Islam Howlader, John M. Pleinis, Cameron W. Davis, Derek J Cashman, 

Xuanzhi Zhan 

Department of Chemistry, Tennessee Technological University, Cookeville, 38505, 

Tennessee. 

Apoptosis signal-regulating kinase I (ASK1, also called MAP3K5) is a mitogen-

activated kinase kinase kinase (MAP3K) that plays pivotal roles in cellular stress and immune 

response. Active ASK1 can directly phosphorylate downstream mitogen-activated kinase 

kinases (MKKs) from both stress-activated protein kinase (SAPK) pathways: c-jun N-terminal 

kinase (JNK). The structural of these three kinase complexes (JNK, MKK4, and ASK1) 

remains still unknown. For this reason, the present study has been designed to find out the 

assembly of ASK1-MKK4-JNK3 firstly using computational docking based on the Protein 

Frustratometer combined with the sequence identity calculations of Evolutionary Trace forms 

along with rigid docking (Cluspro) followed by experimental design. To verify the proposed 

computational model of ASK1-MKK4-JNK3 complex, we designed a series of maltose binding 

protein (MBP) fusion peptides, which contains different peptide fragments derived from 

MKK4: MBP-P1, MBP-P2, MBP-P3, MBP-P4 and MBP-P5. We then transformed into E-coli-

BL21- DE3 to express those proteins via Isopropyl β-D-1-thiogalactopyranoside (IPTG) and 

then subsequently purified those proteins using Amylose-sepharose chromatography. We 

intend to develop direct pull-down assays to evaluate the interactions between these fusion 

peptides with ASK1 and JNK3, respectively to find out the binding interaction among these 

purified proteins.  
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Structure-activity relationship kynurenine monooxygenase ligands 

 

Emma Carine Iradukunda, Thomas Kizzar, Robert Phillips 

 

Departments of Chemistry and University of Georgia, Athens, GA 30601 

 

Kynurenine monooxygenase (KMO) is an essential enzyme for tryptophan degradation 

through the kynurenine pathway (KP). KMO catalyzes the conversion of l-kynurenine (l-kyn) 

to a neurotoxic metabolite, 3-hydroxykynurenine (3-HK) which is eventually converted to 

quinolinic acid (QUIN), a known N-Methyl-D-Aspartate (NMDA) receptor agonist. On the 

other hand, l-kyn is converted by kynurenine aminotransferase (KAT) to kynurenic acid 

(KYNA), a known NMDA receptor antagonist. Therefore, inhibiting KMO is thought to not 

only eradicate the above detrimental metabolites, but also to shift the pathway to a more 

neuroprotective metabolite KYNA. Here, we propose to determine a potent KMO modulators 

lead compound from a series of kynurenine analogues as well as a series of sulfonylureas. Our 

lab has already published data showing different effects of kynurenines as substrates, inhibitors 

or non-substrate effectors of Cytophaga hutchinsonii (ch) KMO; we used this model to screen 

compounds and assess if our proposed compounds act the same way in Pseudomonas 

fluorescens (pf) KMO by determining the kinetic parameters as well as binding modes using 

KMO crystal structures bound to our compounds. Preliminary spectroscopic data show that 

indeed the proposed kynurenine analogs as well as sulfonylureas have inhibitory potency 

against KMO. To further understand how the inhibition occur we are currently solving the first 

chKMO crystal structure in both free form and in complex with our proposed ligands. 
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Studies on the two-enzyme D-arginine conversion system from 

Pseudomonas aeruginosa 

Archana Iyer1, Madeline Weaver5, Giovanni Gadda1,2,3,4 
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30302-3965, and 5Berry College, Mt Berry, Georgia 30149  

L-arginine dehydrogenase from Pseudomonas aeruginosa (PaLADH) is an enzyme 

that converts 2-ketoarginine and ammonia to L-arginine, oxidizing NAD(P)H in the process. 

PaLADH is part of a two-enzyme system along with D-arginine dehydrogenase (PaDADH) 

that catalyzes the conversion of D-arginine to L-arginine in Pseudomonas aeruginosa. 

PaDADH catalyzes the oxidation of D-arginine into iminoarginine1. This two-enzyme D-

arginine system has enabled P. aeruginosa to gain an edge over other bacteria, enabling it to 

survive solely on D-arginine as a nitrogen and carbon source2.  

We hypothesize that the two enzymes PaLADH and PaDADH form a protein complex 

to catalyze the conversion of D-arginine to L-arginine. Here, we report the steady-state kinetic 

parameters for PaLADH with L-arginine, NAD(P)+ and NAD(P)H, sedimentation velocity 

analytical ultracentrifugation data along with preliminary coupled-enzyme assays to analyze 

the PaDADH- PaDADH complex formation. 

 

Scheme 1. Scheme for two-enzyme racemic system for D-arginine catabolism in P. 

aeruginosa. PaDADH is D-arginine dehydrogenase from P. aeruginosa and PaLADH is 

L-arginine dehydrogenase from P. aeruginosa.  

This work was supported in part by grant CHE1506518 from the NSF 

References  
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 Flavin is one of the most ubiquitous cofactors in enzymatic functions. It is usually 

found in proteins as either flavin mononucleotide (FMN) or flavin adenine dinucleotide (FAD). 

At physiological conditions, flavin can be present in five different redox/protonation states. 

Because of flavin’s chemical versatility, flavoproteins are involved in wide array of biological 

activities including photosynthesis, apoptosis, redox reactions, DNA repair, and blue-light 

photoreception. A first step towards computationally investigating the function and mechanism 

of flavin in different flavoproteins is the construction of suitable hybrid quantum 

mechanical/molecular mechanical (QM/MM) models for flavoproteins and testing their ability 

to reproduce experimentally observable quantities. To that end, we construct QM/MM models 

of several flavoproteins and their mutants and compare the resulting simulated UV/vis spectra 

with existing experimental data. We also want to derive general relationships between protein 

structure and the flavin’s absorption spectrum. Therefore, we not only model the spectra in 

different proteins, we will also present the computed spectral properties of each of the five 

redox/protonation states of flavin in different environments and discuss “electrostatic spectral 

tuning maps” (ESTMs) for prominent peaks in each of the five states. These ESTMs 

qualitatively describe how the flavin electronic spectra will be shifted by an anisotropic 

electrostatic environment such as a protein. 

 

 

1. Yoelvis Orozco-Gonzalez, Mohammad Pabel Kabir, and Samer Gozem. "Electrostatic 

Spectral Tuning Maps for Biological Chromophores." JPC. B (2019). 

2. Dan Su, Mohammad Pabel Kabir, Yoelvis Orozco-Gonzalez, Samer Gozem and Giovanni 

Gadda. "Fluorescence Properties of Flavin Semiquinone Radicals in Nitronate 

Monooxygenase." ChemBioChem (2019). 
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hydrophila 
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Bacterial collagenases are proteases able to degrade collagen, which is a major 

structural component in the extracellular matrix of all connective tissues. Collagen is the 

predominant constituent of skin, tendons, and cartilage. Any process that results in degradation 

or loss of collagen is likely to have significant implications for health. Collagenases produced 

by bacterial pathogens are important factors in the pathogenesis of the human diseases, ranging 

from periodontal disease to gas gangrene, with which the pathogen is associated. Aeromonas 

hydrophila is a ubiquitous, aquatic bacterium able to cause severe diseases in humans, fish and 

other vertebrates (1). Because this bacterium is capable of causing severe skin and muscle 

destruction, this study investigated collagenase activity associated with twenty-two isolates of 

Aeromonas hydrophila using purified collagen type I (ColI) and collagen extracted from 

porcine skin (ColP).  

Using PCR and collagenase assays, positive amplification of a gene encoding a 

collagenolytic protease occurred for all twenty-two isolates of A. hydrophila tested. 

Additionally, all isolates degraded both ColI and ColP. The results of collagenase zymography 

showed collagenase activity around multiple protein bands ranging in size from ~100 kDa to 

30 kDa. Two protein bands of approximately 100 kDa (ColAh1) and 50 kDa (ColAh2) showed 

much greater substrate degradation than other bands. Further investigation revealed the 

sequence of ColAh1 contained the zinc-binding motif HEYVH, characteristic of the M9A 

family(2). The A. hydrophila gene colAh1 was cloned and functionally expressed in E. coli. The 

recombinant enzyme was evaluated for collagen degradation with comparison to native 

enzymes recovered from the culture supernatant of A. hydrophila. The enzymes were active at 

a pH range from 4.5 to 8.0. Enzyme activity was inhibited in the presence of EDTA and Cu2+, 

but enhanced in the presence of Zn2+ and Mg2+ confirming the characteristic of a 

metalloproteinase and identifying potential cation cofactors. Degradation of the ColP implies 

A. hydrophila is able to compromise physical barriers, such as skin, allowing invasion into 

other spaces and the potential for secondary infection in infected animals. Therefore, 

identifying and understanding the factors that influence collagenase activity could help develop 

strategies to the control of A. hydrophila soft-tissue infections, especially in antibiotic-resistant 

strains. Because of this, cloning and characterization of the second collagenase, ColAh2, is in 

progress. 
 
This study was supported by the Office of Research and the College of Science and Mathematics, Kennesaw 

State University. 
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Kynurenine Monooxygenase & its Potential Drug Inhibitors in Cytophaga hutchinsonii 

& Pseudomonas fluorescens 

Thomas Kizzar § , Emma Carine Iradukunda ‡ , Dr. Robert Phillips ζ  

Department of Biochemistry & Molecular Biology §ζ , Department of Chemistry ‡ζ , 

University of Georgia, Athens Georgia, 30605 

Kynurenine Monooxygenase (KMO) is an enzyme on the Kynurenine Pathway (KP). 

It is of importance because it is responsible for the production of detrimental metabolites: 3-

hydroxykynurenine (3-HK) and quinolinic acid (QUIN). The above metabolites have been 

found to take part in the progression of several neurodegenerative diseases like Alzheimer’s 

disease and Huntington diseases. Inhibiting this enzyme is, therefore, an exceptional strategy 

in the treatment of the above diseases. Our ultimate goal is finding lead drug compounds among 

several proposed KMO substrate analogs and sulfonylureas as potential inhibitors of KMO. In 

addition to human, KMO is expressed in other species of bacteria, and our study had chosen to 

perform inhibition assays using C. hutchinsonii and P. fluorescens. Spectroscopic studies shed 

light on how different substituents on the substrate analogs or sulfonylureas can affect the 

enzyme activity by inhibiting it. Our preliminary data show that some of these ligands can act 

as competitive inhibitors, substrate or non-substrate effectors of KMO. The ongoing study will 

focus on enzyme inhibition assays with these compounds and how these ligands bind using x-

ray crystallographic experiments. Our main goal is to further narrow down from the substrate 

analogs and sulfonylureas to lead compounds that will act as relevant inhibitors of KMO and 

provide promising therapeutic potential for treating neurodegenerative diseases. 
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The aminoglycoside nucleotidyltransferase 4' (ANT) is a homodimeric enzyme that 

detoxifies many aminoglycoside antibiotics by nucleotidylating them at the C4'-OH site. Two 

single site variants with increased thermostability (T130K, D80Y) showed contrasting 

thermodynamic properties. While T130K shows identical properties to the mesophilic WT, 

D80Y has stark differences. Data, acquired in H2O and D2O by ITC, demonstrated that solvent 

reorganization upon ligand binding and changes in low frequency (soft) vibrational modes of 

the protein are the major contributors for the formation of enzyme-aminoglycoside complexes 

for WT and T130K. Temperature dependence of ΔCp with D80Y was another difference 

separating this variant from T130K and WT both of which have a constant ΔCp in the 

temperature range studied.  X-ray structures of these enzymes provide a simple explanation for 

the thermostability of T130K where the side chain of K130 makes a H-bond with the backbone 

Oxygen of S90 and brings the unstructured segment around S90 closer to the helical part of 

K130 acts like a lynchpin to provide increased thermostability without altering dynamic and 

thermodynamics of the protein. The same distance between these two residues are too long for 

the formation of a H-bond in WT and D80Y. Overall, the data shown in this work suggest that 

global thermodynamics of ligand-protein interactions and solvent effects may be among the 

molecular parameters that define thermophilic properties for ANT. The applicability of these 

findings to other systems remains to be seen. 
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Mycobacterium tuberculosis ClpC1 N-terminal Domain is Dispensable for Adaptor 

Protein-Dependent Allosteric Regulation 

Justin D. Marsee1, Amy J. Ridings2, Tao Yu2, *, Justin M. Miller1, * 
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2Department of Chemistry, Tennessee Tech University, 1 William L Jones Drive, Cookeville, 
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ClpC1 hexamers couple the energy of ATP hydrolysis to unfold and, subsequently, 

translocate specific protein substrates into the associated ClpP protease. Substrate recognition 

by ATPases associated with various cellular activities (AAA+) proteases is driven by the 

ATPase component, which selectively determines protein substrates to be degraded. The 

specificity of these unfoldases for protein substrates is often controlled by an adaptor protein 

with examples that include MecA regulation of Bacillus subtilis ClpC or ClpS-mediated 

control of Escherichia coli ClpA. No adaptor protein-mediated control has been reported for 

mycobacterial ClpC1. Using pulldown and stopped-flow fluorescence methods, we report data 

demonstrating that Mycobacterium tuberculosis ClpC1 catalyzed unfolding of an SsrA-tagged 

protein is negatively impacted by association with the ClpS adaptor protein. Our data indicate 

that ClpS-dependent inhibition of ClpC1 catalyzed SsrA-dependent protein unfolding does 

not require the ClpC1 N-terminal domain but instead requires the presence of an interaction 

surface located in the ClpC1 Middle Domain. Taken together, our results demonstrate for the 

first time that mycobacterial ClpC1 is subject to adaptor protein-mediated regulation in vitro.  

 

 

This work was supported in part by funding from MTSU Faculty Research and Creative 

Activity Grant 17-17-215, a generous startup package from Middle Tennessee State University, 

the MTSU Molecular Biosciences Doctoral program to JMM, and the Department of Chemistry 

Graduate Teaching Assistantship to JDM.  
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Subsequent Reactivation by HI-6 
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3 New York Structural Biology Center, New York, New York 10027, United States. 

The recent use of organophosphate nerve agents in Syria1 , Malaysia2, and the United 

Kingdom3 has reinforced the potential threat of intentional release of these agents. These agents 

act through their ability to inhibit human acetylcholinesterase (hAChE; E.C. 3.1.1.7), an 

enzyme vital for survival. Therapeutic compounds that reverse hAChE inhibition, known as 

reactivators, vary in efficacy depending on multiple factors including the particular nerve agent 

present. The oxime reactivator, HI-6, shows particularly low activity on tabun-inhibited 

hAChE4 , but can reactivate hAChE inhibited by other G-series agents, including sarin and 

soman. To gain insight into this issue, the structures of hAChE inhibited by tabun, sarin, and 

soman were obtained though X-ray crystal diffraction. In addition, the inhibition kinetics for 

these agents were obtained through the use of a modified Ellman’s assay. Through this 

information, the role of hAChE active site plasticity in agent selectivity is revealed. With 

reports indicating that the efficacy of reactivators can vary based on which nerve agent inhibits 

hAChE5 , the use of modified Ellman’s assays highlighted these efficacy variations among 

tabun, sarin, and soman. To identify the structural underpinnings of this phenomenon, the 

structures of tabun, sarin, and soman-inhibited hAChE in complex with HI-6 were determined. 

This revealed the impact of the nerve agent adduct on reactivator access and placement within 

the active site to include unproductive poses of HI-6. These insights will contribute towards a 

path of next generation reactivators and an improved understanding of the innate issues with 

the current reactivators. 

 This study was supported by in part by Defense Threat Reduction Agency’s 

CB#3889 “Elucidation of the mechanisms and physical properties of the molecular targets of 

chemical nerve agents”.  
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Identification of Mitochondrial YME1L Protease Oxidative Stress-Induced 

Conformational States 
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Oxidative stress is a common challenge to mitochondrial function where Reactive 

Oxygen Species are capable of significant organelle damage. The generation of mitochondrial 

Reactive Oxygen Species occurs in the inner membrane and matrix compartments as a 

consequence of subunit function in the electron transport chain and citric acid cycle, 

respectively. Maintenance of mitochondrial proteostasis and stress response is facilitated by 

compartmentalized proteases that couple the energy of ATP hydrolysis to unfolding and the 

regulated removal of damaged, misfolded, or aggregated proteins. The mitochondrial protease 

YME1L functions in the maintenance of proteostasis in the intermembrane space. YME1L is 

an inner membrane-anchored hexameric protease with distinct N-terminal, transmembrane, 

AAA+ (ATPases Associated with various cellular Activities), and C-terminal M41 zinc-

dependent protease domains. The effect of oxidative stress on enzymes such as YME1L tasked 

with maintaining proteostasis is currently unclear. We report here that recombinant YME1L 

undergoes a reversible conformational change in response to oxidative stress that involves the 

interaction of one hydrogen peroxide molecule per YME1L monomer with affinities equal to 

31 ± 2 mM and 26 ± 1 mM for conditions lacking or including nucleotide, respectively. Our 

data also reveal that oxidative stress does not significantly impact nucleotide binding equilibria, 

but does stimulate a two-fold increase in the rate constant for high-affinity ATP binding from 

(8.9 ± 0.2) x 105 M-1s-1 to (1.5 ± 0.1) x 106 M-1s-1. Taken together, these data may suggest a 

mechanism for the regulated processing of YME1L by other inner membrane proteases such 

as OMA1. 
 

 

This work was supported in part by funding to JMM from a generous startup package from Middle Tennessee 

State University (MTSU) and from the MTSU Molecular Biosciences (MOBI) Doctoral program. CB received 

financial support from the MTSU Molecular Biosciences Doctoral program. JDM received financial support 

from the MTSU Department of Chemistry M.S. Degree program. 
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It is intriguing to think about how an enzyme functions inside a crowded, complex cell 

and what parameters influence its activity. In our quest to understand complicated solutions, 

we found that small molecule osmolytes and crowders affect the enzyme activity in vitro as 

well as in vivo. Our previous in vitro studies have shown that osmolytes can weakly interact 

with the ligand, dihydrofolate, shifting the equilibrium towards the free enzyme, dihydrofolate 

reductase. We have also seen that when E. coli were challenged by osmotic stress leading to 

production of osmolytes and increased crowding in vivo, there is a reduction in the enzyme 

activity.  

The interaction of several of these osmolytes with small molecules containing different 

functional groups has been studied and atomistic preferential interaction coefficients have been 

derived. A closer look into these coefficients has shown that certain functional groups have 

contrasting effects with different osmolytes. For example, trehalose prefers to interact with 

phosphate groups whereas betaine prefers to exclude them. Why is it important to study these 

weak differential interactions? The osmolyte composition changes in the cell depending on its 

extracellular environment.  The resulting weak interactions between osmolyte and folate 

derived molecules are predicted to influence the behavior of enzymes in the folate pathway in 

the cell.  

To understand the effect an osmolyte might have on a folate pathway ligand with 

phosphate groups, we have calculated the preferential interaction coefficients for the ligands 

of dihydropteroate synthase (DHPS). DHPS catalyzes the condensation of 6-hydroxymethyl-

7,8-dihydropterin pyrophosphate (H2PtPP) and p-aminobenzoic acid (pABA) to form 

dihydropteroate. The prediction is that trehalose prefers to interact with pteridine 

pyrophosphate (PtPP) whereas betaine prefers to exclude it. We used ITC to study binding of 

PtPP and pABA to DHPS. We find weaker binding (0.5 fold) of PtPP to DHPS in the presence 

of trehalose whereas tighter PtPP binding (6 fold) occurs in the presence of betaine. 

Conversely, for the case of pABA, a 0.3 fold decrease in Kd occurred upon addition of trehalose 

whereas a 1.3 fold increase in Kd occurred in upon addition of betaine.  

Addition of osmolytes or crowders will also influence the viscosity & dielectric 

properties of the buffer. The change in binding of the ligands to DHPS in presence of co-solutes 

was found not to be dependent on the viscosity or dielectric property. This study was further 

extended to understand if osmolytes affected the binding of a sulfa drug to the enzyme. It was 

seen that trehalose tightened the association of sulfathiazole to DHPS whereas betaine 

weakened it. This is evidence where weak interactions can disrupt or enhance drug binding to 

macromolecules. Our studies thus shed light on how weak, “quinary” interactions between 

molecules can affect ligand binding and affect enzyme function. It is of great significance to 

understand how macromolecules work within a crowded cellular environment.  This 

furthermore may help us gain insights into how effectively drugs will work inside a cell.  
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CRISPR-Cas systems are a class of adaptive immune systems in prokaryotes that use 

small CRISPR RNAs (crRNAs) in conjunction with CRISPR-associated (Cas) nucleases to 

recognize and degrade foreign nucleic acids. Recent studies have revealed that Type III 

CRISPR-Cas systems synthesize second messenger molecules previously unknown to exist in 

prokaryotes, cyclic oligoadenylates (cOA). These molecules activate the Csm6 nuclease to 

promote RNA degradation and may also coordinate additional cellular responses to foreign 

nucleic acids. Although cOA production has been reconstituted and characterized for a few 

bacterial and archaeal Type III systems, cOA generation and its regulation have not been 

explored for the Staphylococcus epidermidis Type III-A CRISPR-Cas system, a longstanding 

model for CRISPR-Cas function. 

Here, we demonstrate that this system performs Mg2+ dependent synthesis of 3-6 nt 

cOAs. We show that activation of cOA synthesis is perturbed by single nucleotide mismatches 

between the crRNA and target RNA at discrete positions, and that synthesis is antagonized by 

Csm3-mediated target RNA cleavage. Altogether, our results establish the requirements for 

cOA production in a model Type III CRISPR-Cas system and suggest a natural mechanism to 

dampen immunity once the foreign RNA is destroyed. 
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CHEMICAL TOOLS FOR DETECTING PROTEIN LYSINE MONO-

METHYLATION 
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Post-translational modifications (PTMs) of proteins like lysine methylation are covalent 

chemical markers responsible for mediating a variety of biological functions1. Protein lysine 

methylation being a reversible process is controlled by a variety of lysine methyltransferases 

(KMTs) and lysine demethylases (KDMs). Dysregulation of lysine methylation has been linked 

to human immunodeficiency virus (HIV), cardiovascular diseases, multiple sclerosis, and 

cancers2. There has been an increased research effort towards understanding in depth the 

significance of lysine methylation by mapping out its epigenetic role in development and 

diseases. However, the mainstay of these effort has employed the specificity of antibodies, 

mass spectrometric proteomics and most recently the use of small molecule sensors with each 

of them suffering from serious setbacks3,4. More interestingly, there is no single method 

reported in literature for detecting lysine mono-methylation. Here, we propose a site-selective 

covalent labelling of protein mono-methylation as a means of understanding how lysine mono-

methylation is involved in diseases and their regulation. Our lab has developed a bio-

conjugative approach that selectively labels lysine mono-methylation. Our method is chemo-

selective, fast and works under physiological conditions. 

 

1. Peace, B. C., Ramsay, C. M., and Waters, M. L. (2017). Fluorogenic sensor platform 

for the histone code using receptors from dynamic combinatorial libraries. Chem. Sci. 

8. 1422-1428 

 

2. Wang, H., An, W., Cao, R., Xia, L., Erdjument-bromage, H., Chatton, B., Tempst, P., 

Roeder, R. G., and Zhang, Y. (2013) Crosstalk among epigenetic modifications: lessons 

from histone arginine methylation. Biochem. Soc. Trans. 41, 751−759. 

 

3. Blow, N. (2007). Antibodies: The generation game. Nature. 447, 741−744. 

 

4. Witze, E. S.; Old, W. M.; Resing, K. A. and Ahn, N. G. (2007). Mapping protein 

post-translational modifications with mass spectrometry. Nat. Methods. 4, 798−806. 
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Reductase 

 

Chidinma L. Odili, Shuxin Li, Kaiyuan Zheng, Steven O. Mansoorabadi 

 

Department of Chemistry and Biochemistry, Auburn University, AL, 36849-5312 

 

Methanogens are microorganisms widely found in wetlands and the digestive tracts of 

animals, which produce methane as a metabolic byproduct. The key methane-forming enzyme 

in methanogens is methyl-coenzyme M reductase (MCR), which has several unprecedented 

post-translational modifications (PTMs) and uses a unique nickel-containing coenzyme F430 

for activity. MCR consists of a dimer of heterotrimers comprised of McrA (α), McrB (β), and 

McrG (γ) subunits. The five PTMs located in α subunit of MCR are 2-(S)-methylglutamine, 5-

(S)-methylarginine, 3-methylhistidine, S-methylcysteine, and thioglycine residues. A better 

understanding of the assembly and activation of MCR may enable its application in natural gas 

conversion strategies and the development of inhibitors to reduce natural greenhouse gas 

emissions. Current progress in the PTM and assembly of MCR in a heterologous, non-

methanogenic host is described.  
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 D-Arginine dehydrogenase from Pseudomonas aeruginosa (PaDADH; EC 1.4.99.6) 

is a flavin-dependent enzyme that catalyzes the oxidative deamination of D-arginine to α-

ketoarginine and ammonia.1 PaDADH has broad substrate specificity and is active with all D-

amino acids except D-aspartate and D-glutamate.1 The three-dimensional structure of 

PaDADH shows four loops (L1, L2, L3 and L4) that are part of the active site.1 Previous studies 

on loop L1 showed two flexible portions including residues 45-47 at the FAD-binding domain 

and residues 50-56 at the substrate-binding domain. Molecular dynamics were consistent with 

residue Y53 acting as a gate to allow 

substrate access to and product egress 

from the active site.2 Loop L2 

comprised of residues 244-248 is 

positioned at the entrance of the active 

site pocket. In loop L2, E246 points 

toward the active site and interacts with 

the guanidinium moieties of the 

iminoarginine product and R222. E246 

also forms an hydrogen bond with Y53. 

In this study, E246 in loop L2 was 

replaced with leucine, glutamine or 

glycine to study its role in PaDADH.  

Site-directed mutagenesis was used to 

generate the E246L, E246G and E246Q 

variant enzymes to investigate the role of E246 in substrate capture, flavin reactivity, and 

product release. The steady- state kinetics with D-arginine as substrate for the E246G/Q/L 

enzymes showed that the kcat values increased 2 to 4-fold with respect to the wild-type enzyme; 

with D-leucine, instead, the kcat values were 2-fold lower. The kcat/Km values with both 

substrates were 2 to 4-fold lower compared to the wild-type enzyme. The kinetic implications 

of the variant enzymes with D-arginine and D-leucine as substrates will be discussed.   

 

Support: NSF CHE-1506518 (G.G.) 
 

   (1) 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. 

   (2) Ouedraogo, D., Souffrant, M., Vasquez, S., Hamelberg, D., and Gadda, G. (2017) 

Importance of Loop L1 Dynamics for Substrate Capture and Catalysis in Pseudomonas 

aeruginosa D-Arginine Dehydrogenase. Biochemistry 56, 2477-2487. 
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 Tyrosine phenol-lyase (TPL) catalyzes the pyridoxal-5'-phosphate (PLP)-dependent β-

elimination of L-tyrosine to give phenol and ammonium pyruvate. The key intermediate in the 

mechanism is the 2-aminoacrylate complex of PLP formed by cleavage of the Cβ-Cγ bond of 

L-tyrosine. Aminoacrylates of TPL can be stabilized by binding 4-hydroxypyridine, an 

isoelectronic analogue of phenol. We have obtained X-ray crystal structures of aminoacrylate 

intermediates of TPL formed from L-tyrosine, 3-fluoro-L-tyrosine, S-ethyl-L-cysteine and L-

serine, and measured the effect of hydrostatic pressure on the kinetics of formation of 

aminoacrylate intermediates for “light” (unlabeled) and “heavy” (2H isotopically labeled) TPL 

using stopped-flow spectroscopy. The kinetics of aminoacrylate formation are pressure-

dependent (Figure 1). The rate of formation of the aminoacrylate intermediate from S-ethyl-L-

cysteine decreases with increasing pressure, and the reaction rate for “heavy” TPL is slower 

than for “light” TPL, with Hk/Dk = 1.30 ± 0.05 at 1 bar. In contrast, for the reaction of L-tyrosine, 

a significant positive curvature can be observed for the pressure dependence of the reaction 

rate, indicating high compressibility, and the reaction of “heavy” TPL is faster than for “light” 

TPL, with Hk/Dk = 0.85 ± 0.04. These results suggest that the rate-limiting step in aminoacrylate 

formation is different for the two substrates, and that the reaction of L-tyrosine may be coupled 

with enzyme motions. 

 

Figure 1. Effect of hydrostatic pressure on the formation of aminoacrylate intermediates of TPL. Blue 

circles, “light” TPL with L-tyrosine; red circles, “Heavy” TPL with L-tyrosine; blue triangles, “light” 

TPL with S-ethyl-L-cysteine; red triangles, “heavy” TPL with S-ethyl-L-cysteine. 
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Glucuronidation is an important drug metabolism pathway that can produce drug 

resistance in some cancers. This drug resistance can be inhibited by limiting the availability of 

the essential glucuronidation substrate, UDP-glucuronic acid. Human UDP-Glucose 

dehydrogenase (hUGDH) oxidizes UDP-glucose to produce UDP-glucuronic acid. 

Understanding how hUGDH is regulated could lead to new therapies for combatting drug 

resistance. hUGDH activity is regulated by an allosteric switch that controls the structure and 

activity of the enzyme. The binding of UDPglucose induces the enzyme to slowly isomerize 

(hysteresis) into an active conformation (E state). In contrast, the binding of the inhibitor UDP-

xylose induces the allosteric switch to change conformation and produce an inactive, horseshoe 

shaped enzyme complex (E). The movement of the allosteric switch appears to require 

cavities in the protein core which, when filled, restricts movement of the allosteric switch and 

prevents isomerization between the two different states (E to E). To lock hUGDH in the E 

, a cavity specific to this state was filled by two different substitutions 

(hUGDHI109V+A136M) to lock the protein in the E state. For I109V, the structure formed 

when I109V was crystallized with UDX was in the E conformation. Another solved crystal 

structure shows formation of the E* conformation as well. Kinetics indicate a lack of hysteresis 

in this enzyme. This shows that this substitution stabilizes hUGDH and lock the allosteric 

switch in the targeted conformation and prevents the movement of the allosteric switch fully 

into the E conformation. 
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It was previously thought that heme biosynthesis followed the same “classic” pathway 

of intermediates proceeding through protoporphyrin IX, the Protoporphyrin-dependent 

pathway (PPD) for all organisms that synthesize heme. With the discovery of a more 

“primitive” path termed the Alternative heme biosynthesis pathway (Ahb) in archaea and 

sulfate-reducing bacteria, this dogma was questioned. The work of Dailey et al.1,2,3 found that 

another pathway exists in Gram-positive Actinobacteria and Firmicutes which do not produce 

protoporphyrin IX. These bacteria oxidize coproporphyrinogen to coproporphyrin III, add 

ferrous iron to yield iron coproporphyrin III (coproheme), and end with two sequential 

decarboxylations to make iron protoporphyrin IX (heme). The last enzyme in this 

Coproporphyrin-dependent pathway (CPD) was misannotated as a chlorite dismutase family 

member due to sequence and structural similarities but is now known as coproheme 

decarboxylase (ChdC). 

Current work involves mechanistic studies and structural determination of ChdC from 

Actinobacteria. Only a few ChdC structures have been solved by crystallography, and only in 

Firmicutes, providing little insight into the molecular mechanisms of this enzyme. This is 

especially important becuase ChdC appears to use a different oxidative cofactor for 

Actinobacteria and Firmicutes homologues, implying different structural and/or mechanistic 

features between these two phyla. Since many of the bacteria that use this CPD pathway are 

human pathogens with high rates of antimicrobial resistance, ChdC offers a unique 

pharmacological target. 

This research was supported by NIH grants R01 DK032303 to H.A.D. and R01 GM124203 to 

W.N.L. 

 

1 Dailey, H. A., Gerdes, S., Dailey, T. A., Burch, J. S., & Phillips, J. D. (2015). 

Noncanonical coproporphyrin-dependent bacterial heme biosynthesis pathway that 

does not use protoporphyrin. Proceedings of the National Academy of Sciences, 112(7), 

2210-2215. doi:10.1073/pnas.1416285112 

2 Dailey, H. A., Dailey, T. A., Gerdes, S., Jahn, D., Jahn, M., Obrian, M. R., & Warren, 

M. J. (2017). Prokaryotic Heme Biosynthesis: Multiple Pathways to a Common 

Essential Product. Microbiology and Molecular Biology Reviews, 81(1). 

doi:10.1128/mmbr.00048-16 

3 Dailey, H. A., & Gerdes, S. (2015). HemQ: An iron-coproporphyrin oxidative 

decarboxylase for protoheme synthesis in Firmicutes and Actinobacteria. Archives of 

Biochemistry and Biophysics,574, 27-35. doi:10.1016/j.abb.2015.02.017 
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D-2-Hydroxyglutarate (D2HG) is a secondary metabolite produced by mutant isocitrate 

dehydrogenase from -ketoglutarate. D2HG has been implicated in a variety of cancers and in 

the neurometabolic disorder D-2-hydroxyglutarate aciduria (1). The mitochondrial D-2-

hydroxyglutarate dehydrogenase (D2HGDH) oxidizes D2HG (2) and has potential for 

therapeutic applications. Currently, no mechanistic studies on D2HGDH are available (3). 

Plasmid pET20b(+) containing the D2HGDH gene (uniport identifier: Q8N465-1) was 

obtained from Gene script. Initial attempts to express the gene using different expression strains 

of Escherichia coli, in different media, at different temperatures and for different expression 

times, have not been successful. A critical look at the gene encoding D2HGDH revealed a 

leading peptide sequence with a Mitochondrial Processing Peptidase (MPP) cleavage site after 

amino acid 35 (4). An approach to express the protein without the 35 amino acid leading 

sequence is in progress. This work seeks to explore strategies that may be used to express 

D2HGDH for further characterization and a better insight into D2HG-related diseases. 

This study was supported in part by grant CHE-1506518 from the NSF (G.G.) 
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 One of the essential nutrients bacteria need is iron, which they use in various metabolic 

pathways.  During iron-limiting conditions, bacteria produce and secrete small secondary 

metabolites called siderophores1.  These siderophores are able to bind in a multi-dentate fashion 

around the iron metal, resulting in high iron-binding affinities.  Staphylococcus aureus utilizes 

a few siderophore pathway systems, one of which takes advantage of xenosiderophores, 

specifically a trihydroxamate siderophore called ferrioxamine-B.  The siderophore-binding 

protein (SBP) for this system is FhuD2, which has a broad specificity towards trihydroxamate 

siderophores.  The mechanism of entry through FhuD2 is still not fully characterized.  This 

work focuses on one of the uptake mechanisms that FhuD2 can undergo to allow for 

siderophore entry into the cell.  This mechanism is the displacement mechanism in which a 

siderophore is pre-bound to FhuD2 and another siderophore comes into close proximity and 

displaces it in the binding pocket of FhuD2 and enters the cell2.  We have developed a one-step 

technique to isolate sideromycins (siderophore-antibiotic drug conjugates), salmycin and 

ferrimycin from Streptomyces violaceus DSM 8286 and Streptomyces griseoflavus NRRL 

2717 respectively through the use of the displacement mechanism utilized in FhuD2.   The 

technique is performed by first isolating a His6-FhuD2 to a Ni-NTA resin column, and flowing 

crude culture supernatant through the column, which allows for the sideromycin to bind to 

FhuD2.  The sideromycin can then be displaced off FhuD2 by addition of another 

trihydroxamate siderophore.  This work can be applied to a variety of siderophore systems, 

allowing for the isolation and characterization of new siderophores. 
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rRNA is extensively post-transcriptionally modified in all organisms.(1) Ribosome maturation 

and efficient translation depend on rRNA methylation as does resistance to protein-synthesis 

targeting antibiotics in some bacteria.(2) We have investigated the functional role of residues at 

the interface of the Rossmann-fold catalytic domain and the non-catalytic C-terminal domain 

of erythromycin resistance methyltransferases identifying residues critical for specific 

methylation of A2058 of 23S rRNA. We are investigating whether there are idiosyncratic or 

conserved mechanisms for specific methylation across erythromycin resistance 

methyltransferases. Our studies also provide insights broadly into the mechanisms of 

methylation by proteins in the rRNA-Adenine Dimethylase family, which are involved in 

ribosome maturation in all three domains of life. 

 

This study was supported by the National Institutes of Allergy and Infectious Diseases 

(AI131159) to JAD. 
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 A variety of pathogens, most notably Mycobacterium tuberculosis, possess the protein 

catalase-peroxidase (KatG) to dismantle host-dispensed H2O2. The Met-Tyr-Trp (MYW) 

cofactor unique to KatG enables catalase activity in what is structurally a cytochrome c 

peroxidase mimic. Asp141 and Arg108, residues affiliated with stabilization of the active site 

water network, see significant reduction of catalase activity in their respective variants upon 

mutagenesis to neutral side chain amino acids.1 Surprisingly, a double variant of Asp141 and 

Arg108 , R108A/D141A, shows a return of catalase activity up to 80% that of the wild type. 

The catalase mechanism begins with conversion of H2O2 to water and generation of an 

oxoferryl porphyrin radical cation intermediate, denoted Compound I (Cpd I). Electron-hole 

migration from the porphyrin to the MYW adduct, denoted the Cpd I* intermediate, serves as 

the predominant route of subsequent Cpd I reduction.2 To investigate routes of Cpd I* 

reduction, a Molecular Dynamics simulation of Burkholderia pseudomallei KatG was 

employed. Simulation results demonstrate a hydrogen bonding network between H2O2, the 

side chain of Asp141, and the main chains of residues 237-239. This binding has been 

implicated in the controlled movement of substrate for Cpd I* reduction. QM/MM geometry 

optimization of the protein shows movement of H2O2 towards His112, a catalytic site for Cpd 

I* reduction. Wild type BpKatG shows restricted access to the active site, with almost no waters 

present throughout the simulation. Simulations of both single variants D141A and R108A, as 

well as the double variant R108A/D141A see an introduction of several active site waters 

which disrupt the afore mentioned hydrogen bond network. These simulations support the 

proposed role of the conserved residues Asp141 and Arg108 as controlling access and guiding 

substrate to the active site heme. 
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from Burkholderia pseudomallei, Proteins 66 (1), 219-228.  

2. Njuma, O. J.; Davis, I.; Ndontsa, E. N.; Krewall, J. R.; Liu, A.; Goodwin, D. C. (2017) 
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Glucuronidation is a component of phase II drug metabolism, which involves the 

covalent linkage of UDP-glucuronic acid to target compounds. Human UDP-glucose 

dehydrogenase (hUGDH) is critical in glucuronidation because it produces the UDPglucuronic 

substrate. hUGDH is a homohexameric enzyme that is regulated by the feedback inhibitor 

UDP-xylose through an atypical allosteric mechanism. A buried allosteric switch connects the 

active site to the hexamer-building interface between two adjacent monomers of the hexamer. 

Binding of UDP-xylose to the active site induces isomerization of the allosteric switch which 

causes a conformational change in hUGDH. This changes the structure of hUGDH from an 

active 32 symmetry hexamer to an inactive horse-shoe shaped complex. A homologous 

enzyme, Caenorhabditis elegans UGDH (cUGDH), conserves both this allosteric mechanism 

and the active site for UDP-xylose; however, it shows a ~10 fold decrease in UDP-xylose 

binding affinity. Because of the connection to the allosteric switch, we hypothesized that 

sequence differences between hUGDH and cUGDH interfaces are the source of the shift in 

UDP-xylose binding affinity. To test this, interface residues in cUGDH were mutated to mimic 

those observed in hUGDH. Steady-state kinetic analysis of the Chimeric cUGDH, 

cUGDHchimera, showed a decrease in UDP-glucose KM but no significant change in kcat or 

UDP-xylose binding affinity. The crystal structure of cUGDHchimera was solved to identify 

additional mutations for a second cUGDHchimera (cUGDHchimeraV2). Understanding the 

role of the interface in the allosteric mechanism of UGDH can aide in the development of 

biologics that target this area to regulate function. 
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Malonyl-thioesters are reactive centers of malonyl-CoA and malonyl-S-acyl carrier 

protein, essential to fatty acid, polyketide, and various specialized metabolite biosynthesis. 

Enzymes that create or use malonyl-thioesters spontaneously hydrolyze or decarboxylate 

reactants on the crystallographic time frame preventing determination of structure-function 

relationships. To address this problem we have synthesized a panel of methylmalonyl-CoA 

analogs with the carboxylate represented by a sulfonate or nitro and the thioester retained or 

represented by an ester or amide. Two studies with structures of Escherichia coli 

methylmalonyl-CoA decarboxylase, MMCD, and streptomyces atroolivaceus LnmK, 

bifunctional acyltransferase-decarboxylase, in complex with our analogs affords insight into 

substrate binding and the decarboxylase catalytic mechanisms of each enzyme. 

Counterintuitively in MMCD, the negatively charged sulfonate and nitronate functional groups 

of our analogs bind in an active site hydrophobic pocket. Upon decarboxylation the enolate 

intermediate is protonated by a histidine preventing CO2-enolate recombination, yielding 

propionyl-CoA. Activity assays support a histidine catalytic acid and reveal the enzyme 

displays significant hydrolysis activity. Our analogs inhibit decarboxylation/hydrolysis activity 

with low micromolar Kis. As would be expected in LnmK, the negatively charged sulfonate 

and nitronate functional groups of our analogs bind in a hydrophilic binding pocket. After 

decarboxylation, the enolate intermediate is bound in an oxyanion hole formed by one 

backbone amide hydrogen bond. While our structures do not reveal what is responsible for 

protonating the enolate intermediate, we propose a conformational change allowing for a 

tyrosine to protonate the enolate intermediate, creating the nucleophile necessary for the 

acyltransferase activity. Our substrate analogs are bound with Kds in the low micromolar to 

mid nanomolar range. These studies set a precedent for using malonyl-CoA analogs with 

carboxyate isosteres to study the complicated structure-function relationships of acyl-CoA 

carboxylases, trans-carboxytransferases, malonyltransferases, and β-ketoacylsynthases. 

  



73 
 

Fluorescence Properties of Flavin Semiquinone Radicals in Nitronate Monooxygenase 

Dan Su1, Mohammad Pabel Kabir,1 Yoelvis Orozco-Gonzalez,1 Samer Gozem1, 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, GA 30302, 

United States 

 

Fluorescent cofactors like flavins can be exploited to probe their local environment with 

spatial and temporal resolution (1-4). While the fluorescence properties of oxidized flavins 

have been studied extensively (5-8), this is not the case for the one- and two-electron reduced 

states of flavins. Both neutral and anionic semiquinones have proven particularly challenging 

to study, as they are unstable in solution and are transient, short-lived species in many catalytic 

cycles. Here, we report that nitronate monooxygenase from Pseudomonas aeruginosa PAO1 

(PaNMO) is capable of stabilizing both semiquinone forms anaerobically for hours, enabling 

us to study their spectroscopy in a constant protein environment. We find that in the active site 

of PaNMO the anionic semiquinone exhibits no fluorescence and the neutral semiquinone 

shows a relatively strong fluorescence, with a behavior that violates Kasha-Vavilov’s rule. The 

fluorescence properties are discussed in the context of TD-DFT calculations, which reveal low-

lying dark states in both systems. 
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Mammalian cysteine dioxygenase (CDO) is a mononuclear iron enzyme that catalyzes 

the oxidation of L-cysteine to L-cysteine sulfinic acid. It contains an amino acid-derived 

cofactor formed between residues Cys93-Tyr157. Putative CDO enzymes have been identified 

in several bacteria; however, all known bacterial CDO enzyme homologs lack the Cys-Tyr 

amino acid derived cofactor.(1) The bacterial thiol dioxygenase enzymes are divided into two 

subgroups based on the presence of a conserved Arg or Gln residue within the active site. These 

residues have been proposed to confer substrate specificity similar to the Arg residue in 

mammalian CDO.  Based on initial kinetic studies, bacterial CDO homologs containing the 

conserved Gln residue are referred to as 3-mercaptopropionate dioxygenases (MDO).(1) 

Although, the MDO enzyme has been proposed to convert 3-mercaptopropionate (3-MPA) to 

3-sulfinopropionate (3-SPA), the physiological function of either 3-MPA or 3-SPA remains 

uncertain.(2,3) Among several bacteria, the MDO gene resides on the same operon as an 

annotated sulfurtransferase (ST), and the operon is expressed during bacterial sulfur limitation. 

The sulfurtransferase has amino acid sequence similarity to mercaptopyruvate sulfurtransferase 

enzymes. Therefore, it is proposed that MDO and the ST are metabolically linked. 

Different thiol containing substrates were assessed to identify the preferred substrate 

and how the metabolic pathways are linked. MDO revealed comparable catalytic parameters 

for both 3-MPA and mercaptopyruvate, suggesting that both are viable substrates for the 

enzyme. However, the specificity of MDO for mercaptopyruvate correlates with the 

classification of the coexpressed mercaptopyruvate sulfurtransferase. Therefore, MDO and ST 

could potentially be metabolically linked, and optimal catalytic activity could involve protein-

protein interactions between the two enzymes. Potential protein-protein interactions between 

MDO and ST were identified by surface plasmon resonance, and hydrogen-deuterium 

exchange was performed to further identify where the interaction sites of MDO and ST are 

located. Coupling of MDO with ST was also investigated to understand the functional role of 

the enzymes in bacteria. The proposed overall mechanism for both enzymes would result in 

sulfite release that could be utilized in the sulfur assimilation pathway. Based on these findings, 

the MDO/ST system represents an additional pathway for bacteria to adapt to sulfur limiting 

conditions that have not been previously identified.  

 
1. Crowell, J.K, Sardar, S., Hossain, M.S, Foss, F.W., Pierce, B.S. (2016) Non-chemical proton-

dependent steps prior to O2-activation limit Azotobacter vinelandii 3-mercaptopropionic acid 

dioxygenase (MDO) catalysis. Archives of Biochemistry and Biophysics 604: 86-94. 

2. Pierce, B.S., Subedi, B.P., Sardar, S., Crowell, J.K., 54 (2015) 7477-7490. 

3. Kiene, R.P., Taylor, B.F., Nature 332 (1988) 148-150. 
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Skye Travis1, Madeline Shay1, Shino Manabe2, Nathaniel C. Gilbert3, Patrick Frantom1, 
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1Department of Chemistry & Biochemistry, The University of Alabama, 250 Hackberry 

Lane, Tuscaloosa AL 3548. 2Synthetic Cellular Chemistry Laboratory, RIKEN, Hirosawa, 

Wako, Saitama 351-0198, Japan. 

3Center for Advanced Microstructures and Devices, Louisiana State University, 6980 
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Fosfomycin is a small antibiotic that is effective against both Gram-positive and Gram-

negative bacteria via inhibition of cell wall biosynthesis. Primary resistance to fosfomycin 

occurs in the form of fosfomycin modifying enzymes from the Vicinal Oxygen Chelate (VOC) 

superfamily. Genes encoding these enzymes have been found in both Gram-positive and Gram-

negative bacteria: FosB, a M2+- and K+-dependent bacillithiol-S-transferase found in Gram-

positive species, FosA, a M2+-dependent glutathione-S-transferase found in Gram-negative 

species,  and the putative evolutionary precursor FosX, a M2+-dependent hydrase also found in 

Gram-positive species that catalyzes hydration of the antibiotic. In general, the VOC 

fosfomycin resistance enzymes are activated by Mn2+ and inhibited by Zn2+. We have 

identified, expressed, and purified a novel enzyme from Mycobacterium bolletii that shares 

55% sequence identity with FosX, which we call FosM. This represents the first VOC-type 

fosfomycin resistance enzyme found in the Mycobacterium species. Time trace kinetic analyses 

using 31P NMR suggest that this enzyme is also a M2+-dependent hydrase similar to FosX. 

Kinetic data also suggest that FosM is activated by Mn2+, with limited activity in the presence 

of Mg2+ and Zn2+. We used mass spectrometry to confirm the presence of the hydrated 

fosfomycin product. Preliminary crystal screens of FosM yielded diffracting protein crystals 

that have a translational non-crystallographic symmetry axis (tNCS) making them extremely 

difficult to determine. Additional crystallization screens have resulted in new crystals with a 

different morphology that we hope might not have the tNCS. We are currently working to 

collect data sets on the new crystals. 
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 Engineered amine dehydrogenase exhibits altered kinetic mechanism compared to parent 

with implications for industrial application  

 

Robert D. Franklin a, c, Joshua A. Whitley a, c, John M. Robbins a, c, and Andreas S. 

Bommarius a, b, c 
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Biochemistry, Georgia Institute of Technology; c Parker H. Petit Institute for Bioengineering 
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Leucine amine dehydrogenase (L-AmDH) was engineered from the leucine dehydrogenase 

(LeuDH) from Bacillus stearothermophilus through the introduction of two key mutations to the 

substrate binding pocket, thus removing affinity for keto-acids in favor of methyl ketones. This in 

turn enabled the production of chiral amines, which are important intermediates for various 

pharmaceuticals. The present work examines the kinetic differences of the parent and child 

enzymes via product inhibition, initial rate, and kinetic solvent viscosity effect (KSVE) 

experiments. Mechanistically, we conclude that L-AmDH exhibits a random order of association 

of ketone and cofactor in the reductive amination direction, compared to the ordered sequential 

mechanism of LeuDH. In the oxidative deamination direction, an ordered sequential mechanism 

was confirmed for LeuDH, while a more complicated situation was found for L-AmDH. In terms 

of observed rate laws, many differences were found between the two enzymes. Notably, the appkcat 

of LeuDH was found to be 40 times the appkcat of L-AmDH in the reductive amination direction, 

representing a far higher maximum rate of reaction in the case of the parent enzyme. KSVE 

experiments revealed an isomerization of enzyme-substrate complexes for both LeuDH reactions, 

but not for L-AmDH. Additionally, increasing viscosity was found to have a rate suppressing effect, 

raising concerns about the viability of viscogen addition when attempting to improve enzyme 

stability in reactor conditions. Finally, inhibition experiments showed stronger product inhibition 

for L-AmDH than for LeuDH, an important consideration for large-scale synthesis.  

 
This study was supported by NSF I/UCRC grant 0969003 to the Center for Pharmaceutical Development  

(NSF CBET 1512848)  

 

Robert, F., Whitley, J., Robbins, J., and Bommarius, A. (2019) Engineered amine dehydrogenase exhibits 

altered kinetic mechanism compared to parent with implications for industrial application, Chemical 

Engineering Journal 

  



77 
 

Bilin Binding Fluorescent Proteins: A New Class of NIR Fluorophores 
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Small ultra-red fluorescent proteins (smURFP) are a new class of fluorescent proteins 

(FPs) that are derived from α-phycocyanobilin. They bind biliverdin covalently.1 These 

proteins are unique because, unlike green fluorescent proteins (GFPs), they do not require O2 

for maturation of the chromophore nor do they produce H2O2 as a byproduct. More importantly, 

smURFP’s emission maximum is at 670 nm, comparable to mCherry and mPlum; red-shifted 

variants of GFP that were produced after years of protein engineering development starting 

from GFP.  

Due to smURFP’s relatively low quantum yield (18%), however, there is definitely 

room for improvement. We discuss the process for the construction of accurate hybrid quantum 

mechanical / molecular mechanical (QM/MM) models of smURFPs which will be used to 

investigate the fluorescence properties of those systems. The QM/MM models will be 

constructed automatically by a series of scripts, to make it easy to construct future models.2 

These models can potentially be used for high-throughput screening of the effects of mutations 

on the absorption, emission, and relaxation properties of the protein-bound chromophore. 

 

 This work is supported by the Center for Diagnostics and Therapeutics at Georgia State 

University. 

 

[1] Rodriguez, E. A., Tran, G. N., Gross, L. A., Crisp, J. L., Shu, X., Lin, J. Y., and Tsien, R. 

Y. (2016) A far-red fluorescent protein evolved from a cyanobacterial phycobiliprotein, 

Nat Methods 13, 763-769. 

[2] Melaccio, F., Del Carmen Marin, M., Valentini, A., Montisci, F., Rinaldi, S., Cherubini, 

M., Yang, X., Kato, Y., Stenrup, M., Orozco-Gonzalez, Y., Ferre, N., Luk, H. L., 

Kandori, H., and Olivucci, M. (2016) Toward Automatic Rhodopsin Modeling as a 

Tool for High-Throughput Computational Photobiology, J Chem Theory Comput 12, 

6020-6034. 
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Highly Specific and Rapid Glycan Based Amperometric Detection of Influenza Viruses 

 

Amrita Das, Xikai Cui, Jordyn Howard, Vasanta Chivukula, Suri S. Iyer 

Center for Diagnostics & Therapeutics, Georgia State University 

 

Causing billions of infections worldwide and ranking as the 8th leading cause of death 

in the United States, reliable detection of Influenza and Streptococcus pneumoniae plays an 

important role in health care. A point of care diagnostic system was created using a derivative 

of a glucose meter for both infectious agents. With an altered test strip that does not require 

glucose oxidase, this system provides an output upon oxidation of the reporter molecule, 

paracetamol (acetaminophen). While paracetamol can be released in the presence of both 

infectious agents, this diagnostic system was fine tuned to establish which infection is present 

and provide information about a potential co-infection. This point of care diagnostic device 

meets the ASSURED criteria set by the World Health Organization and has moved into the 

production phases.  
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