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Schedule (Time: EDT) 

  

7:30-8:30:    Registration and Coffee Mixer 

8:30-8:40:   Opening Remarks – William Lanzilotta (University of Georgia) 

Session 1 

Discussion Leader: Kylie Allen (Virginia Tech) 

8:40-9:00:   Joanna Quaye, (Georgia State University) 

“Catalytic Mechanism of Metallo Flavoproteins: Insights on the Role of 

Zn2+ in Pseudomonas aeruginosa D-2-Hydroxyglutarate Dehydrogenase” 

9:05-9:25:   Patrick Donnan, (Auburn University) 

“Towards Spectroscopically Consistent Models of Intermediates in 

Radical S-adenosyl-l-Methionine Enzyme Catalysis” 

9:30-9:50:   Aarya Venkat, (University of Georgia) 

“Modularity of the hydrophobic core and evolution of functional diversity in 

fold A glycosyltransferases” 

10:00-11:10:    Poster Session 1 

Session 2 

Discussion Leader: Amy Medlock (University of Georgia) 

11:20-11:40:   Yiwei Liu, (University of Texas, Austin)  

“Observation and Characterization of an Amino Acid Cross-link in the Active 

Site of a Biosynthetic Model of Heme-Copper Oxidases” 

11:45-12:05:   Aleksei Gendron, (Virginia Tech) 

“Heterologous expression of methyl-coenzyme M reductase reveals the 

importance of organism-specific accessory proteins for proper assembly” 

12:10-12:30:   Sharique Khan (University of Kentucky)  
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“19F NMR reveals dynamics not evident in crystal structure of long-chain 

Flavodoxin” 

12:30-1:30:  Lunch Break followed by Group Photo 

Session 3 

Discussion Leader: Mohammad A. Halim (Kennesaw State University) 

1:30-1:50:   Yifan Wang, (University of Georgia)  

“Dissecting C-H and C-F Bond Monooxygenation in Heme-Dependent 

Tyrosine Hydroxylase” 

2:00-2:20:   John Kang, (Georgia Tech)  

“Broadening Substrate Specificity and Cofactor Regeneration for Novel 

Alcohol Dehydrogenase from Glucose Dehydrogenase” 

2:20-4:00: Poster Session 2 

Session 4 

Discussion Leader: Bill Lanzilotta (University of Georgia) 

4:20-5:20:   Peter Guengerich, (Vanderbilt School of Medicine) 

"Cytochrome P450 Enzymes: Multiple Substrates and Multiple Reactions 

Require Multiple Conformations and Protein Dynamics" 

5:20-5:30:  Concluding Remarks William Lanzilotta (University of Georgia) 

5:30-6:30: Social Networking mixer with Refreshments and Finger food  (On-Site) 
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Talk 1 
Catalytic Mechanism of Metallo Flavoproteins: Insights on the Role of Zn2+ in 

Pseudomonas aeruginosa D-2-Hydroxyglutarate Dehydrogenase 

 

Joanna A. Quaye‡ and Giovanni Gadda‡, §,¤,* 
Departments of ‡Chemistry, §Biology, and ¤The Center for Diagnostics and Therapeutics, Georgia State 

University, Atlanta, GA 30302-3965, United States 

 

 

Pseudomonas aeruginosa D-2-

hydroxyglutarate (D2HG) dehydrogenase 

(PaD2HGDH) oxidizes D2HG to 2-

ketoglutarate during the vital L-serine 

biosynthesis pathway (1, 2) and is a 

potential therapeutic target against P. 

aeruginosa (3). PaD2HGDH, which 

oxidizes D-malate as an alternative 

substrate (3), has been demonstrated to be 

a metallo flavoprotein that requires Zn2+ 

for maximum activity during flavin 

reduction (4). However, the role of Zn2+ 

in PaD2HGH catalysis is unknown. In 

this study, recombinant His-tagged 

PaD2HGDH was purified to high levels 

in the presence of Zn2+ or Co2+ to investigate the role of Zn2+ in catalysis and the effect of 

metal properties on PaD2HGDH catalysis. Flavin reduction was reversible with a constant 

rate (kred) for D2HGH and D-malate with Zn2+ or Co2+ at pH 7.4 and 25 oC. kred was almost 

fully rate-limiting for turnover with D-malate but not D2HG. The kred values suggest that 

hydride transfer solely depends on substrate coordination with the metal for ideal orientation 

during catalysis. This metal-substrate coordination has been reported in a recent report on 

human D2HGDH that places Zn2+ in the active site (5). The data with Zn2+ and Co2+ reveals 

that metal properties affect substrate binding and oxidation in PaD2HGDH. From the steady-

state pL profiles with D-malate, we observe that a catalytic base is required for hydride 

transfer, and Zn2+ mediates water activation, which is relevant for PaD2HGDH turnover, not 

hydride transfer or substrate binding. From these data, we propose a catalytic mechanism for 

PaD2HGDH that reflects the role of Zn2+ in enzyme turnover.  
 

1.  Guo, X., Zhang, M., Cao, M., Zhang, W., Kang, Z., Xu, P., Ma, C., and Gao, C. (2018) D -2-Hydroxyglutarate dehydrogenase plays a dual 

role in L -serine biosynthesis and utilization in the bacterium Pseudomonas stutzeri. Journal of Biological Chemistry. 293, 15513–15523 
2.  Zhang, W., Zhang, M., Gao, C., Zhang, Y. Y., Ge, Y., Guo, S., Guo, X., Zhou, Z., Liu, Q., Zhang, Y. Y., Ma, C., Tao, F., and Xu, P. (2017) 

Coupling between D-3-phosphoglycerate dehydrogenase and D-2-hydroxyglutarate dehydrogenase drives bacterial L-serine synthesis. 
Proceedings of the National Academy of Sciences of the United States of America. 114, E7574–E7582 

3.  Quaye, J. A., and Gadda, G. (2020) Kinetic and Bioinformatic Characterization of d -2-Hydroxyglutarate Dehydrogenase from 

Pseudomonas aeruginosa PAO1. Biochemistry. 59, 4833–4844 

4.  Quaye, J. A., and Gadda, G. (2022) Mechanism of metal activation in flavoproteins: A study on Pseudomonas aeruginosa D-2-
Hydroxyglutarate Dehydrogenase. Unpublished manuscript 

5.  Yang, J., Zhu, H., Zhang, T., and Ding, J. (2021) Structure, substrate specificity, and catalytic mechanism of human D-2-HGDH and 

insights into pathogenicity of disease-associated mutations. Cell Discovery. 10.1038/s41421-020-00227-0 
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Talk 2 
Towards Spectroscopically Consistent Models of Intermediates in 

Radical S-adenosyl-L-Methionine Enzyme Catalysis 

 
Patrick H. Donnan and Steven O. Mansoorabadi 

Department of Chemistry and Biochemistry, Auburn University, Auburn, AL 36849 USA 

Radical S-adenosyl-L-methionine (SAM) enzymes are found in all domains of life 

and catalyze a wide range of biochemical reactions. Recently, a catalytically competent 

intermediate, Ω, has been experimentally implicated in the 5'-deoxyadenosyl radical 

generation mechanism of the radical SAM superfamily.(1) Using electron paramagnetic 

(EPR) and electron-nuclear double resonance (ENDOR) spectroscopies, Ω has been 

proposed as an organometallic intermediate with a bond between the unique iron of the 

catalytic [4Fe–4S] cluster and the 5' carbon of the cleaved adenosyl moiety.(2) A similar 

organometallic intermediate, intermediate I, has been proposed in the non-canonical radical 

SAM enzyme Dph2, featuring organometallic bond formation between the unique iron of 

the cluster and the 3-amino-3-carboxypropyl radical resulting from S-Cγ bond cleavage of 

SAM.(3) We have employed broken-symmetry density functional theory (BS-DFT) to 

evaluate several structural models of Ω and intermediate I.(4) The results show that the 

calculated hyperfine coupling constants (HFCCs) for the proposed organometallic structures 

of both Ω and intermediate I are inconsistent with ENDOR experiments. In contrast, near-

attack conformers of SAM bound to the catalytic [4Fe–4S] cluster, in which the distance 

between the unique iron and SAM sulfur is ~3 Å for Ω and ~4.8 Å for intermediate I, yield 

HFCCs within ~1 MHz of the experimental values. Our results clarify the structure of both 

the ubiquitous Ω intermediate and the unique intermediate I, together suggesting a paradigm 

shift reversal regarding the mechanism of SAM cleavage by members of the radical SAM 

superfamily. 

 
This work was supported by a fellowship from the National Science Foundation Established 

Program to Stimulate Competitive Research (PHD) associated with NSF CAREER Award CHE-1555138 

(SOM) and by the U.S. Department of Energy, Office of Science, Basic Energy Sciences under DOE Early 

Career Award DE-SC0018043 (SOM). This work was made possible by a grant of high-performance 

computing resources and technical support from the Alabama Supercomputer Authority. 

 
1. Byer, A. S.; Yang. H.; McDaniel, E. C.; Kathiresan, V.; Impano, S.; Pagnier, A.; Watts, H.; Denler, C.; Vagstad, A. L.; Piel, J.; 

Duschene, K. S.; Shepard, E. M.; Shields, T. P.; Scott, L. G.; Lilla, E. A.; Yokoyama, K.; Broderick, W. E.; Hoffman, B. M.; 

Broderick, J. B. (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. 

2. Horitani, M.; Shisler, K.; Broderick, W. E.; Hutcheson, R. U.; Duschene, K. S.; Marts, A. R.; Hoffman, B. M.; Broderick, J. B. 

(2016) Radical SAM Catalysis via an organometallic intermediate with an Fe-[5′-C]-deoxyadenosyl bond, Science 352, 822–

825. 

3. Dong, M; Kathiresan, V.; Fenwick, M. K.; Torelli, A. T.; Zhang, Y.; Caranto, J. D.; Dzikovski, B.; Sharma, A.; Lancaster, K. 
M.; Freed, J. H.; Ealick, S. E.; Hoffman, B. M.; Lin, H. (2018) Organometallic and radical intermediates reveal mechanism of 

diphthamide biosynthesis, Science 359, 1247–1250. 

4.  Donnan, P. H.; Mansoorabadi, S. O. (2022) Broken-symmetry Density Functional Analysis of the Ω Intermediate in Radical S-

adenosyl-L-methionine Enzymes: Evidence for a Near-Attack Conformer over an Organometallic Species, J. Am. Chem. Soc. 

Article ASAP, DOI: 10.1021/jacs.2c00678. 
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Talk 3 
Modularity of the hydrophobic core and evolution of functional diversity in  

fold A glycosyltransferases 

 
Aarya Venkat1, Daniel Tehrani1,2, Rahil Taujale3, Wayland Yeung3, Nathan Gravel3, Kelley W. 

Moremen1,2, and Natarajan Kannan1,3 

1. Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA, USA 2. Complex 

Carbohydrate Research Center (CCRC), Athens, GA, USA 3. Institute of Bioinformatics, University of 

Georgia, Athens, GA, USA 

 

Hydrophobic cores are fundamental structural properties of proteins that are typically 

associated with protein folding and stability, but their roles in shaping protein evolution and 

function are not well understood. Here, we demonstrate a functional role for the hydrophobic 

core in fold-A glycosyltransferases (GT-As), a large superfamily of enzymes that use a 

conserved structural scaffold to catalyze diverse glycosidic linkages. All GTs can be 

categorized by catalytic mechanism: whether they “invert” or “retain” the stereochemistry 

of the glycosidic bond. We show that the GT-A core evolved from an ancestral phosphate 

binding cassette (PBC) present in diverse nucleotide phosphate binding proteins such as 

pyrophosphorylases. GT-As diverged from these nucleotide binding proteins through the 

unique tethering of the PBC to the F-helix, which harbors the catalytic base aspartate (xED). 

We find that sequence and structural variation in this tether is a major contributing factor in 

the evolution of GT-A catalytic mechanisms and functional specialization. Mutational 

analysis of the tether in b-1,3-N-acetylglucosaminyltransferase (B3GNT2) combined with 

molecular dynamics simulations suggest allosteric control of catalytic base flexibility, 

through variations in the hydrophobic core, provides a structural framework for multiple 

independent evolutions of the inverting and retaining mechanisms. Our studies support a 

model of GT-A modular evolution in which malleable extension of the PBC through 

hydrophobic tethering and subsequent addition of variable loops contributed to the functional 

diversity observed in extant GT-A fold enzymes.  

 
This study was supported by funding from the NIH from grants R35 GM139656 (N.K.) and R01 

GM130915 (K.W.M. and N.K.). 
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Talk 4 
Observation and Characterization of an Amino Acid Cross-link 

in the Active Site of a Biosynthetic Model of Heme-Copper Oxidases 

 

Yiwei Liu‡,§, Avery C. Vilbert§, Eric D. Merkley§,  Joshua Adkins§, Robert R. Young§, John 

Cort§, Ambika Bhagi-Damodaran‡, Yi Lu‡,§,⊥ 

‡ Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL; § Pacific Northwest 

National Laboratory, Richland, WA; ⊥ Department of Chemistry, University of Texas at Austin, Austin, TX 

 

Heme-copper oxidase (HCO) is a family of enzymes catalyzing the four-electron oxygen 

reduction reaction (ORR) in the respiratory chain.1 Beyond the natural function, HCO has also 

become a promising target to develop artificial fuel cell catalysts with low overpotential and reduced 

production of reactive oxygen species. As the name suggests, the active site of HCO consists of a Fe-

heme cofactor and a His-bound Cu, known as the CuB site. An adjacent Tyr serves as the proton and 

electron relaying residue, which is essential in both ORR and the overall electron transfer. Moreover, 

there is a unique post-translational modification that covalently cross-links the Tyr to one of the His 

ligand of CuB. The cross-link tunes the electron and proton donating abilities of the Tyr and is critical 

for the ORR activity. However, the mechanism of the cross-link formation and structural features 

responsible for such cross-link is not understood.2 Since the cross-link is always observed when 

HCOs are isolated and an uncross-linked HCO has never been observed, it is difficult to investigate 

the mechanism in the native enzymes. 

Previously, our group has reported structural and 

functional models of HCOs using sperm whale 

myoglobin (Mb)  and some of the models display ORR 

activity similar to those of native HCOs.3 Here, we report 

the formation of an amino acid cross-link in the active site 

of F33Y CuBMb. By reacting the Fe(III)-heme with H2O2 

through a “peroxide shunt” pathway, a ferryl species was 

observed in the absorption spectra resembling the proposed cross-link formation mechanism of HCO. 

The peptide was characterized by LC-MS/MS and was identified as two segments cross-linked by 

His29 and His43, the two coordinating residues of the CuB site. Knocking out the active site Tyr33 

resulted in no cross-link formation, which was corroborated by its positioning flanked by His29 and 

His43 in the crystal structure. Furthermore, NMR of the purified cross-linked peptide showed that 

the linkage was definite between the CD2 of His43 and NE2 of His29. The same type of C-N linkage 

and the chemoselectivity indicates a well-defined mechanism to form cross-link in F33Y CuBMb, 

which is similar if not identical to the formation of Tyr-His cross-link in HCO. By demonstrating an 

unprecedented His-His cross-link using a simple protein mimic, this study provides insights into the 

formation mechanism of the His-Tyr modification in HCO. With more studies such as the role of Tyr 

and the relationship between the cross-link and the ORR activity, we envision to new approaches to 

improve the performance of the bio-inspired ORR catalysts. 

 
This work is supported by NIH GM062211 and EMSL User Project 50231 at Pacific Northwest National Laboratory 
 

(1)  García-Horsman, J. A.; Barquera, B.; Rumbley, J.; Ma, J.; Gennis, R. B. The Superfamily of Heme-Copper Respiratory Oxidases. 
Journal of Bacteriology 1994, 176 (18), 5587–5600.  

(2)  Adam, S. M.; Wijeratne, G. B.; Rogler, P. J.; Diaz, D. E.; Quist, D. A.; Liu, J. J.; Karlin, K. D. Synthetic Fe/Cu Complexes: Toward 
Understanding Heme-Copper Oxidase Structure and Function. Chem. Rev. 2018, 118 (22), 10840–11022.  

(3)  Miner, K. D.; Mukherjee, A.; Gao, Y.-G.; Null, E. L.; Petrik, I. D.; Zhao, X.; Yeung, N.; Robinson, H.; Lu, Y. A Designed Functional 
Metalloenzyme That Reduces O2 to H2O with Over One Thousand Turnovers. Angew. Chem. Int. Ed. 2012, 51 (23), 5589–5592. 
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Talk 5 
Heterologous expression of methyl-coenzyme M reductase reveals the importance of 

organism-specific accessory proteins for proper assembly 

 

Aleksei Gendron and Kylie D. Allen 
Department of Biochemistry, Virginia Tech, Blacksburg, VA 

 

Methyl-coenzyme M reductase (MCR) is the key rate-determining enzyme of 

methanogenesis as well as the anaerobic oxidation of methane, the essential energy 

metabolisms of methanogenic archaea and anaerobic methanotrophs (ANME), respectively. 

MCR is a dimer of heterotrimers with a 2α, 2β, 2γ configuration, and requires the nickel 

tetrapyrrole prosthetic group, coenzyme F430. The requirement of a unique cofactor, various 

unusual post translational modifications, and many remaining questions surrounding 

assembly and activation of MCR has so far largely limited in vitro experiments to native 

enzymes. To allow further investigation into the catalytic properties and mechanistic aspects 

of different MCRs, as well as facilitate the development of optimized biocatalytic systems 

to convert methane to more usable liquid fuels and other valuable compounds, we are 

developing methods for the heterologous expression of recombinant MCRs in 

Methanococcus maripaludis, a model methanogen with robust genetic tools.  

In methanogens, MCR is encoded in the highly conserved MCR gene cluster 

mcrBDCGA, which encodes two accessory proteins (McrD and McrC) in addition to the 

MCR-encoding genes (McrA, McrB, and McrG). The accessory proteins are proposed to be 

involved in the assembly and activation of MCR. Interestingly, most ANME lack one or 

more accessory proteins in their MCR gene clusters. We have created a series of MCR 

expression constructs containing the MCR operons from several ANME organisms as well 

as several methanogens, with and without accessory protein(s). All constructs contain a his-

tag on the C-terminus of McrA which allows the purification and determination of proper 

assembly. We have successfully purified a recombinant ANME-2d MCR that is assembled 

and binds F430, whereas in the case of the ANME-1 MCR, we can only recover the his-tagged 

McrA. Since the ANME-2d MCR operon contains McrD and the ANME-1 operon does not, 

this result supports the importance of McrD for proper assembly in vivo. Combined with 

other results from the expression of recombinant methanogenic MCRs, our results indicate 

that MCR accessory proteins are organism specific. Current work is focused on 

demonstrating the role of McrD through in vitro binding studies as well as further elucidating 

the importance of mcrD and mcrC for recombinant expression of diverse MCRs.  
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Talk 6 

Applying Crystallography and 19F NMR to investigate dynamics and partner protein 

interactions in a long chain Flavodoxin 

 

Sharique Khan1, Ahmadullah Ansari 2, Anne-Frances Miller 1 
1. Department of Chemistry, University of Kentucky 2. Oak Ridge National Laboratory 

Flavodoxin (Fld) is a small FMN containing protein that is involved in single electron 

transfer. The long-chain flavodoxin in Rhodopseudomonas palustris bacteria replaces 

ferredoxin as a low- potential electron carrier when iron is scarce. Thus it is proposed to 

interact with the bifurcating electron transfer flavoprotein (ETF) that yields low-potential 

electrons. A surface loop on Fld interacts with another of Fld's partner proteins, so we 

hypothesize that it also mediates Fld's interaction with ETF. To monitor interactions with 

ETF directly and investigate dynamics in this loop, we are using 19F NMR in solution. 19F is 

hyperresponsive to changes in its chemical environment with a chemical shift range of >300 

ppm. To provide a static reference point and assess structural heterogeneity, we are also 

exploiting X-ray crystallography. 

In this study we selectively fluorinated the five tyrosine residues in Fld. We obtained 

resonance assignments from 19F spectra of Fld variants in which individual tyrosine residues 

have been replaced. We obtain well resolved signals for each residue, but the resonances' 

linewidths indicate dynamics that affects some resonances more than others. Y90 residue 

displays two resonances demonstrating two different conformations that interconvert slowly 

on an NMR time scale. Meanwhile the crystal structure solved at 2.1Å resolution reveals two 

molecules per asymmetric unit providing two perspectives on the details of the structure. 

The crystal symmetry is monoclinic in contrast to most of the other Flds, which are 

orthorhombic. Interestingly, the long loop bearing Y121 and Y123 is not well resolved in 

chain B of the crystal structure, and the NMR line of Y123 is exceptionally broad, both 

indicating that the loop is dynamic and capable of altering its conformation to accomodate 

binding to a partner protein. 

Future directions include monitoring the changes in the 19F NMR of the Fld when 

titrated with the partner protein, temperature dependence of the NMR spectrum and 

relaxation studies to evaluate time scales of motions. 
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Mohammad A. Halim (Kennesaw State University)
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Talk 7 
Dissecting C-H and C-F Bond Monooxygenation in Heme-Dependent Tyrosine 

Hydroxylase 

 

Yifan (Amber) Wang 
Department of Chemistry, University of Georgia, Athens GA 30602 

 

Heme-dependent aromatic oxygenase (HDAO) is a newly established enzyme 

superfamily that comprises both monooxygenases and dioxygenases employing histidyl-

ligated heme cofactors to transform tyrosine- and tryptophan-based metabolites.1 

Tryptophan 2,3-dioxygenase and indoleamine 2,3-dioxygenase are the only dioxygenase 

members in the superfamily and have been extensively studied, while the monooxygenases 

are only emerged in the recent years. In general, structure-function correlations and the 

catalytic mechanisms of the histidyl-ligated heme-dependent monooxygenases are less 

understood. To fill the knowledge gap, a representative monooxygenase, tyrosine 

hydroxylase (TyrH), was mechanistically and structurally characterized. As revealed by 

mechanistic probes and mutagenesis studies, substrate phenol and an active site base play 

key roles in catalysis.2,3 In the presence of substrate analogs, isotope labeling experiments 

suggest the loss of substrate aromaticity at an intermediary state,2 which is consistent with 

the peroxidase-like activity found prior to the oxygenation. Furthermore, an unexpected dual 

reactivity of C-H and C-F bond cleavage was discovered in TyrH when confronted with a 

fluorinated analog,2 which results from two substrate-binding orientations in the active site.3 

With the aid of significantly slowed in crystallo reactions, a heme-bound ferric hydroperoxo 

intermediate and a heme-bound dopaquinone intermediate were proposed to populate on the 

catalytic pathways of C-F and C-H bond cleavage, respectively.2 Such intermediates in 

action are unprecedented in heme systems. This presentation will discuss the experimental 

evidence for these reactive intermediates and the molecular rationale on how a single O-

atom, rather than two, is transferred to the substrate to functionalize the C-H and C-F bonds. 

 
1. Shin I, Wang Y, and Liu A. A new regime of heme-dependent aromatic oxygenase superfamily. Proc. Natl. Acad. Sci. 

U.S.A. 2021, 118(43), e2106561118. (DOI: 10.1073/pnas.2106561118)  

2. Wang Y, Davis I, Shin I, Wherritt DJ, Griffith WP, Dornevil K, Colabroy KL, and Liu A. Biocatalytic carbon-

hydrogen and carbon-fluorine bond cleavage through hydroxylation promoted by a histidyl-ligated heme enzyme. ACS 

Catal. 2019, 9(6), 4764-4776. (DOI: 10.1021/acscatal.9b00231) 

3. Wang Y, Davis I, Shin I, Xu H, and Liu A. Molecular rationale for partitioning between C-H and C-F bond activation 

in heme-dependent tyrosine hydroxylase. J. Am. Chem. Soc. 2021, 143(12), 4680-4693 (DOI: 10.1021/jacs.1c00175) 

https://doi.org/10.1073/pnas.2106561118
https://pubs.acs.org/doi/10.1021/acscatal.9b00231
https://doi.org/10.1021/jacs.1c00175
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Talk 8 

Broadening Substrate Specificity and Cofactor Regeneration for Novel Alcohol 

Dehydrogenase from Glucose Dehydrogenase 

 

John Kang, Bettina Bommarius, and Andreas Bommarius 
Department of Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA 30332 

 

A classical short chain dehydrogenase/reductase (SDR), (GDH) glucose 1-

dehydrogenase, catalyzes the reversible oxidation of glucose to glucono-1-5-lactone, then 

irreversible ring opening to gluconic acid, with a nicotinamide cofactor NAD(P)H. This 

enzyme is conventionally used for cofactor regeneration in conjunction with other NAD(P)H 

dependent enzymes such as ketoreductases or amine dehydrogenases (Bommarius, 2014i, 

Franklin, 2020 ii). Similar structural motifs and active site scaffolding across SDRs suggest 

potential to be engineered to accept multiple substrates by broadening enzyme specificity, 

particularly following studies engineering this same GDH to be highly thermostable for 

increased stability and robustness (Vazquez-Figueroa, 2007 iii).  

Twenty-one GDH sequenced variants generated previously via mutations around the 

active site were probed to accept ketones and alcohols as substrates. These variants were 

tested to identify best candidates for either improved ketone conversion or dual activity for 

both a ketone and glucose, to generate a suitable enzyme for both reactions. Candidates 

chosen based on broadened activity for new substrates and retention of glucose activity were 

verified with full conversions after 24 hours, with GDH B converting acetophenone at 82% 

(regenerating its own cofactor) and GDH J with WT-GDH converting 4-chromanone at 

100%. With critical residues V146 and W152 identified in these successful variants, NNK 

libraries were generated to screen for further optimization of the parent variant using 96-well 

plate assays using indanol, phenylethanol and glucose substrates. Hits showed heightened 

activity for V146X C19 (1.15x increase in indanol, 1.18x increase for glucose) and W152X 

G9 (0.21x decrease for indanol, 572x increase for glucose). 

This is a novel demonstration of gain of activity in an enzyme with retention of its 

previous activity to be able to regenerate its own cofactor for continued catalysis. This 

achievement has significant implications in pharmaceutical and industrial applications and 

gives insight into the innovability of GDH or SDRs in general (Gräff, 2019 iv) as a potential 

for developing other desirable biocatalysts with similar protein engineering methods. 

 
 

I. B. R. Bommarius, M. Schurmann, A. S. Bommarius, Chem Commun (Camb) 2014, 50, 14953-14955. 
 

II. R. D. Franklin, C. J. Mount, B. R. Bommarius, A. S. Bommarius, ChemCatChem 2020, 12, 2436-2439. 
 

III. E. Vazquez-Figueroa, J. Chaparro-Riggers, A. S. Bommarius, Chembiochem 2007, 8, 2295-2301. 
 

IV. M. Gräff, P. C. F. Buchholz, P. Stockinger, B. Bommarius, A. S. Bommarius, J. Pleiss, Proteins: Structure, 

Function, and Bioinformatics 2019, 0. 
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Talk 9 
Cytochrome P450 Enzymes: Multiple Substrates and Multiple Reactions Require 

Multiple Conformations and Protein Dynamics 

 

F. Peter Guengerich 
Department of Biochemistry, Vanderbilt University School of Medicine, Nashville, TN 37232-0146 

 

 

 Cytochrome P450 (P450, CYP) enzymes (≥ 434,000 in UniProt) collectively catalyze 

more oxidations than any others, and they continue to be of major interest because of their 

roles in the metabolism of drugs, steroids, natural products, and industrial and agricultural 

chemicals. 

 Reactions include not only simple hydroxylations but also reductions and oxidations 

involving C-C bond formation and cleavage, ring contraction and expansion, and heteroatom 

oxidations.(1) The general catalytic cycle involves at least nine steps. Almost all of the 

oxidations can be ascribed to the high valent iron intermediate termed Compound I (formally 

FeO3+), and it is unclear how many, if any, reactions can be attributed to other intermediates 

in the catalytic cycle. 

 One of the enigmas of many P450s is the ability of a single enzyme to be able to 

utilize some many substrates, with reasonable specificity constants (kcat/Km).(2) Multiple 

crystal structures have been observed with many P450s, even in the absence of ligands and 

with a ligand. Kinetic analysis of substrate binding to bacterial P450BM-3 indicates a 

conformational selection mechanism, in which the dominant mode is binding of one 

substrate to one (or more) P450 conformations. In contrast, bacterial P450cam binds its 

prototypic substrate camphor in predominantly induced fit mechanism, with substrate-

induced conformational changes following binding. However, P450cam bound “slower” 

substrates in a conformational selection mode, which has also been observed to be the 

dominant mode with human microsomal P450s.(3) 

 Many drugs are inhibitors of P450s, and many are bound in slow on-set reactions, 

with as many as two intermediates observed. With human P450 3A4, these steps are 

associated with a delay of the full onset of  inhibition until the final step.(4) Although multiple 

spectral intermediates were also observed with the steroidogenic P450 17A1, the onset of 

inhibition was rapid and can be rationalized in the context of a much smaller active site than 

P450 3A4. These phenomena are of relevance in considering drug-drug interactions (P450 

3A4) and the development of drugs as P450 inhibitors (e.g., with P450 17A1). 

 
 Supported in part by NIH grant R01 GM118122. 

 
1. Guengerich, F. P., and Yoshimoto, F. K. (2018) Formation and cleavage of C-C bonds by enzymatic oxidation-

reduction reactions. Chemical Reviews 118, 6573-6655. 

2. Guengerich, F. P. (2018) Perspective: Mechanisms of cytochrome P450-catalyzed oxidations. ACS Catalysis 8, 

10964-10976. 

3. Guengerich, F. P., Child, S. A., Barckhausen, I. F., and Goldfarb, M. H. (2021) Kinetic evidence for an induced 

fit mechanism in the binding of the substrate camphor by cytochrome P450cam. ACS Catalysis 11, 639-649. 

4. Guengerich, F. P., McCarty, K. D., and Chapman, J. G. (2021) Kinetics of cytochrome P450 3A4 inhibition by 

heterocyclic drugs defines a general sequential multistep binding process. The Journal of Biological Chemistry 

296, 100223. 
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#1 

Structural and functional insights of Bacillus cytochromes P450 that are involved in 

secondary metabolite biosynthesis 
 

Jahangir Alam and Douglas C. Goodwin 
Department of Chemistry and Biochemistry, Auburn University, Auburn, AL 36849 

 

 

Cytochromes P450 enzyme can catalyze a broad diversity reaction with a high degree 

of chemo-, regio-, and stereoselectivity. Their role in bacterial secondary metabolite 

biosynthesis is particularly interesting since they are often involved with various oxidative 

transformations potentially useful in pharmaceutical and biotechnological applications. To 

examine their distribution, sequence conservation, tertiary structure, and substrate 

preference, we carried out a comprehensive genomic analysis of 1,562 Bacillus strains. From 

a total of 5,051 P450 genes, we identified 614 encoded within biosynthetic gene clusters 

(BGCs) as “accessory genes.” These BGC-affiliated P450s were distributed among six 

families: CYP107 (326), CYP134 (134), CYP113 (84), CYP109 (33), CYP102 (27), and 

CYP106 (2). Interestingly, enzymes from each P450 family were involved in a specific 

secondary metabolite biosynthetic pathway: bacillaene/fengycin (CYP107), cyclodipeptide 

(CYP134), difficidin (CYP113), bacillibactin (CYP109), and plantazolicin (CYP102). Their 

amino acid sequence conservation across the P450 family showed CYP113 and CYP134 are 

hixghly conserved, whereas CYP107 and CYP109 are the least conserved. Based on this 

observation, we surmised that the phylogenetically-related amino acid sequence 

conservation is linked with substrate specificity with respective biosynthetic pathways. 

High-resolution homology models of a representative P450 from these families showed 

distinct structural features at the active site that may relate to substrate specificity. Molecular 

docking simulations of each P450 with putative substrates showed favorable binding of 

CYP113, CYP134, CYP109, CYP107, and CYP102 with the substrates difficidin, 

cyclodipeptide, dihydroxybenzoate, bacillaene, and plantazolicin, respectively. Further 

investigations on enzyme-substrate interaction and substrate preference of each P450 family 

with respective substrate will be carried out through in silico molecular dynamics 

simulations and in vitro P450-catalyzed oxidative transformations of candidate substrates. 
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#2 

Optimizing growth conditions for the recombinant expression of P450 27A1 

 

Jackson Bartholomew-Schoch, and Michael Reddish 
Department of Chemistry and Fermentation Sciences, Appalachian State University, Boone, NC, 

28608. 

 

Human cytochrome P450 27A1 catalyzes the hydroxylation of cholesterol to 27-

hydroxycholesterol. This sterol product acts as an agonist for both the estrogen and liver X 

receptors potentially upregulating hormone-responsive cancer proliferation. Limited 

structural information exists for P450 27A1 because current recombinant expression 

methods have a low yield. By changing conditions such as differing E. coli strains, induction 

reagents, induction temperature, and purification methods, we seek to improve the protein 

yield of P450 27A1 by recombinant methods. Sample data from SDS-PAGE analysis, 

western blot analysis, and CO binding spectra will be presented to assess the different growth 

conditions. Through testing various conditions, we aim to increase protein yield from the 

recombinant expression of P450 27A1 and answer critical questions regarding P450 27A1 

structure. 
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#3 

Post-translational modifications of human ferrochelatase 

 

Tawhid Bhuiyan, Chibuike David Obi, Amy E. Medlock 
Biochemistry and Molecular Biology, University of Georgia 

 

 

 Ferrochelatase is the terminal enzyme in the heme biosynthetic pathway. Levels of 

heme synthesis differ depending on the tissue/cell type, thus regulation is critical to ensure 

appropriate heme synthesis under different cellular conditions. Prior research has identified 

post translational regulation of ferrochelatase by protein kinase A. Assays of partially 

phosphorylated ferrochelatase showed an increase in activity. Inhibition and knock-out of 

protein kinase A resulted in a decrease in heme production and lead to the accumulation of 

harmful intermediates. In order to better understand the effect of phosphorylation on 

ferrochelatase, we co-expressed ferrochelatase with protein kinase A and characterized the 

purified protein by mass spectrometry, crystallographic, enzyme activity, and computational 

studies. Through mass spectrometry studies, we have identified a number of residues that 

undergo phosphorylation. Computational modeling of select residues suggests that 

phosphorylation induces a conformational change. Assays of phosphorylated ferrochelatase 

indicate a change in enzyme activity. We have successfully crystalized partially 

phosphorylated ferrochelatase and are currently solving this structure to confirm 

modification of specific residues. Current studies of phosphorylated ferrochelatase as well 

as future studies will be discussed. Understanding ferrochelatase regulation is critical to 

finding new diagnostic modalities and treatments for hematological diseases, including 

anemias and porphyrias. 
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#4 

A Novel Interaction between Apoptosis Signal-Regulating Kinase 1 (ASK1) and c-Jun 

N-Terminal Kinases (JNKs) 

 

Sekyere Boateng and Xuanzhi Zhan 
Department of Chemistry, Tennessee Technological University, Cookeville, TN 38505. 

 

             Mitogen-activated protein kinases (MAPKs) are a family of intracellular 

serine/threonine protein kinases that transmit extracellular stimuli to the machinery that 

controls fundamental cellular processes like growth, gene expression, differentiation, and 

apoptosis. MAPKs function sequentially in a three-tiered kinase module in which an 

upstream MAPK kinase kinase (MAPKKK) activates a MAPK kinase (MAPKK), which in 

turn activates the downstream MAPK.  

             We recently discovered a previously unknown interaction between ASK1, the 

MAPK kinase kinase (MAPKKK) in the JNK cascade, and JNK3, the downstream MAPK. 

Our findings confirm the interactions between ASK1 and all three JNK subfamilies (JNK1,2 

and 3), with JNK3 isoforms binding ASK1 more strongly than the other two subfamilies. 

Furthermore, we identified a unique N-terminal of JNK3 as a primary ASK1 binding site. 

The findings of this study will contribute to a better understanding of the assembly and 

function of multi-component MAPK complexes. 

 

 
             This study is supported by the Student Research Grant (SRG), Department of Chemistry, 

Tennessee Technological University (TTU). 
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#5 

Investigating the production and biosynthesis of cofactor F430 variants in 

methanogenic archaea 

 

Kaleb Boswinkle‡ and Kylie Allen‡ 
‡Department of Biochemistry, Virginia Polytechnic Institute and State University, Blacksburg VA 

 

 

Methanogenesis is the biological production of methane and is utilized by 

methanogenic archaea (methanogens) to generate energy. This process occurs in virtually all 

anaerobic environments in which organic matter is decayed. Thus, it plays a critical role in 

Earth’s carbon cycle and is responsible for over 70% of total atmospheric methane. This 

greenhouse gas is 84 times more potent than carbon dioxide over a 20-year period, but is 

also a valuable and clean energy source. An exciting possibility for maximally harnessing 

the chemical energy stored in methane is to convert it to more useable liquid fuels. This may 

be accomplished in the future by engineering a methanogenic strain capable of efficiently 

activating methane. However, a prerequisite to this is a more thorough understanding of 

methanogenesis.  

Methyl coenzyme M reductase (MCR) catalyzes the final reaction of methanogenesis 

in methanogens and the first reaction in the anaerobic oxidation of methane (AOM) carried 

out by anaerobic methanotrophs (ANME). Cofactor F430, a unique nickel-containing 

tetrapyrrole, serves as the prosthetic group and catalytic component of MCR. Recently, 

multiple F430 variants have been discovered in several methanogenic species, including 

Methanococcus maripaludis, Methanosarcina acetivorans, and Methanocaldococcus 

jannaschii. One of these variants that we report here has an exact mass of 1008.3478 Da, a 

similar absorption spectrum as unmodified F430, and associates with purified MCR from M. 

acetivorans. Based on the exact mass, this molecule is likely modified with a 

mercaptopropamide moiety. Our experiments have shown that in some conditions, this 

modified F430 comprises 30-50% of the total F430 pool. Experiments to determine 

physiological conditions in which methanogens consistently produce mercaptopropamide-

F430 are on-going. Tentatively, M. maripaludis seems to produce mercaptopropamide-F430 

mostly in stationary phase of growth, and in M. acetivorans growth on acetate stimulates 

production of this modified F430. We also report upon our work to identify the sulfur insertion 

enzyme required to produce methylthio-F430 that functions with MCR in ANME-1 archaea. 

We initially hypothesized that the insertion of the methylthio moiety is likely catalyzed by a 

methylthiotransferase (MTTase) homolog present in ANME. However, purified ANME 

MTTase does not appear to catalyze this reaction, and instead catalyzes the methylthiolation 

of N6-threonylcarbamoyladenosine (t6A) in tRNA. 
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#6 

Paper on Human cytochrome P450 

 

Campbell Hayden 

Department of Chemistry and Fermentation Sciences  Appalachian State University   

Human cytochrome P450 27A1 is monooxygenase enzyme involved in the 

metabolism of both cholesterol and vitamin D3. P450 27A1 requires two electrons supplied 

by its redox partner protein adrenodoxin. Six other human mitochondrial P450 enzymes also 

rely on adrenodoxin for the same purpose. Evidence from other groups indicates that the 

interaction between adrenodoxin and the P450 enzymes may occur at slightly different 

positions. We are adding to this body of knowledge by examining the P450 27A1 

and adrenodoxin interaction. Our experimental approach is to lock the interaction of the P450 

and adrenodoxin by chemically-crosslinking the proteins together with the zero-length 

crosslinker EDC (1-ethyl-3-(3- dimethylaminopropyl)carbodiimide hydrochloride). We then 

take the crosslinked peptides, digest using proteases, and analyze the peptides by LC- 

MS to determine the contact points between the proteins. We’ll report on the putative binding 

sites we see for this interaction and compare to work on the other human mitochondrial P450 

enzymes.  
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#7 

Paper on c-Jun N-terminal Kinase 3 

 

Chong Brian and Xuanzhi Zhan 
Department of Chemistry, Tennessee Technological University, Cookeville TN, 38505 

 

 
c-Jun N-terminal Kinase 3 (JNK3) is a member of Mitogen-Activated Protein kinases 

(MAPK), which regulates diverse signal transduction events related to many essential 

cellular processes including differentiation, apoptosis and prefoliation. JNK3 has been 

recognized as a therapeutic target for neurodegenerative diseases, such as Parkinson’s and 

Alzheimer’s. This project seeks to elucidate the potential binding induced conformational 

changes of JNK3 protein by using 19F Nuclear Magnetic Resonance (NMR) spectroscopy. 

This study uses site specific incorporation of fluorine tags onto proteins through the use of 

chemically defined media, which seeks to deprive cells of the amino acid tryptophan. 

Through the addition of 5-fluoro-indole to the media, a fluorinated precursor to tryptophan, 

fluorinated tryptophan can be synthesized in cell by tryptophan synthase. For expression of 

JNK3 in this media, we will optimize the conditions by adding several nutrient additives 

(serine, and PLP) to increase the amount of fluorinated proteins. Our results demonstrate that 

the addition of serine and PLP significantly increases the production of functional JNK3. 

Preliminary NMR data indicates a successful incorporation of fluorine using this method of 

unnatural amino acid synthesis.  
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#8 

Targeting the Main Protease of SARS-CoV-2 with Temporin Peptides from 

Lithobates Frog Skin: A Molecular Modelling Based Study 

 

Aisha Choudhary and Mohammad A. Halim 
Department of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA 30144, USA 

 
Global health is being threatened by the severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). An outbreak of the virus occurred late in 2019, and it can 

cause a serious disease coupled with significant mortality. Antimicrobial peptides may offer 

a promising alternative therapy for the control of SARS-CoV-2 infection. Coronavirus 

replication and life cycle are both controlled by main protease (3CLpro), a viral cysteine 

protease similar to chymotrypsin. Thus, the enzyme represents a potential target for the 

development of antivirals. The 3CLpro is a functional homodimer with two active sites that 

cause polyproteins to be cleaved in order to propagate and package the virus inside the host 

cell. A Cys145-His41 catalytic dyad is found in each active site and is responsible for the 

hydrolysis of the peptide bond at certain places along a polypeptide chain.  

In this study, 16 temporin peptides from Lithobates Frog skin were modelled to test 

as potential inhibitors against the 3CLpro by molecular docking and molecular dynamics. 

Peptide modelling is conducted by Pepfold3.5 server. HDOCK tool was used for molecular 

docking between the model peptides and crystal structure of 3CLpro. Molecular docking 

results showed that three peptides including LIT15, LIT11, and LIT16 showed significant 

interaction with the active sites of 3CLpro with the binding score of -163.21, -163.77, and -

172.89, respectively. Most of the peptides showed interaction with Cys145 and His41. 

Various noncovalent interactions such as hydrogen bonding and hydrophobic interactions 

are identified in peptide–3CLpro complexes. MD simulation was executed for the best 

peptides. Structural stability and compactness are observed for the peptide–3CLpro 

complexes. 
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#9 

MAP kinases differentially bind and phosphorylate NOS3 via two unique NOS3 sites 

 
Xzaviar K.V. Solone1#a^, Amber L. Caldara1^, Brady Wells2, Hao Qiao2, Lydia R. Wade2, John C. 

Salerno1#b, Katy A. Helms1#c, Katherine E.R. Smith2, Jonathan L. McMurry1 and Carol A. 

Chrestensen2* 
1Departments of Molecular & Cellular Biology and 2Chemistry & Biochemistry at Kennesaw State 

University, Science Laboratory Building, Room 3013, MD 1203, 105 Marietta Drive NW Kennesaw, GA, 

USA 

 

Nitric oxide synthase 3 (NOS3) is a major vasoprotective enzyme that catalyzes the 

conversion of L-arginine to nitric oxide (NO) in response to a significant number of signaling 

pathways. Here, we provide evidence that NOS3 interactions with MAP kinases have 

physiological relevance. Binding interactions of NOS3 with c-Jun N-terminal kinase 

(JNK1α1), p38α, and ERK2 were characterized using optical biosensing with full length 

NOS3 and NOS3 specific peptides and phospho-peptides. Like p38α and ERK2, JNK1α1 

exhibited high affinity binding to full length NOS3 (KD 15 nM). Rate constants exhibited 

fast-on, slow-off binding (kon = 4106 M-1s-1; koff = 6.2 x 10-5 s-1). Further analysis using 

synthetic NOS3 peptides revealed two MAP kinase binding sites unique to NOS3. p38α 

evinced similar affinity with both NOS3 binding sites. For ERK2 and JNK1α1 the affinity at 

the two sites differed. However, NOS3 peptides with a phosphate at either S114 or S633 did 

not meaningfully interact with the kinases. Immunoblotting revealed that each kinase 

phosphorylated NOS3 with a unique pattern. JNK1α1 predominantly phosphorylated NOS3 

at S114, ERK2 at S600, and p38α phosphorylated both residues. In vitro production of NO 

was unchanged by phosphorylation at these sites. In human microvascular endothelial cells, 

endogenous interactions of all the MAP kinases with NOS3 were captured using proximity 

ligation assay in resting cells. Our results underscore the importance of MAP kinase 

interactions, identifying two unique NOS3 interaction sites with potential for modulation by 

MAP kinase phosphorylation (S114) and other signaling inputs, like protein kinase A (S633).  

 
This work was supported by Birla Carbon (ALC), and NIH - 5-R25GM111565 (XKVS), 9R15EB028609 

(JLM) and R15 GM110634-01A1 (CAC).  
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#10 

Spectroscopic and Cofactor Analysis of a Class B Cobalamin Dependent Radical 

SAM Methyltransferase from the Methanogen Methanococcus maripaludis 

 
Katherine Clohan Gasaway‡, Nana Shao§, William B. Whitman§, Evert C. Duin‡ 

‡Department of Chemistry & Biochemistry, Auburn University, Auburn, AL 36849-5312; §Department of 

Microbiology, University of Georgia, Athens, GA 30602 

 
 Methanogenesis marker protein 10 (Mmp10, EC 2.1.1.379) is a cobalamin dependent radical 

SAM (RS) methyltransferase. This enzyme post-translationally methylates an arginine residue in the 

active site of methyl-coenzyme M reductase (Mcr, EC 2.8.4.1), an enzyme that produces and oxidizes 

methane within methanogens and anaerobic methanotrophs (ANME), respectively. This is the first 

arginine methylation to occur on a sp3-hybridized carbon versus one of the guanidinium nitrogens. 

RS methyltransferases use a molecule of SAM coordinated to a [4Fe-4S]1+/2+ cluster to generate a 5’-

deoxyadenosyl radical that abstracts a hydrogen atom from the substrate, leaving a substrate radical 

that can react with a functional group1. The [4Fe-4S]1+/2+ cluster is coordinated to the enzyme by a 

CX3CX2C motif, with a molecule of SAM being the ligand to the last Fe1. This chemistry facilitates 

the breaking of C-H bonds, like in this arginine.  

At the time of Mmp10’s discovery, it did not show conserved residues or binding domains 

for the cofactors typical of the five RS methyltransferases2. Recently after, it was demonstrated by 

Radle et al. and our lab (unpublished) that cobalamin was necessary for the methyltransferase 

reaction, even though there was no canonical cobalamin binding domain in the enzyme3. Typically, 

cobalamin is bound by a DXHXXG motif4,5. In cobalamin dependent RS methyltransferases, this 

domain is in the N-terminal region of the enzyme3. Crystallographic data on the structure of Mmp10 

has shown cobalamin binding in the C-terminus of the enzyme, with leucine and not histidine being 

the axial ligand to the cobalamin5. Furthermore, the [4Fe-4S]1+/2+ cluster of Mmp10 was coordinated 

by a tyrosine residue instead of the SAM molecule found in most RS enzymes5. This represents a 

new structural moiety within these methyltransferases.  

The methanogen Methanococcus maripaludis was used to express Mmp10 because we 

suspected that its native cofactors would be present directly in the purified enzyme. To analyze its 

cofactors, we performed both UV-Visible and electron paramagnetic (EPR) spectroscopy. 

Additionally, we plan to extract the cobamide to determine its identity and content. Preliminary data 

indicates that published findings on cofactor binding and identity may be incomplete.  
 

This research was funded through Grant DE-SC0018011 from the Department of Energy (K.C.G., 

N.S., W.B.W, E.C.D). 

 
(1)  Broderick, J. B.; Duffus, B. R.; Duschene, K. S.; Shepard, E. M. Radical S-Adenosylmethionine Enzymes. Chem Rev 2014, 

114 (8), 4229–4317. https://doi.org/10.1021/cr4004709. 

(2)  Deobald, D.; Adrian, L.; Schöne, C.; Rother, M.; Layer, G. Identification of a Unique Radical SAM Methyltransferase Required 

for the Sp3-C-Methylation of an Arginine Residue of Methyl-Coenzyme M Reductase. Scientific Reports 2018, 8 (1), 7404. 

https://doi.org/10.1038/s41598-018-25716-x. 
(3)  Radle, M. I.; Miller, D. V.; Laremore, T. N.; Booker, S. J. Methanogenesis Marker Protein 10 (Mmp10) from Methanosarcina 

Acetivorans Is a Radical S-Adenosylmethionine Methylase That Unexpectedly Requires Cobalamin. J. Biol. Chem. 2019, 

jbc.RA119.007609. https://doi.org/10.1074/jbc.RA119.007609. 

(4)  Lyu, Z.; Shao, N.; Chou, C.-W.; Shi, H.; Patel, R.; Duin, E. C.; Whitman, W. B. Posttranslational Methylation of Arginine in 

Methyl Coenzyme M Reductase Has a Profound Impact on Both Methanogenesis and Growth of Methanococcus Maripaludis. Journal of 
Bacteriology 2020, 202 (3). https://doi.org/10.1128/JB.00654-19. 

(5)  Fyfe, C. D.; Bernardo-García, N.; Fradale, L.; Grimaldi, S.; Guillot, A.; Brewee, C.; Chavas, L. M. G.; Legrand, P.; Benjdia, 

A.; Berteau, O. Crystallographic Snapshots of a B12-Dependent Radical SAM Methyltransferase. Nature 2022, 602 (7896), 336–342. 

https://doi.org/10.1038/s41586-021-04355-9. 
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#11 

Installation of a conserved lysine increases stability of bifurcating electron transfer 

flavoprotein 

 

Debarati Das, Yutong Wan, Anne-Frances Miller 
Department of Chemistry, University of Kentucky, Lexington, Kentucky 40506 

 
Electron bifurcation, the third mode of energy conservation, couples an exergonic electron 

transfer to an endergonic one, thus making the overall reaction exergonic. Electron bifurcation 

produces low potential, energy-rich compounds used to drive unfavorable reactions such as fixation 

of N2 and CO2.
1, 2 

The electron transfer flavoprotein (ETF) of Rhodopseudomonas palustris, RpaETF is a heterodimeric 

flavoprotein. The heterodimer has two FAD molecules: the bifurcating FAD (Bf-FAD) and the 

electron transfer FAD (ET-FAD). In this process Bf-FAD does 2e- reactions whereas the ET-FAD 

behaves unlike flavin favoring 1e- reaction.3 The ET-FAD is unusually stable in its anionic 

semiquinone (ASQ) state and is critical to the enzyme's mechanism. The existence of ET-FAD in 

stable anionic semiquinone state (favoring 1e- reaction) favors the flow of the second electron in the 

energetically unfavorable pathway. The protein environment plays a crucial role in stabilizing the 

anionic semiquinone state of ET-FAD. Our objective is to study the interactions of ET-FAD with 

nearby amino acid residues in the ET site which could stabilize its ASQ state. To determine which 

protein residues are responsible, it is necessary to generate variants of the ETF in which key residues 

are replaced. 

The modest stability of the RpaETF, leaves a little margin for studying the role of amino acid 

residues responsible for this effect. Thus, we thought to enable substitutions to improve the stability 

of the wild type protein. In RpaEtfAB there is a hydrophobic residue, leucine 247 close to the 

diphosphate of ET-FAD. We hypothesized that replacement of L247 with positively charged arginine 

or lysine would improve the stability of RpaETF. Alignment of the sequences of 216 ETFs shows 

that 65.8% have arginine at that position, 9.2 % have lysine.4 We hypothesize that mutating the L247 

to arginine or lysine will improve the stability of RpaEtfAB. Herein we demonstrate that L247R- and 

L247K-RpaETF are indeed more soluble, are purified in higher yield, bind a more ideal FAD 

stoichiometry, supporting the importance of electrostatic interactions with the FAD pyrophosphate. 

We also document the spectroscopic and redox properties of the new L247R and L247K variants. 

 
This study is supported by National Science Foundation CHE 2108134. 
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#12 

Characterization of Binding-Induced Conformational Changes of Arrestin-3 Using 

19F-NMR 

 

James Dethero-London, Brian Chong, William R. Carroll, Xuanzhi Zhan 
Department of Chemistry, Tennessee Technological University, Cookeville TN, 38505 

 

Arrestins, a small family of multi-functional scaffold proteins, play essential roles in 

G-protein coupled receptor (GPCR) signaling. Due to the many signaling pathways they are 

involved in, understanding arrestin structure and dynamics could be important for 

developing therapeutics for a variety of diseases such as Alzheimer’s and Parkinson’s. It is 

widely believed that arrestins undergo significant conformational changes to orchestrate 

their complex signal transduction processes. It remains a great challenge to explore these 

essential conformational movements induced by the binding of other signal molecules. This 

project seeks to better elucidate the mechanisms through which arrestin-3 mediates these 

signaling pathways with the use of 19F Nuclear Magnetic Resonance (NMR) spectroscopy 

analysis of interactions and conformational changes associated with binding known partners 

such as IP6 and kinases from JNK cascades, including ASK1, MKK4 & 7 and JNK3. Further, 

this study employs two different methods for 19F incorporation into arrestin-3: (1) unnatural 

amino acid (F-Trp) incorporation and (2) specific labeling on cysteine residues. Both 

methods can introduce the reporter molecules which contain fluorine into a desired location 

on arrestin-3. We are focusing on studying two residues: lysine 400 (K400) at the C-tail of 

arrestin-3 and phenylalanine 88 (F88) at the N-domain. 
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Development of Engineered Human Paraoxonase 1 (EHP) for Clinical Use 

 

Prakashkumar Dobariya, Prakash Khandave and Dr. Abhay H. Pande 
National Institute of Pharmaceutical Education and Research, S.A.S nagar, India 

 

Naturally occurring human paraoxonase 1 (hPON1) is a 355 amino acid long 

polypeptide, synthesized in the liver and circulate in blood in association with HDL particles. 

The enzyme is a moonlighting protein and act on a wide range of substrates including pro-

atherogenic and pro-inflammatory molecules, quorum sensor molecules and several 

organophosphate (OP)- compounds. The hPON1 possesses anti-oxidative, anti-

inflammatory, anti-atherogenic, anti-diabetic, and OP-hydrolyzing properties. Thus, h-

PON1 is a strong candidate for the development of therapeutic intervention of various PON1-

associated disease conditions (including atherosclerosis, diabetes, cardiovascular and 

neurodegenerative diseases, OP-poisoning). However, this multi-faceted enzyme exhibits 

poor pharmacokinetic (PK) profile including its sub-optimal circulatory half-life. Thus, there 

is a dire need to develop variant(s) of hPON1 having improved circulatory half-life. We have 

used “fusion approach” to engineer novel variants of hPON1 in which the enzyme is 

genetically fused with Half-life Extension Partners (HLEPs) via a linker peptide. Here, we 

present our results describing cloning, expression, purification and characterization of 

engineered human paraoxonase (EHP) variants. Our results indicate that lead EHP variant 

exhibit enhanced OP-hydrolyzing activity. 
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Towards Spectroscopically Consistent Models of Intermediates in  

Radical S-adenosyl-L-Methionine Enzyme Catalysis 

 
Patrick H. Donnan and Steven O. Mansoorabadi 

Department of Chemistry and Biochemistry, Auburn University, Auburn, AL 36849 USA 

Radical S-adenosyl-L-methionine (SAM) enzymes are found in all domains of life 

and catalyze a wide range of biochemical reactions. Recently, a catalytically competent 

intermediate, Ω, has been experimentally implicated in the 5'-deoxyadenosyl radical 

generation mechanism of the radical SAM superfamily.(1) Using electron paramagnetic 

(EPR) and electron-nuclear double resonance (ENDOR) spectroscopies, Ω has been 

proposed as an organometallic intermediate with a bond between the unique iron of the 

catalytic [4Fe–4S] cluster and the 5' carbon of the cleaved adenosyl moiety.(2) A similar 

organometallic intermediate, intermediate I, has been proposed in the non-canonical radical 

SAM enzyme Dph2, featuring organometallic bond formation between the unique iron of 

the cluster and the 3-amino-3-carboxypropyl radical resulting from S-Cγ bond cleavage of 

SAM.(3) We have employed broken-symmetry density functional theory (BS-DFT) to 

evaluate several structural models of Ω and intermediate I.(4) The results show that the 

calculated hyperfine coupling constants (HFCCs) for the proposed organometallic structures 

of both Ω and intermediate I are inconsistent with ENDOR experiments. In contrast, near-

attack conformers of SAM bound to the catalytic [4Fe–4S] cluster, in which the distance 

between the unique iron and SAM sulfur is ~3 Å for Ω and ~4.8 Å for intermediate I, yield 

HFCCs within ~1 MHz of the experimental values. Our results clarify the structure of both 

the ubiquitous Ω intermediate and the unique intermediate I, together suggesting a paradigm 

shift reversal regarding the mechanism of SAM cleavage by members of the radical SAM 

superfamily. 

 
This work was supported by a fellowship from the National Science Foundation Established Program 

to Stimulate Competitive Research (PHD) associated with NSF CAREER Award CHE-1555138 (SOM) and 

by the U.S. Department of Energy, Office of Science, Basic Energy Sciences under DOE Early Career Award 

DE-SC0018043 (SOM). This work was made possible by a grant of high-performance computing resources 

and technical support from the Alabama Supercomputer Authority. 
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Irreversible inhibition of Protein Arginine Methyltransferase 1 (PRMT1) by a novel 

peptoid stimulates cell death via induction of apoptosis and autophagy MDA-468 and 

HCT-116 cells 

 
Mollie DuBose1, Tala Sartawi2, Tina Sawatzky1, Corey P. Causey1, Fatima Rehman2, and Bryan 

Knuckley1 

1Department of Chemistry, University of North Florida, Jacksonville, FL, U.S.A.        2Department of 

Biology, University of North Florida, Jacksonville, FL, U.S.A. 

Protein arginine methyltransferases (PRMTs) are a group of mammalian enzymes 

that are responsible for post-translational modification (PTM) of histone tails. PRMTs are S-

adenosylmethionine (SAM) dependent and can modify histone tails via three methods: Type 

I, II, or III. Type I transfer two methyl groups to an arginine residue in the histone tail 

resulting in asymmetric dimethylarginine (ADMA). Similarly, Type II transfers two methyl 

groups to form symmetric dimethylarginine (SDMA). Type III transfer only on methyl 

group, resulting in monomethyl arginine (MMA). These modifications can lead to increased 

or decreased expression of genes related to various types of cancer. Thus, PRMTs are a 

possible target for agents for cancer therapy. In previous years, peptides have been 

investigated as methods for targeting PRMTs. However, peptides are readily degraded by 

proteases and an alternative method of PRMT inhibition is preferable. Peptoids are peptide-

mimicking molecules with the sidechain of the residue substituted on the nitrogen rather than 

the α-carbon. This substitution renders peptoids less susceptible to proteolysis. To this end, 

a peptoid has been identified that can selectively and irreversibly inhibit PRMT1, the major 

Type I PRMT. MDA-468 and HCT-116 (both cancer cell lines) showed increased cell death 

and possibly induced autophagy when treated with this inhibitor. However, this peptoid does 

not seem to affect noncancer cell lines such as HepaRG and Human Mammary Epithelial 

Cells (HMEC).  

This study was supported in part by the UNF Chemistry Department 2021 Summer Research 

Fellowship.  
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U’re the one I want: Cryo-EM Structures of SARS-CoV-2 Nsp15 Reveal Insight into 

Nuclease Specificity and Dynamics 

 

Meredith Frazier1, Monica Pillon1, Lucas Dillard2, Juno Krahn2, Isha Wilson1, Jason 

Williams3, Lalith Perera2, Kevin John Butay2, Leesa Deterding3, Mario Borgnia2, Robin 

Stanley1 
1Signal Transduction Laboratory, 2Genome Integrity and Structural Biology Laboratory, 3Epigenetics and 

Stem Cell Biology Laboratory, National Institute of Environmental Health Sciences, National Institutes of 

Health, Department of Health and Human Services, 111 TW Alexander Dr, Research Triangle Park, North 

Carolina, 27709 

 

Nsp15, a uridine specific endoribonuclease conserved across coronaviruses, 

processes viral RNA to evade detection by host defense systems. Crystal structures of Nsp15 

from different coronaviruses have shown a common hexameric assembly yet how the 

enzyme recognizes and processes RNA remains poorly understood. We determined the first 

series of cryo-EM reconstructions of SARS-CoV-2 Nsp15, in apo, UTP-bound, and pre- and 

post- cleavage states (1,2). The cryo-EM reconstructions, combined with biochemistry, mass 

spectrometry, and molecular dynamics, expose molecular details of how critical active site 

residues recognize uridine and facilitate catalysis of the phosphodiester bond. Gel-based and 

FRET cleavage assays revealed additional sequence preferences beyond the uridine. Mass 

spectrometry revealed the accumulation of cyclic phosphate cleavage products, while 

analysis of the apo and UTP-bound datasets revealed conformational dynamics not observed 

by crystal structures that are likely important to facilitate substrate recognition and regulate 

nuclease activity. Collectively, these findings advance understanding of how Nsp15 

processes viral RNA and provide a structural framework for the development of new 

therapeutics. 

 
This work was supported by the US National Institutes of Health Intramural Research Program; US National 

Institute of Environmental Health Sciences (NIEHS). This work was also supported by the NIH Intramural 

Targeted Anti-COVID-19 (ITAC) Program funded by the National Institute of Allergy and Infectious Diseases 

(NIAID). 

NIEHS/NIH ZIA ES103247(RES) 

NIEHS/NIH ZIC ES103326 (MJB) 

NIAID/NIH 1ZIAES103340 (RES) 

 
Pillon MC, Frazier MN, Dillard LB, Williams JG, Kocaman S, Krahn JM, Perera L, Hayne CK, Gordon J, Stewart ZD, 

Sobhany M, Deterding LJ, Hsu AL, Dandey VP, Borgnia MJ, Stanley RE. Cryo-EM structures of the SARS-CoV-2 

endoribonuclease Nsp15 reveal insight into nuclease specificity and dynamics. Nat Commun. 2021 Jan 27;12(1):636. doi: 

10.1038/s41467-020-20608-z. PMID: 33504779; PMCID: PMC7840905. 

Frazier MN, Dillard LB, Krahn JM, Perera L, Williams JG, Wilson IM, Stewart ZD, Pillon MC, Deterding LJ, Borgnia MJ, 

Stanley RE. Characterization of SARS2 Nsp15 nuclease activity reveals it's mad about U. Nucleic Acids Res. 2021 Sep 

27;49(17):10136-10149. doi: 10.1093/nar/gkab719. PMID: 34403466; PMCID: PMC8385992. 
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Disruption of Streptococcus mutans - Candida albicans synergy by small molecules 

 
B. Owen Garrett1, Champion Deivanayagam2,3*and Sadanandan E. Velu1,3* 

1Departments of Chemistry, 2Department of Biochemistry and Molecular Genetics, 3Microbiome Center, 

University of Alabama at Birmingham, Birmingham, AL 35226 

Streptococcus mutans is a known etiological agent in dental caries and is a predominant 

member of the dysbiotic oral microbiome.1 S. mutans as well as Candida albicans, are 

observed at elevated levels in the oral isolates of caries patients when compared to normal 

oral microbiome.2 The symbiotic disease-causing relationship between these two microbes 

has been well documented.2 On S. mutans its cell-wall anchored surface protein AgI/II is 

responsible for incorporating C. albicans into their dual species biofilm.2 This protein is also 

the namesake for a family of proteins that extends up to 50 nm away from the cell surface of 

S. mutans.3 Other proteins that belong to this family include the glucan binding protein 

(GbpC) of S. mutans, and the surface protein (SspB) of S. gordonii.  These surface proteins 

display various properties namely; binding to secreted proteins in the oral cavity,4 formation 

of biofilms,3 and/or incorporate other microbes into the vast architecture of biofilms.2 The 

variable region (V-region) in the AgI/II family, and in particular, a specific groove that 

resembles the palm of the hand in the V-region of each of these proteins is highly conserved.3 

In silico docking studies conducted targeting two binding pockets within the V-region, 

namely the ‘phenylalanine pocket’ and the ‘tyrosine pocket’ identified small molecules that 

theoretically fit into this pocket. These compounds obtained from the in silico screen have 

been synthesized starting from commercially available materials in 3-4 simple steps. Single 

and dual species biofilm assays to assess the ability of the compounds to bind to Ag I/II and 

to inhibit the incorporation of C. albicans into the S. mutans biofilm have been developed. 

The results from these studies will be presented in the poster.  

This study was supported by in part by a Grant from NIDCR, 1R21DE028349 (S.E.V) and DART Fellowship 

to B.O.G via the NIDCR Training Grant 5T90DE022736.  
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Heterologous expression of methyl-coenzyme M reductase reveals the importance of 

organism-specific accessory proteins for proper assembly 

 

Aleksei Gendron and Kylie D. Allen 
Department of Biochemistry, Virginia Tech, Blacksburg, VA 

 

Methyl-coenzyme M reductase (MCR) is the key rate-determining enzyme of 

methanogenesis as well as the anaerobic oxidation of methane, the essential energy 

metabolisms of methanogenic archaea and anaerobic methanotrophs (ANME), respectively. 

MCR is a dimer of heterotrimers with a 2α, 2β, 2γ configuration, and requires the nickel 

tetrapyrrole prosthetic group, coenzyme F430. The requirement of a unique cofactor, various 

unusual post translational modifications, and many remaining questions surrounding 

assembly and activation of MCR has so far largely limited in vitro experiments to native 

enzymes. To allow further investigation into the catalytic properties and mechanistic aspects 

of different MCRs, as well as facilitate the development of optimized biocatalytic systems 

to convert methane to more usable liquid fuels and other valuable compounds, we are 

developing methods for the heterologous expression of recombinant MCRs in 

Methanococcus maripaludis, a model methanogen with robust genetic tools.  

In methanogens, MCR is encoded in the highly conserved MCR gene cluster 

mcrBDCGA, which encodes two accessory proteins (McrD and McrC) in addition to the 

MCR-encoding genes (McrA, McrB, and McrG). The accessory proteins are proposed to be 

involved in the assembly and activation of MCR. Interestingly, most ANME lack one or 

more accessory proteins in their MCR gene clusters. We have created a series of MCR 

expression constructs containing the MCR operons from several ANME organisms as well 

as several methanogens, with and without accessory protein(s). All constructs contain a his-

tag on the C-terminus of McrA which allows the purification and determination of proper 

assembly. We have successfully purified a recombinant ANME-2d MCR that is assembled 

and binds F430, whereas in the case of the ANME-1 MCR, we can only recover the his-tagged 

McrA. Since the ANME-2d MCR operon contains McrD and the ANME-1 operon does not, 

this result supports the importance of McrD for proper assembly in vivo. Combined with 

other results from the expression of recombinant methanogenic MCRs, our results indicate 

that MCR accessory proteins are organism specific. Current work is focused on 

demonstrating the role of McrD through in vitro binding studies as well as further elucidating 

the importance of mcrD and mcrC for recombinant expression of diverse MCRs.  
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A Role for the Conserved Asn99 in the Beta-Latch Regulatory Mechanism of the Type II Cysteine 

Desulfurase, SufS 

 

Rajleen K. Gogar, Juliana V. Conte, Jack A. Dunkle, and Patrick A. Frantom 
Department of Chemistry & Biochemistry, The University of Alabama, Tuscaloosa, AL, 35487, United States 

 

Under oxidative stress and iron starvation conditions, Escheriachia coli uses the SUF 

pathway to assemble iron-sulfur clusters. The initial step in the SUF pathway involves the 

mobilization of sulfur by SufS, a type II cysteine desulfurase. SufS is a PLP-dependent 

enzyme that uses cysteine to generate alanine and an active site persulfide (C364-S-SH). The 

SufS persufide is protected from external oxidants/reductants and requires the 

transpersulfurase, SufE, to transfer the persulfide to the assembly scaffold and complete the 

SufS catalytic cycle. Recent structural and kinetic characterization of SufS identified a beta-

latch motif that includes the a6 helix, a glycine-rich loop, a beta-hairpin, and a cis-proline 

residue. Asn99 is a conserved residue on the a6 helix hydrogen bonded to the backbone of 

glycine-rich loop. To investigate the structural and mechanistic aspects of Asn99, site-

directed mutagenesis was performed to obtain the N99D and N99A SufS variants. Kinetic 

studies indicate 10-fold decrease in kcat values for N99A and N99D SufS relative to the WT 

SufS. However, similar KM values for cysteine for WT and the N99 SufS variants suggests 

no defects in the interaction with cysteine. In contrast to WT SufS, the N99 SufS variants 

were capable of robust turnover in the absence of SufE. Additional experiments suggest that 

the N99 variants allow the external reductant TCEP to react with the active site C364-

persulfide intermediate to complete the SufS catalytic cycle. Further, X-ray crystal structures 

for N99A and N99D SufS show a distorted beta-hairpin and glycine-rich loop, respectively, 

along with changes in the dimer geometry. Taken together these new findings support the 

importance of the conserved Asn99 SufS residue in the beta-latch regulatory mechanism and, 

in turn, the accessibility of active site persulfide (C364-S-SH) to the external environment. 

 

This study was supported by grant R01-GM112919 from the NIH. 
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Peptide Therapeutics for Covid-19 Treatment by Inhibiting the Viral Protein of 

SARS-CoV-2 
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30144, USA 

 
The SARS-CoV-2 is a positive-sense single-stranded RNA (ssRNA) virus and a 

member of the SARS-CoV and MERS-CoV (Middle East respiratory syndrome) family. 

This novel RNA virus translates 29 proteins including 16 non-structural, 4 structural and 9 

accessory factor proteins. Among all SARS-CoV-2 viral proteins, the main protease (3CLpro 

or Mpro) has important role for viral polyproteins maturation and replication. Drug 

repurposing provides a useful and effective solution for identifying potential therapeutics 

against SARS-CoV-2. Drugs designed to target 3CLpro can be broadly classified into two 

types: i) small molecule drug, obtained from modifications of existing protease inhibitors 

and ii) peptide inhibitors. Despite some challenges, peptides have several advantages 

including high specificity and effectiveness, easy to synthesize, high potency, low toxicity, 

fewer side effects, and low accumulation in tissue. Since the catalytic site and binding pocket 

of 3CLpro are relatively large for a small molecule, peptides containing 5-15 amino acids 

are likely to fit inside the pocket and inhibit the 3CLpro efficiently.  

In this study, antiviral peptides (which were known to inhibit other viruses) were 

computationally screened against the 3CLpro and showed good binding affinity. 

Computational screening results revealed that over 50 peptides (length of 6-19 amino acids) 

showed their binding affinity over -50 kcal/mol. Molecular dynamic simulation was 

performed which showed that most of the peptides remained in the binding pocket over the 

simulation time. Based on the screening results, some peptides were synthesized using 

standard Fmoc-based synthesis protocols and in-vitro analysis was performed by protease 

assay and luminescent-based assay via SARS CoV-2–induced cytopathic effect (CPE) in 

Vero E6 cells. Our computational screening and in-vitro analysis showed that an antiviral 

peptide has comparable inhibition efficiency of 67% against the SARS-CoV-2. Our results 

showed that existing small antiviral peptides may provide a fundamental pharmacophore for 

designing the main protease inhibitors. 
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Utilizing a kinetic model for penicillin G acylase to engineer an immobilized 

biocatalyst used for the continuous reactive crystallization of amoxicillin trihydrate 

 
Patrick R. Harris‡, Ronald W. Rousseau‡, Martha A. Grover‡, Andreas S. Bommarius‡ 

‡School of Chemical and Biomolecular Engineering Chemistry, Georgia Institute of Technology, Atlanta, GA 

30332 

 

Penicillin G acylase (PGA; E.C. 3.5.1.11) from E. coli is an enzyme used in the 

manufacturing of beta-lactam antibiotics. To improve the production of beta-lactam 

antibiotics, we combine crystallization of an active pharmaceutical ingredient (API) with the 

enzymatic synthesis of the API in the same vessel to generate improvements in yield, 

selectivity, and productivity, as well as intensify a traditional two-vessel process 

configuration on a pilot scale. We also operate the process in continuous fashion, which leads 

to lower waste production, lower energy consumption, higher productivity, and smaller 

process footprint in comparison to a batch process. The engineering of the biocatalyst was 

the focal point of the initial process design to achieve the set goals for process improvement. 

A traditional soluble enzyme does not have the potential for recycling, and an immobilized 

enzyme is faced with the issue of a solid-solid separation between the crystal product and 

enzyme support. 

In this work, PGA was immobilized on a solid support to synthesize the target API, 

amoxicillin, which is a highly important beta-lactam antibiotic and the most consumed 

antibiotic worldwide in terms of volume. We developed a model to describe the enzyme 

kinetics and better understand the behavior of the enzyme under process conditions. 

Important variants were assessed, including a commercial variant, but it was determined that 

the wild-type enzyme performed similar to other variants at the experiment conditions. We 

applied the enzyme model to a reaction-diffusion model to better understand its behavior 

within a solid support, and modelled and experimentally assessed the effect of enzyme 

loading and carrier size on the enzyme performance, namely changes in selectivity and 

activity. A size-based separation was used to retain the enzyme support within the reactor 

and remove product crystals. A wet mill was used in an external loop to guarantee crystals 

remained in a separable size range and safeguard the biocatalyst-product separation. The 

process yielded approximately 500 g/L/d of amoxicillin trihydrate with >99% (mass) purity 

with 55% conversion of the beta-lactam precursor, 6-APA. 

 
This study was supported by Grant U01FD006484 from the United States F.D.A.  
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A novel therapy for ER- breast cancer could come from allosteric inhibition of 

cytochrome P450 27A1 

 
Ethan. Harris‡  

Department of Chemistry and Fermentation Sciences, Appalachian State University, Boone, NC, 

28608. 

 

 

Cytochrome P450 27A1 (CYP27A1) is a human mitochondrial enzyme responsible 

for the hydroxylation of cholesterol in the liver and vitamin D3 in the kidneys. In 

postmenopausal women, 27-hydroxycholesterol, a product of the reaction of CYP27A1 with 

cholesterol, is an agonist for estrogen receptors. Activation of these receptors can facilitate 

hormone-responsive cancer growth. While inhibiting CYP27A1 to reduce 27-

hydroxycholesterol levels could be an effective cancer treatment, this approach may also be 

problematic as it could disturb vitamin D3 metabolism. Inhibitors that act outside the active 

site, allosteric inhibitors, could potentially modulate these two reactions independently to 

where 27-hydroxycholesterol levels are controlled and CYP27A1 driven vitamin D3 

metabolism is not disturbed. Previous studies have identified multiple FDA-approved drugs 

that inhibit CYP27A1 metabolism of cholesterol. Initial spectral studies indicate some of 

these drugs may not bind at the active site. This research project uses a steady-state enzyme 

kinetics approach to monitor the hydroxylation of vitamin D3 and cholesterol in the presence 

of various inhibitors to understand these drugs’ mode of inhibition. To quantify product 

formation, HPLC-UV is utilized. If these drugs act as allosteric inhibitors, novel cancer 

therapies could be derived using their structures as starting scaffolds, so the 27-

hydroxycholesterol agonist could be limited while vitamin D3 metabolism is maintained. 
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Three critical regions of the erythromycin resistance methyltransferase, ErmE, are 

required for function supporting a model for the interaction of Erm family enzymes 

with substrate rRNA 
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6-Methyladenosine modification of DNA and RNA is widespread throughout the 

three domains of life and often accomplished by a Rossmann-fold methyltransferase domain 

which contains conserved sequence elements directing S-adenosylmethionine cofactor 

binding and placement of the target adenosine residue into the active site. Elaborations to 

the conserved Rossman-fold and appended domains direct methylation to diverse DNA and 

RNA sequences and structures. Recently, the first atomic-resolution structure of a ribosomal 

RNA adenine dimethylase (RRAD) family member bound to rRNA was solved, TFB1M 

bound to helix 45 of 12S rRNA. Since erythromycin resistance methyltransferases are also 

members of the RRAD family, and understanding how these enzymes recognize rRNA could 

be used to combat their role in antibiotic resistance, we constructed a model of ErmE bound 

to a 23S rRNA fragment based on the TFB1M–rRNA structure. We designed site-directed 

mutants of ErmE based on this model and assayed the mutants by in vivo phenotypic assays 

and in vitro assays with purified protein. Our results and additional bioinformatic analyses 

suggest our structural model captures key ErmE–rRNA interactions and indicate three 

regions of Erm proteins play a critical role in methylation: the target adenosine binding 

pocket, the basic ridge, and the α4-cleft.  

 
This work was supported by NIAID, National Institutes of Health grant R15AI131159 (to J.A.D. 

and A.J.S.). 
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Glycosylation of small molecules is an essential process in life. This process plays a 

major role in cellular homeostasis as it regulates the subcellular localization of small 

molecules and allows for the detoxification of xenobiotic compounds. Uridine diphosphate 

(UDP) glycosyltransferases (UGTs) family, which belongs to the broader family of 

glycosyltransferases known as group 1 (GT-1) (E.C 2.4.1.X), catalyze the formation of a 

glycosidic bond between a uridine diphosphate (UDP) sugar and a small lipophilic 

compound. This family of enzymes are major phase II metabolizing enzymes ubiquitous to 

all kingdoms and despite the low sequence similarity, UGTs display high degree of structural 

similarity among representative proteins from all kingdoms1.  

UGTs are well known for their promiscuity, referring not only to the wide variety of 

structurally unrelated aglycones a single enzyme can accept, but also the several sugar 

moieties that can be transferred from UDP. However, the lack of crystal structures containing 

the sugar donor and/or acceptor, has made it extremely difficult to characterize, understand 

and take advantage of this feature through enzyme engineering2.  

Our research focuses on the structural and functional characterization of UGTs 

originating from the spider mite (Tetranychus urticae), a major agricultural pest that can feed 

on more than 1110 plant species. These promiscuous UGTs could use a wide range of UDP-

sugar and glycosylate a wide range of plant secondary metabolites known to be toxic to 

mites, as well as acaracides3. In our study, we not only elucidated the first mite UGT 

(Tetur22g00270) structure, but also obtained crystal structures of the complexes 

corresponding to all the steps of the enzyme-catalyzed reaction. We pair these X-ray 

crystallography experiments with enzymatic studies to elucidate the mechanism of action of 

this family of enzymes. Our results do not only represent a major milestone in the field of 

spider mite xenobiotic metabolism as we dive into the molecular basis of substrate specificity 

and promiscuity, but our findings could be also extrapolated to other research areas, such as 

human drug metabolism and protein engineering. 
 

This project was funded by USDA’s National Institute of Food and Agriculture award #2020-67014-

31179 through the NSF/NIFA Plant Biotic Interactions Program.  

 
1. Bock KW. The UDP-glycosyltransferase (UGT) superfamily expressed in humans, insects and plants: Animal-plant arms-race 

and co-evolution (2016). Biochemical Pharmacology 99,11-7  

2. Maharjan R, Fukuda Y, Nakayama T, Nakayama T, Hamada H, Ozaki SI, Inoue T. Structural basis for substrate recognition in 

the Phytolacca americana glycosyltransferase PaGT3 (2022) Acta Crystallographica Section D: Structural Biology 78(Pt 
3),379-389.  

3. Snoeck, S.; Pavlidi, N.; Pipini, D.; Vontas, J.; Dermauw, W.; Van Leeuwen, T. (2019) Substrate specificity and promiscuity of 

horizontally transferred UDP-glycosyltransferases in the generalist herbivore Tetranychus urticae. Insect Biochemistry and 

Molecular Biology 109, 116-127. 
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Glycans are the most abundant and diverse natural biopolymer and are involved in 

virtually all physiological processes, from structural and/or modulatory roles to intrinsic and 

extrinsic recognition. They decorate a variety of proteins and lipids that are collectively 

referred to as glycoconjugates. N-Glycosylation is the most common form of protein 

glycosylation and occurs when an oligosaccharide is attached to the amide nitrogen of an 

aspargine residue and can play pivotal roles in many different functions. Microbes have 

evolved many important mechanisms to depolymerize N-glycans for nutrients, colonization, 

and pathogenesis. Focus has primarily been on human associated pathogenic and commensal 

bacteria on human N-glycans. Interestingly, each bacterial species has a unique mechanism 

to remove N-glycans from the glycoconjugate, import the oligosaccharides into the cell, and 

depolymerize the oligosaccharide into monosaccharides for energy generation. In this study, 

we identified a family 5 subfamily 18 glycoside hydrolase (GH5_18) found in both gut- and 

soil-associated Actinobacteria that is involved in deglycosylating the N-glycan core. 

Structure-function analysis of GH5_18 provided details on its specificity and active site 

architecture. Further bioinformatics analysis led to the discovery of distinct polysaccharide 

utilization loci (PULs) likely dedicated to importing and metabolizing N-glycans. Although 

these PULs contain gh5_18 and genes encoding for a putative sugar ABC transport system, 

they also contain genes that encode for different auxiliary glycan degrading enzymes, 

suggesting diverse N-glycan degradation pathways between these Actinobacteria species.  

 
This study was supported by in part by the Canadian Institutes of Health Research (FDN-148381 to K.R.) 

and the Michael Smith Foundation for Health Research (grant 16776 to K.R.).  
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Samantha M. Horwitz,1 Tamra C. Blue,1, Joseph A. Ambarian,1 Shotaro Hoshinio,2 

Mohammad R. Seyedsayamdost,2 and Katherine M. Davis*1 

(1) Department of Chemistry, Emory University, Atlanta GA 30322 (2) Department of Chemistry, Princeton 

University, Princeton, NJ 08544 

 

Natural products have provided a powerful foundation from which to develop novel 

therapeutics. However, despite their ubiquity, obtaining a holistic understanding of their 

respective mechanisms of action is challenging, due in part to the scarcity of target-bound 

natural product structures. As drug development often relies on pointed modifications to 

conserved chemical features, understanding how these moieties directly interact with their 

targets is important for improving a candidate compound’s therapeutic effectiveness. 

Accordingly, we report X-ray crystal structures of two natural products belonging to the 

hydroxyalkylquinoline (HAQ) class in complex with the coveted therapeutic target 

dihydroorotate dehydrogenase (DHODH), which catalyzes the oxidation of orotate (ORO) 

to dihydroorotate (DHO) during de novo pyrimidine biosynthesis. Previous enzymatic assays 

[1] suggest that these two HAQs, HMNQ and HQNO, inhibit E. coli DHODH, which—like 

all Class II DHODHs—employs the prosthetic group FMN and cosubstrate ubiquinone to 

perform the oxidation of DHO and release of ORO, respectively. The results of these assays 

indicate that the HAQs are competitive for a common ubiquinone surrogate, DCIP, but not 

the enzyme’s substrate, DHO. We sought to corroborate this hypothesis by co-crystallizing 

the enzyme with the ubiquinone surrogate DCIP for comparison to HMNQ- and HQNO-

bound E. coli DHODH crystal structures, as well as to docking models of ubiquinone-bound 

E. coli DHODH. In addition to structural analysis, we performed an extraction assay using 

GC/MS on the as-purified enzyme, which confirmed the presence of the product orotate in 

the substrate binding site. Not only do our crystallographic and spectroscopic results 

substantiate the claim that HMNQ and HQNO inhibit ubiquinone by occupying its binding 

site, thereby preventing the release of the product ORO, the structural similarities we note 

between the HAQs and ubiquinone along with the widespread application of ubiquinone as 

an electron acceptor in a variety of enzymatic mechanisms hints at a possible explanation for 

the diversity and magnitude of bacterial natural products of the HAQ class. Moreover, the 

striking resemblance of these HAQs to ubiquinone also potentiates their capacity for 

inhibiting other Class II DHODHs, including the human enzyme.    

 

[1] Wu et al. Synergy and Target Promiscuity Drive Structural Divergence in Bacterial 

Alkylquinolone Biosynthesis. Cell Chem. Biol. 24, 1437-1444 (2017). 
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Characterization of a Two-Component Flavin Monooxygenase (Sky39/Sky40) from 

Streptomyces sp. Acta 2897 

 

Maxim Johnson1, Sydney Johnson1, Dr. Pablo Sobrado1,2 
1Department of Biochemistry and 2Center for Drug Discovery, Virginia Tech, Blacksburg, VA, 24061 

 

This project is focused on the structural and kinetic characterization of the two-

component flavin-dependent monooxygenase (FMO) Sky39 and reductase Sky40 which is 

involved in the biosynthesis of Skyllamycin A. Skyllamycin A is an inhibitor of the platelet-

derived growth factor (PDGF) signaling pathway1, which plays a critical role in tissue 

recovery, however dysregulation can result in fibrosis, arteriosclerosis, and cancers such as 

soft tissue sarcomas (55% fatality rate) and gliomas (≥95% fatality rate)2,3. Therefore, it is 

necessary that we understand the biosynthesis of Skyllamycin A as a potential novel 

anticancer drug. Skyllamycin A is also unique due to its unusual α-hydroxylated glycine 

moiety catalyzed by Sky39 and Sky40.  

Sky39 is a FMO that utilizes a flavin mononucleotide (FMN) prosthetic group. 

Traditionally, FMOs carry out oxidation reactions on heteroatomic compounds such as 

nitrogen oxidation and hydroxylation4. It is hypothesized that Sky39 carries out an unusual 

α-hydroxylation of a glycine moiety within the peptide chain substrate. Sky40 is a flavin 

reductase that interacts with Sky39 to deliver reduced flavin, allowing it to accomplish its 

hydroxylation reaction. This project aims to determine potentially novel chemistry, 

mechanism of action, and the 3-dimensional structure of Sky39. 

In this study we present the kinetic and biochemical characterization of Sky39 and 

Sky40. HPLC analysis confirmed the presence of bound FMN to Sky40 following 

purification. Using an oxygen consumption assay, we studied the steady-state kinetics of 

Sky39 and Sky40. Sky39 substrate specificity is under investigation. Additionally, NADH 

oxidation by Sky40 yielded a Km of 7 ± 1 mM and a kcat of 0.35 ± 0.02 s-1. Lastly, we have 

screened conditions for optimal protein crystal growth.  

 
1. Pohle S, Appelt C, Roux M, Fiedler HP, Süssmuth RD. Biosynthetic gene cluster of the non-ribosomally 

synthesized cyclodepsipeptide skyllamycin: deciphering unprecedented ways of unusual hydroxylation reactions. 

J Am Chem Soc. 2011 Apr 27;133(16):6194-205. doi: 10.1021/ja108971p. Epub 2011 Apr 1. PMID: 21456593. 

2. Zymek P, Bujak M, Chatila K, Cieslak A, Thakker G, Entman ML, Frangogiannis NG. The role of platelet-

derived growth factor signaling in healing myocardial infarcts. J Am Coll Cardiol. 2006 Dec 5;48(11):2315-23. 

doi: 10.1016/j.jacc.2006.07.060. Epub 2006 Nov 13. PMID: 17161265. 

3. American Cancer Society. https://www.cancer.org/. 

4. Huijbers MM, Montersino S, Westphal AH, Tischler D, van Berkel WJ. Flavin dependent monooxygenases. Arch 

Biochem Biophys. 2014 Feb 15;544:2-17. doi: 10.1016/j.abb.2013.12.005. Epub 2013 Dec 17. PMID: 24361254. 
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Plant Alkaloid Resistance, ZvFMO 

 

 Sydney B. Johnson1, Kathryn Paasch1, and Pablo Sobrado1,2  
Department of 1Biochemistry and 2Center for Drug Discovery, Virginia Tech, Blacksburg, VA, 24061  

Zonocerus variegatus, or the African-painted grasshopper, is a devastating food crop 

pest that inhabits Central and Western Africa. Many countries in this region rely on the 

agriculture to feed their populations, barter for goods, and to serve as a main income source 

as they are not yet industrialized nations. It is estimated that the grasshopper is responsible 

for 50% losses annually in many valuable crops such as cassava and bananas1. To control 

their population, farmers in these regions have depended on natural plant defense 

mechanisms such as the secretion of toxic alkaloid compounds1. However, within the last 

decade, the Z. variegatus population has begun to rise, and subsequently crop damages have 

climbed as high as 70% in some regions1. During this time, the levels of alkaloids have 

remained constant, which suggests a resistance mechanism had evolved. Previous 

publications utilized sequence homology to identify a flavin-dependent monooxygenase 

(FMO) that confers this resistance in the grasshopper, ZvFMO (E.C.1.14.13.101)2, 3.  
 

Here we present the biochemical characterization of ZvFMO using steady-state and 

pre-steady state kinetics, docking studies, and site-directed mutagenesis. Using an oxygen 

consumption assay we obtained a KM of 5 ± 0.5 µM and a kcat of 1 ± 0.1 s -1 for one substrate, 

monocrotaline. Quantitative product detection was also performed using reversed-phased 

HPLC. The pre-steady state studies were conducted using stopped-flow spectroscopy, and 

we report a rate of flavin reduction (kred) with NADPH of 15 ± 0.3 s-1 and 8 ± 0.1 s-1 for 

NADH. This enzyme strongly prefers NADPH (KD =32 ± 4 µM) over NADH (KD =440 ± 8 

µM), which aligns with other homologous enzymes4. These results and bioinformatics 

suggest that ZvFMO likely has a similar mechanism to other FMOs. However, ZvFMO can 

be distinguished from other FMOs by its unique substrate, which is large and lacks polarity 

in comparison to other FMO substrates. Using molecular docking strategies and the solved 

crystal structure, we added several substrates to the structure of ZvFMO and propose a 

unique binding pocket that contains a hydrophobic alpha helix that acts as a “gate-keeper” 

to the active site5. To validate the docking, we mutated one of the hydrophobic residues, 

F383 to alanine. Kinetic characterization of this mutation showed there was no impact on 

the kcat, but there was a 5-fold increase in the KM value for monocrotaline. This suggests we 

have identified the location of substrate entry to the active site, which will aid in drug 

discovery efforts to design an inhibitor against ZvFMO. 
 

 

References. 
[1] Kekeunou, S., Weise, S., Messi, J., and Tamò, M. (2006) Farmers' perception on the importance of variegated grasshopper (Zonocerus variegatus 

(L.)) in the agricultural production systems of the humid forest zone of Southern Cameroon, J Ethnobiol Ethnomed 2, 17-17. 

[2] Wang, L., Beuerle, T., Timbilla, J., and Ober, D. (2012) Independent Recruitment of a Flavin-Dependent Monooxygenase for Safe Accumulation 
of Sequestered Pyrrolizidine Alkaloids in Grasshoppers and Moths, PLOS ONE 7, e31796. 

[3] Sehlmeyer, S., Wang, L., Langel, D., Heckel, D. G., Mohagheghi, H., Petschenka, G., and Ober, D. (2010) Flavin-dependent monooxygenases 
as a detoxification mechanism in insects: new insights from the arctiids (lepidoptera), PloS one 5, e10435-e10435. 

[4] Huijbers, M. M., Montersino, S., Westphal, A. H., Tischler, D., and van Berkel, W. J. (2014) Flavin dependent monooxygenases, Arch Biochem 
Biophys 544, 2-17. 

[5] Kubitza, C., Faust, A., Gutt, M., Gäth, L., Ober, D., and Scheidig, A. J. (2018) Crystal structure of pyrrolizidine alkaloid N-oxygenase from the 
grasshopper Zonocerus variegatus, Acta Crystallogr D Struct Biol 74, 422-432. 
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A classical short chain dehydrogenase/reductase (SDR), (GDH) glucose 1-

dehydrogenase, catalyzes the reversible oxidation of glucose to glucono-1-5-lactone, then 

irreversible ring opening to gluconic acid, with a nicotinamide cofactor NAD(P)H. This 

enzyme is conventionally used for cofactor regeneration in conjunction with other NAD(P)H 

dependent enzymes such as ketoreductases or amine dehydrogenases {Bommarius, 

2014iFranklin, 2020ii}. Similar structural motifs and active site scaffolding across SDRs 

suggest potential to be engineered to accept multiple substrates by broadening enzyme 

specificity, particularly following studies engineering this same GDH to be highly 

thermostable for increased stability and robustness ({Vazquez-Figueroa, 2007iii).  

 Twenty-one GDH sequenced variants generated previously via mutations around the 

active site were probed to accept ketones and alcohols as substrates. These variants were 

tested to identify best candidates for either improved ketone conversion or dual activity for 

both a ketone and glucose, to generate a suitable enzyme for both reactions. Candidates 

chosen based on broadened activity for new substrates and retention of glucose activity were 

verified with full conversions after 24 hours, with GDH B converting acetophenone at 82% 

(regenerating its own cofactor) and GDH J with WT-GDH converting 4-chromanone at 

100%. With critical residues V146 and W152 identified in these successful variants, NNK 

libraries were generated to screen for further optimization of the parent variant using 96-well 

plate assays using indanol, phenylethanol and glucose substrates. Hits showed heightened 

activity for V146X C19 (1.15x increase in indanol, 1.18x increase for glucose) and W152X 

G9 (0.21x decrease for indanol, 572x increase for glucose). 

 This is a novel demonstration of gain of activity in an enzyme with retention of its 

previous activity to be able to regenerate its own cofactor for continued catalysis. This 

achievement has significant implications in pharmaceutical and industrial applications and 

gives insight into the innovability of GDH or SDRs in general {Gräff, 2019} iv as a potential 

for developing other desirable biocatalysts with similar protein engineering methods. 
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Flavodoxin (Fld) is a small FMN containing protein that is involved in single electron 

transfer. The long-chain flavodoxin in Rhodopseudomonas palustris bacteria replaces 

ferredoxin as a low- potential electron carrier when iron is scarce. Thus, it is proposed to 

interact with the bifurcating electron transfer flavoprotein (ETF) that yields low-potential 

electrons. A surface loop on Fld interacts with another of Fld's partner proteins, so we 

hypothesize that it also mediates Fld's interaction with ETF. To monitor interactions with 

ETF directly and investigate dynamics in this loop, we are using 19F NMR in solution. 19F 

is hyperresponsive to changes in its chemical environment with a chemical shift range of 

>300 ppm. To provide a static reference point and assess structural heterogeneity, we are 

also exploiting X-ray crystallography.  

In this study we selectively fluorinated the five tyrosine residues in Fld. We obtained 

resonance assignments from 19F spectra of Fld variants in which individual tyrosine residues 

have been replaced. We obtain well resolved signals for each residue, but the resonances' 

linewidths indicate dynamics that affects some resonances more than others. Y90 residue 

displays two resonances demonstrating two different conformations that interconvert slowly 

on an NMR time scale. Meanwhile the crystal structure solved at 2.1Å resolution reveals two 

molecules per asymmetric unit providing two perspectives on the details of the structure. 

The crystal symmetry is monoclinic in contrast to most of the other Flds, which are 

orthorhombic. Interestingly, the long loop bearing Y121 and Y123 is not well resolved in 

chain B of the crystal structure, and the NMR line of Y123 is exceptionally broad, both 

indicating that the loop is dynamic and capable of altering its conformation to accomodate 

binding to a partner protein.  

Future directions include monitoring the changes in the 19F NMR of the Fld when 

titrated with the partner protein, temperature dependence of the NMR spectrum and 

relaxation studies to evaluate time scales of motions.  
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Two spotted spider mite (TSSM), Tetranychus urticae is cosmopolitan agricultural 

pest with strong acaricides resistance causing significant bio-economic burden to agriculture 

industry. The acaricide resistance arises from defensive adaptation of mites which is 

attributed to detoxifying enzymes like glutathione-S-transferases (GSTs) (EC 2.5.1.18). 

GSTs are known to protect from oxidative stress, endogenous toxins and various xenobiotics 

in both prokaryotes and eukaryotes. GSTs catalyze glutathione (GSH) thiol group 

conjugation to electrophilic xenobiotics substrates thereby forming water soluble 

compounds and facilitates their cell excretion. GSTs form homodimers or heterodimers to 

catalyze GSH conjugation with electrophilic substrates in its active sites which are 

categorized as: a) G site for GSH binding, and b) H site for electrophilic substrate binding1. 

Genomic analysis of TSSM has identified 32 enzymes belonging to GST superfamily 

which are upregulated in various crop-adapted mites. Among the 32 GST, only four enzymes 

have been characterized so far, which shows functional activity towards 1-chloro-2,4 

dinitrobenzene (CDNB) and GSH as well as peroxidase activity3.  

In this research we have studied functional activity of three new GSTs; one delta 

class TSSM GST (TuGSTd01) and two Mu class GSTs, Mu6 (TuGSTMu06) and Mu12 

(TuGSTMu12) from TSSM respectively. All three GSTs are capable of catalyzing GSH-

CDNB conjugation. Here, we report here structural studies of both Mu06 and Mu12 GST 

from TSSM. We determined the crystal structure of these GSTs, which provides the first 

insights into 3D architecture of TSSM GSTs.  

 
This project was funded by USDA’s National Institute of Food and Agriculture award 

#2020-67014-31179 through the NSF/NIFA Plant Biotic Interactions Program.  

 
1. Daneshian, L., Schlachter, C., Trimmers, M.S.F.L., Radford, T., Kapingidza, B., Dias, T., Liese, J., 

Sperotto, A.R., Grbic, V., Grbic, M., Chruszcz, M., Delta class glutathione S-transferase (TuGSTd01) 

from the two spotted spider mite Tetranychus urticae is inhibited by abamectin (2021), Pesticide 

Biochemistry and Physiology 176: 104873 

2. Grbić M, Van Leeuwen T, Clark RM, Rombauts S, Rouzé P, Grbić V, et al. The genome of 

Tetranychus urticae reveals herbivorous pest adaptations (2011). Nature, 479 (7374):487–92 

3. Pavlidi, N., Tseliou, V., Riga, M., Nauen, R., Van Leeuwen, T., Labrou, N.E., Vontas, J.,Functional 

characterization of glutathione S-transferase associated with insecticide resistance in Tetranychus 

urticae (2015), Pesticide Biochemistry and Physiology 121:53-60 
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CRISPR-Cas provides prokaryotes adaptive immunity against viruses. CRISPR 

arrays include palindromic repeats interspersed with spacer regions composed of gene 

sequences from past invaders. Once transcribed into crRNA, the spacers mediate CRISPR-

Cas immunity. Class I CRISPR systems, specifically type III systems, mobilize RNase and 

DNase activity when a foreign gene is detected: target RNA binds to crRNA within the 

complex, it activates the Cas10 protein as a DNase and activates cyclic oligoadenylate (cOA) 

synthesis activity. cOAs act as a second messenger that subsequently activates Csm6 as a 

RNase which will degrade ssRNA nonspecifically. To investigate how crRNA-target 

mismatches affect Cas10’s activity, we introduced mismatches nucleotides into target RNA. 

We report in vivo and in vitro data on the effects of mismatches on Cas10 activity. 

 

This study was supported in part by the University of Alabama Pandemic Pilot 

Project Program and the National Institute of General Medical Sciences for award R35 

GM142966. We also thank members of the Dunkle Research Group for helpful discussions 

and technical assistance. 
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An ongoing geometric analysis of high-resolution Protein Data Bank files of 

chymotrypsin/protein-inhibitor complexes is described.  In previous research, subtilisin and 

trypsin were found to favor extensive alignments of atomic orbitals in their active-serine-

bearing strand and in the bound inhibitor strand. It was also found that long oligopeptide 

esters are significantly more reactive in non-enzymatic acyl-transfer than short ones.  This 

supports the idea of through-strand electronics. 

Chymotrypsin complexes have now been analyzed and found to have extensive 

orbital alignments similar to those of both systems. Seven files were analyzed; the selected 

files were all of resolutions at or below 2.5 angstroms. At least four extensive alignments of 

orbitals are evident from the research. The alignments are located in the following places: 

upstream and downstream of the targeted linkage in the enzyme-bound loop, from serine 195 

to glycine 196, and from serine 195 to proline 198. Therefore, as with the subtilisin system, 

the mean conformation of the bound inhibitor strand shows orbital alignments from the P2’ 

to P4 positions. All four alignments converge at the targeted linkage of the bound strand. 

These orbital alignments may help to induce and optimize the charge dynamics of acyl-

transfer during proteolysis. In serving that role, the alignments would be consistent with the 

known kinetic substrate-length dependences of all three enzymes. 

This research and the previous results suggest that there is a kinetic benefit for 

enzymes and substrates to use orbital alignments during proteolysis. The breadth of these 

findings predicts that such orbital alignments will also be present in other kinds of 

enzyme/substrate complexes. 
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Investigating a potential methanogenesis marker gene candidate responsible for Cis-

Proline Post-Translational Modification in Methyl Coenzyme M Reductase  
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Methane and carbon dioxide are two of the most prevalent greenhouse gasses found in 

the Earth’s atmosphere. A class of archaea called methanogens are widely responsible for 

the natural production of these gasses via its metabolic pathway of methanogenesis. These 

organisms, coupled with the production of methane gas emissions from human activity, 

strengthen the greenhouse gas effect to a hazardous level if left unchecked. These organisms 

contain the enzyme Methyl Coenzyme M Reductase (MCR) which catalyzes the last step of 

methanogenesis(1). A different class of organisms called methanotrophs reduces methane via 

Anaerobic Oxidation of Methane (AOM) using the same enzyme (MCR). MCR is a 

heterotrimer of dimers constituting of two alpha(α), beta(β), and gamma(γ) subunits known 

to have several Post-Translational Modifications (PTMs) in the alpha(α) and beta(β) 

subunits. The PTMs of interest in the alpha(α) subunits are 1-N-methylhistidine, 5-(S)-

methylarginine, S-methylcysteine, thioglycine and the cis-proline in the beta(β) subunits. 

Successful maturation and assembly of this enzyme in heterologous expression depends on 

the determination of the role of the genes responsible for these PTMs(2). The aim of this 

research is to confirm the role of one gene suspected to perform the cis-trans isomerization 

reaction located in the beta(β) subunits of MCR utilizing PCR, Gibson Assembly, protein 

purification methods, mass spectrometry and NMR spectroscopy.  

 
1. Thauer, R. K., Hedderich, R., & Fischer, R. (1993). Reactions and Enzymes Involved in 

Methanogenesis from CO2 and H2. In Methanogenesis. https://doi.org/10.1007/978-1-4615-2391-8_5  

2. Mansoorabadi, S. O., Zheng, K., & Ngo, P. D. (2017). F430 Biosynthesis and Insertion. Encyclopedia 

of Inorganic and Bioinorganic Chemistry, 1–12. https://doi.org/10.1002/9781119951438.eibc2488   
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Minimizing substrate inhibition and deactivation for continuous production of 

cephalexin 
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β-lactam antibiotics are continually the most prescribed antibiotics in the world. Semi-

synthetic β-lactam antibiotics can be produced enzymatically as an environmentally conscious and 

cost-effective alternative to traditional chemical synthesis. The enzymatic reaction couples an 

activated acyl side chain with a β-lactam nucleus to produce the desired β-lactam antibiotics. 

α-Amino ester hydrolases (AEHs) comprise a small class of enzymes capable of enantioselective 

production of semi-synthetic β-lactam antibiotics and are a potential alternative to the industrially 

used penicillin G acylases (PGA)1,2. Despite their rapid kinetics, AEHs have had limited use primarily 

due to their low stability, aggregation, and rapid deactivation. Recently, two quadruple variants 

(termed QVG & QVH) of wildtype AEH from Xanthomonas campestris pv. campestris were 

developed to improve AEH stability; however, AEH half-life is still on the order of one hour, which 

is far from ideal. 

Recently, we developed a complete kinetic mechanism for AEH catalyzed cephalexin 

synthesis to account for substrate inhibition that further complicates AEH use in large scale 

continuous processes3,4. While the general mechanism for β-lactam antibiotic synthesis by Youshko 

and Svedas is applicable under low reactant concentrations5, we demonstrate experimentally that 

AEH suffers from substrate inhibition and present a new kinetic model herein to fully describe the 

AEH catalyzed synthesis of cephalexin. Based on results from the newly derived kinetic model, AEH 

has significant potential with cephalexin productivity >600 g/L/hr at 5 µM AEH compared to 200 

g/L/hr at 5 µM of PGA. However, substrate inhibition and deactivation severely limit reasonable use 

of AEH.  

To address both substrate inhibition and AEH stability, computational protein engineering 

methods have been explored. While the source of substrate inhibition is still unclear, the presence of 

tunnels suitable for substrate and product shuttling were found through use of Caver Analyst. These 

tunnels are explored as alternative routes for substrates to enter the active site and be a potential 

source of substrate inhibition. Mutations for AEH stability improvements were evaluated using 

energy- and evolutionary-based calculations through available toolboxes such as HotSpot Wizard 

and FireProt6,7. Finally, the combination of all stability-based mutations was assessed using FireProt 

to eliminate mutations that could be detrimental in combination. The computational studies and 

subsequent mutant evaluations are discussed herein. 
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Heme-copper oxidase (HCO) is a family of enzymes catalyzing the four-electron oxygen 

reduction reaction (ORR) in the respiratory chain.1 Beyond the natural function, HCO has also 

become a promising target to develop artificial fuel cell catalysts with low overpotential and reduced 

production of reactive oxygen species. As the name suggests, the active site of HCO consists of a Fe-

heme cofactor and a His-bound Cu, known as the CuB site. An adjacent Tyr serves as the proton and 

electron relaying residue, which is essential in both ORR and the overall electron transfer. Moreover, 

there is a unique post-translational modification that covalently cross-links the Tyr to one of the His 

ligand of CuB. The cross-link tunes the electron and proton donating abilities of the Tyr and is critical 

for the ORR activity. However, the mechanism of the cross-link formation and structural features 

responsible for such cross-link is not understood.2 Since the cross-link is always observed when 

HCOs are isolated and an uncross-linked HCO has never been observed, it is difficult to investigate 

the mechanism in the native enzymes. 

Previously, our group has reported structural and 

functional models of HCOs using sperm whale myoglobin 

(Mb)  and some of the models display ORR activity 

similar to those of native HCOs.3 Here, we report the 

formation of an amino acid cross-link in the active site of 

F33Y CuBMb. By reacting the Fe(III)-heme with H2O2 

through a “peroxide shunt” pathway, a ferryl species was 

observed in the absorption spectra resembling the proposed cross-link formation mechanism of HCO. 

The peptide was characterized by LC-MS/MS and was identified as two segments cross-linked by 

His29 and His43, the two coordinating residues of the CuB site. Knocking out the active site Tyr33 

resulted in no cross-link formation, which was corroborated by its positioning flanked by His29 and 

His43 in the crystal structure. Furthermore, NMR of the purified cross-linked peptide showed that 

the linkage was definite between the CD2 of His43 and NE2 of His29. The same type of C-N linkage 

and the chemoselectivity indicates a well-defined mechanism to form cross-link in F33Y CuBMb, 

which is similar if not identical to the formation of Tyr-His cross-link in HCO. By demonstrating an 

unprecedented His-His cross-link using a simple protein mimic, this study provides insights into the 

formation mechanism of the His-Tyr modification in HCO. With more studies such as the role of Tyr 

and the relationship between the cross-link and the ORR activity, we envision to new approaches to 

improve the performance of the bio-inspired ORR catalysts. 
 

This work is supported by NIH GM062211 and EMSL User Project 50231 at Pacific Northwest National 
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Auxins are major plant hormones involved in seed embryogenesis, growth, and homeostatic 

activities.1 Indole-3-acetic acid (IAA), the main auxin found in higher order plants, can be produced 

through either tryptophan (trp)-dependent or trp-independent biosynthetic routes. In the main trp-

dependent pathway, tryptophan is converted into indole-3-pyruvic acid (IPA) by an aminotransferase 

followed by the oxidative decarboxylation of IPA to IAA by a YUCCA enzyme.  The YUCCA family 

of enzymes are members of Class B flavin-dependent monooxygenases (FMOs), which utilize a 

flavin prosthetic group 

and an external reductant 

such as NAD(P)H to carry 

out oxidation reactions.2  

The YUCCAs were first 

identified in Arabidopsis 

thaliana and have been 

somewhat characterized 

in planta. Studies have 

shown that upregulating expression of YUCCA genes in A. thaliana produces phenotypes consistent 

with increased auxin levels, such as hyper-elongation of stems and increased biomass.3  However, 

research into the kinetics and mechanisms of the YUCCAs have been limited. The scarcity of 

enzymology research on the YUCCAs, and plant FMOs in general, is largely due to issues obtaining 

recombinant, soluble protein.4  

In this work, we present the kinetic and biochemical characterization of YUC10 from A. 

thaliana. Following purification of recombinant, flavin-bound YUC10, we used steady-state kinetic 

analysis to characterize this enzyme. Oxygen consumption assays showed that YUC10 was active 

with IPA and phenyl-3-pyruvic acid (PPA, a substrate analog of IPA), with catalytic efficiencies of 

25,900 ± 6000 M-1 s-1 and 14,700 ± 6800 M-1 s-1, respectively. In addition, we showed that YUC10 

prefers NADPH over NADH, which is characteristic of Class B FMOs. Furthermore, we report that 

both IAA and phenyl-3-acetic acid (PAA) are produced by YUC10 via HPLC analysis. Future studies 

utilizing rapid-reaction kinetics and protein crystallography will unravel the mechanism of YUC10 

along with the structure of the enzyme’s active site. This work will allow us to better understand how 

YUC10 produces auxin and carries out its catalytic functions. With orthologues in food crops such 

as barley, potato, and tomato, characterizing YUC10 will allow new insights into crop engineering 

and biosustainability, a necessity for the agricultural industry.  
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Scheme 1. Reaction catalyzed by the enzyme YUC10. 
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Human cytochrome P450 27A1 oxidizes cholesterol to 27-hydroxycholesterol. 

Cholesterol and its derivatives do not have a strong chromophore, so quantification by LC-

UV is difficult. Instead, this reaction is generally monitored by using radioactively labeled 

cholesterol and quantified with Radio-LC. The use of radioactive compounds limits the 

ability to study this reaction. We seek to determine an alternative sensitive quantification 

method. We are testing using MTBSTFA to derivatize the alcohols on cholesterol with 

trimethylsilane. This allows us to use GC-MS as a quantification method for cholesterol and 

its derivatives. We also discuss the utility of fragmentation to help identify and quantify the 

reactions as well. 

 

  



 

 
64 

#39 

Biochemical Characterization of the Radical SAM Methylase Involved in 

Tetrahydromethanopterin Biosynthesis in Methanogenic Archaea 

 

Justin McKinney1, Taylan Tunckanat1, Katherine Clohan2, Evert Duin2, Kylie Allen1 
1Department of Biochemistry, Virginia Tech, Blacksburg, VA 

2Department of Chemistry and Biochemistry, Auburn University, Auburn, AL 

 

Tetrahydromethanopterin (H4MPT) is a tetrahydrofolate (H4F) analog that serves as 

a one-carbon carrier cofactor in the methanogenesis pathway in methanogenic 

microorganisms. One major structural feature that distinguishes H4MPT from H4F and other 

pterin-containing biomolecules is the presence of methyl groups at the C7 and C9 positions. 

Although the biosynthesis of H4MPT has been relatively well-defined, the enzyme 

responsible for the methylation reactions at the unreactive carbon centers has remained 

unclear. Our previous work identified the radical S-adenosyl-L-methionine (SAM) 

methylase, MjMptM, from Methanocaldococcus jannaschii that likely catalyzes the addition 

of both methyl groups during H4MPT biosynthesis. Our current data indicate that MjMptM 

does not utilize SAM as the methyl group donor and instead uses methylenetetrahydrofolate 

for this purpose, thus making MjMptM the founding member of “Class D” radical SAM 

methylases. Here, we describe our recent progress towards the biochemical and 

spectroscopic characterization of MjMptM. We demonstrated that the enzyme catalyzes two 

methylation reactions to produce a dimethylated folate species using 

methylenetetrahydrofolate as the C1 source for the in vitro methylation reactions and 

dihydrofolate as the in vitro substrate. Site-directed mutagenesis and UV-Vis spectroscopic 

analysis indicate that MjMptM harbors at least two [4Fe-4S] clusters which reside in the two 

canonical CX3CX2C radical SAM motifs in the N-terminus. This result was further 

confirmed by EPR spectroscopy, which shows the binding of at least two [4Fe-4S] clusters 

with unique signals.  Only one of the [4Fe-4S] clusters catalyzes the reductive cleavage of 

SAM to produce 5’deoxyadenosine, the key first step in radical SAM enzyme catalysis, and 

thus the most N-terminal auxiliary cluster is likely involved in electron transfer.  Current 

work is focused on elucidating the details of the novel methylation reaction mechanism. 
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Enzymes require flexible regions to adopt multiple conformations during catalysis. 

Flexible regions include gates that modulate the passage of molecules in and out of the active 

site. Gating residues are, therefore, good targets for allosteric drug design.1 Glutamine 80 

(Q80) in loop 3 (residues 75-86) of Pseudomonas aeruginosa NADH:quinone 

oxidoreductase (NQO, EC 1.6.5.9) is ~15Å away from the flavin and creates a gate that seals 

the active site by forming a hydrogen bond with Y261 upon NADH binding.2 NQO is a 

recently discovered NADH:quinone oxidoreductase with a proposed role in quinone 

detoxification in P. aeruginosa.3, 4 In this study, Q80 was mutated to glycine, leucine, or 

glutamate to investigate the significance of Q80 in capturing and securing NADH in the 

active site. The UV-visible absorption spectrum revealed that the NQO-mutants minimally 

affect the spectral properties of the enzymes. The anaerobic reductive half-reaction of the 

NQO-mutants yielded a ≤36-fold increase in Kd compared to the WT enzyme; however, the 

kred values for NADH were similar across all enzymes (~25 s-1), with no increased reactivity 

for NAPDH. Steady-state kinetics with NQO-mutants and NQO-WT at varying 

concentrations of NADH and 1,4-benzoquinone established a ≤5.3-fold difference in the 

kinetic parameter kcat/KNADH and no significant difference in kcat (~24 s-1). The results are 

consistent with a decreased affinity of NQO for NADH with minimal effect on the rate of 

hydride transfer from NADH to flavin upon Q80 mutation. 
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Dihydropyrimidine dehydrogenase (DPD) catalyzes the first step of pyrimidine 

catabolism, the reduction of the 5-6 vinylic bond of pyrimidines, uracil and thymine, using 

electrons sourced from NADPH. Structures of the enzyme reveal an intricate cofactor set. 

Each enzyme subunit contains an FAD, an FMN, and 4 Fe4S4 centers. The flavins are each 

localized within two distant active sites that bind NADPH and the pyrimidine, and these sites 

are connected by an electron transfer wire formed from 2 Fe4S4 centers from each subunit. 

DPD is clinically significant for accepting the widely used chemotherapeutic 5-fluorouracil 

(5FU) as a substrate, reductively detoxifying the anti-neoplastic agent and undermining 

efficacy. Research on the enzyme has been ongoing for close to fifty years, and the 

mechanism was assumed to involve conventional oxidoreductive half-reactions.  However, 

recent transient kinetic and structural information have warranted a reevaluation of the 

catalytic mechanism. Using a combination of transient state spectrophotometric and 

structural analyses we have shown that the active form of DPD is two-electron reduced state  

that has the cofactor set  FAD•4(Fe4S4)•FMNH2. The activated enzyme is established in a 

pre-reductive activation that precedes pyrimidine turnover. Using singular value 

decomposition of CCD spectrophotometric data for DPD single turnover, difference spectra 

for this reductive activation phase reveal changes of the oxidation of NADPH and the 

reduction of a single flavin per subunit. Pyrimidine reduction also includes NADPH 

oxidation, but does not show evidence of net reciprocal flavin oxidation indicating that the 

flavin reduced in the activation does not return to the oxidized state even in the presence of 

excess oxidant pyrimidine. This suggests that FMNH2 transfers electrons as a hydride to the 

pyrimidine first in catalysis followed by reductive re-activation to reinstate the FMNH2 

cofactor.  

 5-Ethynyluracil (5EU) is a chemotherapy sensitizer that indelibly inhibits DPD by 

covalent attachment to the general acid residue C671, which is required for pyrimidine 

reduction. 5EU-based inhibition of DPD utilizes the reductive activation phase to enable 

covalent linkage to C671. The general acid residue exists on a dynamic mobile loop of the 

enzyme that moves ~7Å from an outer position to within H-bond distance of the pyrimidine 

ring 6C. Crystal structures show that the in conformation is adopted in the presence of both 

native substrates. Accordingly, 5EU is shown to completely inactivate DPD only when 

NADPH is also present, prompting the genral conclusion that the binding of NADPH and 

pyrimidine biases the oscillations of the C671 loop to be proximal to the pyrimidine active 

site and facilitate either catalysis or 5EU-based thiolyne inactivation. We present three 

structures for the open, closed, and covalently linked states of DPD depict the respective 

stages in this proposed inactivation mechanism. 
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Arginine kinases (AK; EC 2.7.3.3), 40 kDa members of the phosphagen kinase 

protein family, are enzymes that catalyze the reversible conversion of ATP to ADP. AKs 

promote the movement of one phosphoryl group from ATP to L-arginine, yielding ADP and 

phospho-L-arginine as products (1). AKs are therefore invaluable in energy metabolism and 

the regulation of ATP levels in cells. AKs are found in invertebrates, notably crustaceans, 

mites, and ticks, with creatine kinases as a vertebrate homologue. Several AKs, primarily 

Bla g 9 (Blattella germanica, German cockroach), have been found to be allergens, with 

44% of cockroach-allergic patients reacting to the protein (3). Furthermore, AKs have over 

80% sequence identity as well as a highly-conserved structure, indicating a high chance of 

cross-reactivity between allergenic AKs.  

To examine the allergenicity and structural aspects of this enzyme, several potentially 

allergenic AKs, including those from Ixodes scapularis (deer tick), Dermatophagoides 

pteronyssinus (European house dust mite), and Tetranychus urticae (two-spotted spider 

mite), as well as established allergen Bla g 9 were studied. Crystal structures of the AK from 

I. scapularis was determined in the open state and with ADP and magnesium bound in the 

active site, as well as a structure of the open state of the AK from T. urticae. Study of these 

proteins with biochemical assays, structural analysis, and allergy testing will lead to further 

understanding of the relevance of arginine kinases in tick- and mite-allergic individuals. 
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Ferrochelatase is the terminal enzyme of heme biosynthesis that catalyzes the 

insertion of iron into protoporphyrin IX. Heme is an essential cofactor involved in several 

biological processes. Recent studies have highlighted ferrochelatase as a promising 

therapeutic target for ailments such as ocular angiogenesis, prostate cancer, and 

glioblastoma. In these studies, targeting the heme biosynthetic pathway via ferrochelatase 

inhibition resulted in reduction of choroidal neovascularization and improvement of 5-

aminolevulinic acid-dependent photodynamic therapy. Moreover, the expression of 

ferrochelatase is significantly low in glioblastoma cells. As a result, this leads to the 

accumulation of protoporphyrin IX in these cancerous cells, thereby making them 

susceptible to photodynamic therapy. Based on these findings, we embarked on investigating 

ferrochelatase inhibitors for therapeutic purposes. Herein, we discuss advances in identifying 

different classes of ferrochelatase inhibitors based on their structural scaffolds and chemical 

properties using computer-aided drug design tools. Also, we present a conceptual approach 

toward identifying and designing a new class of antibiotics via ferrochelatase inhibition in 

Gram-positive bacteria which utilize a different porphyrin substrate than most other 

ferrochelatases. Overall, our work directs attention to ferrochelatase in humans, bacteria, and 

protozoal parasites as promising drug targets for different diseases. 
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DNA primase is a ubiquitous, DNA-dependent RNA polymerase that synthesizes the 

short oligonucleotide primers required for processive DNA replication. Like many enzymes 

involved in DNA replication and repair, human DNA primase contains a redox-active, high 

potential [4Fe4S] cluster whose associated redox state serves as an on/off “switch” for DNA 

binding. The structural basis for this “switch” is poorly understood, however, given the 25 

Å distance between the [4Fe4S] site and the DNA binding region. Examination of available 

crystallographic data suggests that the [4Fe4S] cluster may undergo a change in structure 

upon substrate binding, however, this information alone is not sufficient to form conclusions 

about allostery.  

The goal of this study was to collect additional structural information for the [4Fe4S] 

cluster using Fe K-edge EXAFS spectroscopy and Nuclear Resonance Vibrational 

Spectroscopy (NRVS). We first demonstrate that the average Fe-Fe and Fe-S bond distances 

do not change in response to DNA binding. In contrast, shifts in vibrational frequencies 

associated with the [4Fe4S] cluster were observed in bound and unbound NRVS spectra. 

These results suggest that the substrate-dependent redox behavior of the [4Fe4S] cluster is 

not exclusively the result of distortions to cluster geometry, and rather may be attributed to 

changes in the immediate protein environment. We also show that the 5’-triphosphate of a 

bound rNTP or RNA primer may serve as an important element in tuning the redox properties 

of the cluster and in initiating allostery. Current work is focused on the simulation of NRVS 

spectra to better understand how the protein environment around the [4Fe4S] cluster changes 

in response to substrate binding. This information will be crucial for the identification of 

additional elements critical to the regulatory function of the [4Fe4S] cluster in DNA primase.  
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Tyrosine phenol-lyase (TPL) catalyzes the reversible pyridoxal-5’-phosphate (PLP) dependent 

elimination of L-tyrosine to give phenol and ammonium pyruvate (Eqn. 1).  We have recently 

obtained x-ray crystal structures of wild-type and mutant TPL with bound substrates and inhibitors 

(1, 2). The resulting 

structures include all of the 

proposed gem-diamine, 

aldimine, quinonoid, and 

aminoacrylate intermediate complexes.  TPL has been used to prepare a number of analogues of L-

tyrosine with pharmaceutical and biochemical applications.  Thus, there has been significant interest 

in mutants of TPL with broader substrate specificity, especially for synthesis of L-DOPA.  The rate 

of formation of the aminoacrylate intermediate from L-tyrosine shows nonlinear temperature and 

pressure dependencies, suggesting that the enzyme motion to form a closed conformation is coupled 

with the C-C bond cleavage step (3).  Methionine-379 is located in the active site of TPL on the small 

mobile domain.  We 

have now prepared 

the M379A mutation 

of TPL in order to 

increase the range of 

substrates for TPL.  

The results show that 

M379A has reduced 

catalytic activity 

with L-tyrosine, but 

nevertheless it is a 

robust catalyst for 

preparation of 3-substituted tyrosine analogs.  The UV-visible spectra and crystal structures of 

M379A TPL complexed with L-methionine and 3-bromophenylalanine show that quinonoid 

intermediates form, similar to wild type TPL.  However, the effects of temperature and pressure on 

the methionine complex demonstrate that the M379A mutation affects the dynamics of the 

conformational change coupled with catalysis. 

Figure 1.  Crossed-eye stereo view of the overlay of the structure of L-methionine bound to the 

active site of M379A (green) and wild-type TPL (magenta). 

 
1. “Crystallographic Snapshots of Tyrosine Phenol-lyase Show that Substrate Strain Plays a Role in Cβ-Cγ Bond 

cleavage”, Milic, D., Demidkina, T. V., Faleev, N. G., Phillips, R. S., Matkovic-Calogovic, D. and Antson, A. 

A., J. Am. Chem. Soc., 133, 16468-16476 (2011). 
2. “Crystal Structures of Wild-type and F448A Mutant Citrobacter freundii Tyrosine Phenol-lyase Complexed with 

Substrate and Inhibitors:  Implications for the Reaction Mechanism”, Phillips, R. S. and Craig, S., Biochemistry, 

57, 6166-6179 (2018). 
3. “Ground-state Destabilization by Phe-448 and Phe-449 Contributes to Tyrosine Phenol-lyase Catalysis”, Phillips, 

R. S., Vita, A., Spivey, J. B., , Rudloff, A., Driscoll, M. D. and Hay, S., ACS Catal., 6, 6770-6779 (2016). 
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Pseudomonas aeruginosa D-2-

hydroxyglutarate (D2HG) dehydrogenase 

(PaD2HGDH) oxidizes D2HG to 2-

ketoglutarate during the vital L-serine 

biosynthesis pathway (1, 2) and is a 

potential therapeutic target against P. 

aeruginosa (3). PaD2HGDH, which 

oxidizes D-malate as an alternative 

substrate (3), has been demonstrated to be 

a metallo flavoprotein that requires Zn2+ 

for maximum activity during flavin 

reduction (4). However, the role of Zn2+ 

in PaD2HGH catalysis is unknown. In 

this study, recombinant His-tagged 

PaD2HGDH was purified to high levels 

in the presence of Zn2+ or Co2+ to investigate the role of Zn2+ in catalysis and the effect of 

metal properties on PaD2HGDH catalysis. Flavin reduction was reversible with a constant 

rate (kred) for D2HGH and D-malate with Zn2+ or Co2+ at pH 7.4 and 25 oC. kred was almost 

fully rate-limiting for turnover with D-malate but not D2HG. The kred values suggest that 

hydride transfer solely depends on substrate coordination with the metal for ideal orientation 

during catalysis. This metal-substrate coordination has been reported in a recent report on 

human D2HGDH that places Zn2+ in the active site (5). The data with Zn2+ and Co2+ reveals 

that metal properties affect substrate binding and oxidation in PaD2HGDH. From the steady-

state pL profiles with D-malate, we observe that a catalytic base is required for hydride 

transfer, and Zn2+ mediates water activation, which is relevant for PaD2HGDH turnover, not 

hydride transfer or substrate binding. From these data, we propose a catalytic mechanism for 

PaD2HGDH that reflects the role of Zn2+ in enzyme turnover.  
 

1.  Guo, X., Zhang, M., Cao, M., Zhang, W., Kang, Z., Xu, P., Ma, C., and Gao, C. (2018) D -2-Hydroxyglutarate dehydrogenase plays a dual 

role in L -serine biosynthesis and utilization in the bacterium Pseudomonas stutzeri. Journal of Biological Chemistry. 293, 15513–15523 
2.  Zhang, W., Zhang, M., Gao, C., Zhang, Y. Y., Ge, Y., Guo, S., Guo, X., Zhou, Z., Liu, Q., Zhang, Y. Y., Ma, C., Tao, F., and Xu, P. (2017) 

Coupling between D-3-phosphoglycerate dehydrogenase and D-2-hydroxyglutarate dehydrogenase drives bacterial L-serine synthesis. 

Proceedings of the National Academy of Sciences of the United States of America. 114, E7574–E7582 
3.  Quaye, J. A., and Gadda, G. (2020) Kinetic and Bioinformatic Characterization of d -2-Hydroxyglutarate Dehydrogenase from 

Pseudomonas aeruginosa PAO1. Biochemistry. 59, 4833–4844 

4.  Quaye, J. A., and Gadda, G. (2022) Mechanism of metal activation in flavoproteins: A study on Pseudomonas aeruginosa D-2-

Hydroxyglutarate Dehydrogenase. Unpublished manuscript 
5.  Yang, J., Zhu, H., Zhang, T., and Ding, J. (2021) Structure, substrate specificity, and catalytic mechanism of human D-2-HGDH and 

insights into pathogenicity of disease-associated mutations. Cell Discovery. 10.1038/s41421-020-00227-0 
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Dinoflagellates are a diverse group of eukaryotic phytoplankton found in freshwater 

and marine environments. These microorganisms play an important role in the marine 

food chain by serving as the prey of mixo- and heterotrophic protists and 

metazoans.(1) However, under favorable growth conditions, dinoflagellate colonies can 

amplify yielding harmful algal blooms known as red tides, which negatively impact both the 

US and global economies.(2) Alarmingly, several taxa produce potent toxins, such as 

saxitoxins and brevetoxins, the causative agents of paralytic and neurotoxic shellfish 

poisoning, respectively.(3) Certain species of dinoflagellates also display bioluminescence 

using a pH-dependent enzyme system (comprised of a luciferin binding protein (LBP) and a 

dinoflagellate luciferase (LCF) enzyme) that is regulated via a circadian biological clock in 

which the phase is set by a rhythmic light-dark periodicity of day and night.(4) A key event 

in the circadian regulation of dinoflagellates is the enzymatic degradation of 

chlorophyll a (Chl a) to dinoflagellate luciferin (LH2), the light-emitting molecule in 

dinoflagellate bioluminescence.(5) However, the genes responsible for the breakdown of 

Chl a to LH2 are unknown. 

In this study, we utilized a combination of proteomic, metabolomic, biochemical, 

and biophysical approaches in order to identify and characterize the LH2 

biosynthetic enzymes and metabolic intermediates, which would help elucidate the 

biosynthetic pathway of LH2. This investigation may aid in the development of mechanism-

based inhibitors potentially able to mitigate the impacts of harmful algal blooms caused 

by dinoflagellates. 

 

 

This study was supported by the Chemistry of Life Processes (CLP) program of the 

National Science Foundation, NSF, (Grant Number: 1555138) 

 
1. Jeong, H. J., Yoo, Y. D., Kim, J. S., Seong, K. A., Kang, N. S., and Kim, T. H. (2010) Growth, Feeding and 

Ecological Roles of the mixotrophic and Heterotrophic Dinoflagellates in Marine Planktonic Food Webs, Ocean 

Science Journal 45, 65-91. 

2. Martin, D. F. and Martin, B. B. (1976) Red tide, red terror. Effects of red tide and related toxins, Journal of 

Chemical Education 53, 614-617. 

3. Wang, D.-Z. (2008) Neurotoxins from Marine Dinoflagellates: A Brief Review, Marine Drugs 6, 349-371. 

4. Morse, D. S., Fritz, L., and Hastings, J. W. (1990) What is the clock? Translational regulation of circadian 

bioluminescence, Trends in Biochemical Science 15, 262-265. 

5. Topalov, G. and Kishi, Y. (2001) Chlorophyll Catabolism Leading to the Skeleton of Dinoflagellate and Krill 

Luciferins: Hypothesis and Model Studies, Angewandte Chemie International Edition 40, 3892-3894. 
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The betaproteobacterial enzyme, 2,4’-dihydroxyacetophenone dioxygenase (DAD), 

is a non-heme iron-dependent enzyme catalyzing the oxidative cleavage of 2,4’-

dihydroxyacetophenone (DHA) between its two non-aromatic carbons. Some superficial 

similarities exist between DAD and acireductone dioxygenase, ARD’, of the methionine 

salvage pathway, including a shared cupin-2 domain structure, the dependence on a non-

heme iron center for the reaction, and cleavage of an aliphatic carbon-carbon bond. However, 

the oxidation state of these two enzymes differ – DAD functions with an iron(III) center 

while ARD’ requires an iron(II) center – supporting unique reaction mechanisms for these 

two enzymes. We have begun the work of elucidating the mechanism of the DAD reaction, 

recently showing the oxidation state of the resting enzyme and proposing a minimal kinetic 

model for the reaction that requires a DAD-DHA complex prior to O2 binding. We are 

continuing this work through three methods: 1) substrate structure-activity relationships; 2) 

single-turnover experiments using stopped-flow methods; and 3) DAD-DHA complex 

structure determination through X-ray diffraction techniques. The work presented here is our 

‘progress report’ on these projects. 
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The incorporation of fluorine has been shown to improve the biophysical and 

bioactive properties of several organic compounds. However, sustainable strategies of 

fluorination are needed. Fluorinases have the unique ability to catalyse a C-F bond, hence, 

have vast potential to be applied as biocatalysts in the preparation of fine chemicals. But 

fluorinases are extremely rare in nature with only five representatives isolated thus far. 

Moreover, the heterologous expression of fluorinases is challenged by low yields of soluble 

protein. This study describes the identification of a novel fluorinase from Actinopolyspora 

mzabensis. Overexpression of the Am-fluorinase in E. coli BL21 (DE3) resulted in the 

formation of inclusion bodies (IBs). The enzyme was recovered from IBs, solubilised in 8 

M urea, and successfully refolded into a biologically active form. Following hydrophobic 

interaction chromatography, >80 mg of the active fluorinase was obtained at a purity suitable 

for biocatalytic applications. An additional gel filtration step gave ≥ 95% pure Am-

fluorinase. Using LC-MS/MS, the optimal pH for activity was found at 7.2 while the optimal 

temperature was about 65°C. At these conditions, the enzyme exhibited an activity of 0.44 

U/mg. Furthermore, the Am-fluorinase showed exceptional stability at 25°C. Preliminary 

results suggest that the newly identified Am-fluorinase is thermostable.  
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Protein Arginine Methyltransferase (PRMT) is a mammalian enzyme that catalyzes the 

methylation of arginine residues in a polypeptide chain. PRMTs are categorized as Type I, 

II, or III. The methylation can occur as asymmetric dimethylation (ADMA; PRMT 1, 3, 4, 

6, and 8), symmetric dimethylation (SDMA; PRMT 7, 5 and 9) or monomethylation (MMA; 

PRMT 7). PRMT1 generates ADMA on arginine residues of the Histone 4 tail, which can 

lead to transcription of cancer-related genes. Alternatively, PRMT5 can modify the same 

arginine residue to produce SDMA, which represses the development of those same cancer-

related genes. A better understanding of the substrate specificity of these enzymes can assist 

in the development of novel pharmaceuticals. To identify these differences, we synthesized 

a 96-well plate of peptides displayed on resin that are based on the Histone H4 N-terminal 

tail and incorporate standard amino acids or common amino acid derivatives using standard 

Fmoc peptide synthesis. The peptide library was screened against PRMT1 using a previously 

developed screening method that produces a blue precipitate on the beads. In total, 13 “hit” 

compounds were identified as potential substrates based on the amount of blue precipitate 

on the beads. Instead of synthesizing each individual “hit” compound, we identified the top 

4 consensus sequences, which were synthesized by solid phase peptide synthesis and purified 

before being validated as PRMT1 substrates. The peptides were validated as substrates for 

PRMT1 using the MTase-GloTM Methyltransferase Assay. The kinetic values confirmed 

these were excellent substrates for PRMT1 with high kcat/Km values. Further investigations 

will be conducted to identify any differences in substrate specificity between PRMT1 and 5. 

These results help to further define the role these enzymes play in the onset and survival of 

cancer, while helping to direct the development of novel pharmaceuticals to battle this 

disease. 

 

 
I. Mann, Sarah A.; Salsburg, Andrew; Causey, Corey P.; Knuckley, Bryan; The development 

and characterization of a chemical probe targeting PRMT1. Bioorganic & Medicinal 

Chemistry. 2019;27(1):224-229.  

II. Nguyen, Hao C.; Wang, Min; Salsburg, Andrew; Knuckley, Bryan; Development of a Plate-

Based Screening Assay to Investigate the Substrate Specificity of the PRMT Family of 

Enzymes; ACS Combinatorial Science. 2015 17(9):500-505 
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Serine proteases utilize a catalytic triad in cleaving peptide bonds. These enzymes 

perform multiple functions, such as, the digestion of proteins by trypsin and chymotrypsin 

and the cleavage of fibrinogen in blood clotting by thrombin. Members of the chymotrypsin 

family have maintained very similar active sites despite their separate roles and different 

substrate specificities. 

 In earlier work, we performed geometric analyses of high-quality PDB files for 

trypsin and chymotrypsin complexes with protein inhibitors. Those analyses identified 

focused pathways of atomic orbitals in each system.  The pathways were found specifically 

in the bound strand of the inhibitors and in the enzyme segments that include the catalytic 

triad residues.  We believe the pathways assist in the functional movement of electron density 

during proteolysis. The movement of electron density by through-strand electronics could 

be an important factor in the efficiency of peptide bond cleavage.    

A similar analysis of natural thrombin complexes now shows such orbital pathways as 

well. Thrombin, chymotrypsin, and trypsin share similar mean torsional values in these 

pathways with few outliers. We are suggesting that another aspect of enzyme character exists 

in the function of aligned orbitals to allow for optimal efficiency of substrate cleavage. The 

purposes of this study are to better understand the geometric relationships between serine 

family proteases as well as enzyme mechanism itself at a fundamental level.  

 
Fan, Y.-H.; Grégoire, C.-A.; & Haseltine, J. (2004). Intramolecular orbital alignments in serine protease/protein 

inhibitor complexes. Bioorganic & Medicinal Chemistry, 12(11), 3097–3106. 

https://doi.org/10.1016/j.bmc.2004.02.044  

Kim, J.; Haseltine, J. (unpublished results). 

Haseltine, J.; & Runyon, J. W. (2010). Structure dependence in the solvolysis kinetics of amino acid esters. 

Tetrahedron Letters, 51(25), 3280–3283. https://doi.org/10.1016/j.tetlet.2010.04.063  
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Cytochrome P450 (P450) 17A1 plays an important role in the biosynthesis of steroids 

in humans. P450 17A1 catalyzes 17a-hydroxylation of pregnenolone and progesterone as 

well as the cleavage of the 17,20 C-C bond, the so-called lyase reaction with 17a-

hydroxylated steroids to produce androgens (Scheme 1). Clinically, the catalytic activity of 

P450 17A1 is a drug target for the treatment of prostate cancer, and some drugs (e.g., 

abiraterone) and drug candidates have been developed as P450 17A1 inhibitors. A potential 

problem of these inhibitors is that they do not selectively inhibit the two reactions performed 

by P450 17A1, which means that the generation of the 17a-hydroxylated steroids, precursors 

of mineralocorticoids and glucocorticoids, are also inhibited. 

Another accessory hemeprotein, cytochrome b5 (b5), has been shown to stimulate the 

catalytic activity of some mammalian P450s, especially the lyase reaction by P450 17A1. 

However, the basis of this b5 function has not been understood well. Recently, we have 

reported the development of a novel fluorophore-conjugated T70C mutant b5 (Alexa 488-

T70C-b5) to study the interaction between b5 and P450s.1,2 This enabled us to visualize the 

protein-protein interaction by attenuating the fluorescence intensity. Although it was a strong 

tool for the visualization purpose, a proteomic analysis suggested that amino acid residues 

other than Cys70 might also have the fluorophore.   

In this study, for the purpose of optimizing the fluorophore-conjugated mutant b5, we report 

Alexa-488 labeled K33C b5 (Alexa 488-K33C-b5) for the analysis of P450 17A1-b5 

interaction. The fluorescence titration assay showed that the Alexa 488-K33C-b5 induced 

greater fluorescence attenuation than the Alexa 488-T70C-b5 with a low-nanomolar Kd. 

Further work on mutant b5 will be discussed here. 

 
Scheme 1. Reactions catalyzed by P450 17A1. 

 
1.  Kim, D., Kim, V., McCarty, K. D., and Guengerich, F. P. (2021) Tight binding of cytochrome b5 

to cytochrome P450 17A1 is a critical feature of stimulation of C21 steroid lyase activity and 

androgen synthesis. J. Biol. Chem. 296, 100571 

2.  Kim, D., Kim, V., Tateishi, Y., and Guengerich, F. P. (2021) Cytochrome b5 binds tightly to 

several human cytochrome P450 enzymes. Drug Metab. Dispos. 49, 902–909 
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Many methanogenic archaea synthesize Nε-acetyl-β-lysine and/or β-glutamate as 

osmolytes that allow survival in high salinity environments. Methanococcus maripaludis C7 

contains two genes, MmarC7_0106 and MmarC7_1783, encoding radical S-

adenosylmethionine (SAM) enzymes with sequence similarity to lysine-2,3-aminomutase 

(KAM). MmarC7_0106 is immediately upstream of an acetyltransferase and was expected 

to be the KAM involved in the biosynthesis of Nε-acetyl-β-lysine. To confirm this, the gene 

was cloned and expressed with a hexahistidine tag in E. coli, followed by anaerobic 

purification and biochemical characterization. Although the bacterial KAMs involved in 

lysine degradation in Clostridium subterminale and a post-translational modification of 

elongation factor P in E. coli have been well-characterized, the archaeal KAM involved in 

compatible solute biosynthesis had never been studied in vitro before. In the presence of L-

lysine, SAM, and dithionite at 37°C, this archaeal KAM had a kcat = 0.42 s-1 and a Km = 17.8 

mM. The product was shown to be 3(S)-β-lysine, which is like the well-characterized 

Clostridium KAM as opposed to the E. coli KAM that produces 3(R)-β-lysine. The archaeal 

KAM was highly specific for L-lysine, with no activity observed with D-lysine or most other 

amino acids. However, low aminomutase activity was observed with L-arginine. We further 

report the function of MmarC7_1783, a putative radical SAM aminomutase with a ~160 

amino acid extension at its N-terminus. Bioinformatic analysis of possible substrate binding 

residues suggested a function as glutamate-2,3-aminomutase, which was confirmed here 

through heterologous expression in a methanogen followed by detection of β-glutamate in 

cell extracts. Finally, we investigated the differences in amino acid compatible solute usage 

amongst M. maripaludis C7 (contains both aminomutase genes) and M. maripaludis S2 

(contains only the canonical KAM gene) in different salt concentrations. Taken together, this 

work defines the biosynthetic routes for β-amino acids in methanogenic archaea and expands 

the importance and diversity of radical SAM enzymes in all domains of life. 
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MitoNEET is a small mitochondrial enzyme that has been implicated in diabetes, 

cancer, and other metabolic diseases. MitoNEET was first discovered due to its binding 

affinity to pioglitazone. Subsequent studies demonstrated that pioglitazone stabilized the Fe-

S clusters and reduced Fe-S cluster transfer from mitoNEET to a partner protein. However, 

the inhibition mechanism is unknown. One hypothesis is that pioglitazone disrupts protein-

protein interactions that are necessary for the cluster transfer process to happen efficiently. 

A preliminary step towards investigating the inhibition mechanism is determining the ligand 

binding dissociation constant. Tryptophan fluorescence is sensitive to ligand binding and 

was used to measure the fraction of protein bound to pioglitazone. The dissociation constant 

was determined from the fluorescence titration. The experimental value is on the same order 

of magnitude as has been previously reported from computational modeling of other ligands 

bound to mitoNEET. Additional experiments using mutagenesis will focus on identifying 

which amino acid residues are important for ligand binding and protein-protein interactions.  
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Hydrophobic cores are fundamental structural properties of proteins that are typically associated 

with protein folding and stability, but their roles in shaping protein evolution and function are not well 

understood. Here, we demonstrate a functional role for the hydrophobic core in fold-A 

glycosyltransferases (GT-As), a large superfamily of enzymes that use a conserved structural scaffold to 

catalyze diverse glycosidic linkages. All GTs can be categorized by catalytic mechanism: whether they 

“invert” or “retain” the stereochemistry of the glycosidic bond. We show that the GT-A core evolved from 

an ancestral phosphate binding cassette (PBC) present in diverse nucleotide phosphate binding proteins 

such as pyrophosphorylases. GT-As diverged from these nucleotide binding proteins through the unique 

tethering of the PBC to the F-helix, which harbors the catalytic base aspartate (xED). We find that 

sequence and structural variation in this tether is a major contributing factor in the evolution of GT-A 

catalytic mechanisms and functional specialization. Mutational analysis of the tether in b-1,3-N-

acetylglucosaminyltransferase (B3GNT2) combined with molecular dynamics simulations suggest 

allosteric control of catalytic base flexibility, through variations in the hydrophobic core, provides a 

structural framework for multiple independent evolutions of the inverting and retaining mechanisms. Our 

studies support a model of GT-A modular evolution in which malleable extension of the PBC through 

hydrophobic tethering and subsequent addition of variable loops contributed to the functional diversity 

observed in extant GT-A fold enzymes.  

 
This study was supported by funding from the NIH from grants R35 GM139656 (N.K.) and R01 GM130915 

(K.W.M. and N.K.). 
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Heme-dependent aromatic oxygenase (HDAO) is a newly established enzyme 

superfamily that comprises both monooxygenases and dioxygenases employing histidyl-

ligated heme cofactors to transform tyrosine- and tryptophan-based metabolites.1 

Tryptophan 2,3-dioxygenase and indoleamine 2,3-dioxygenase are the only dioxygenase 

members in the superfamily and have been extensively studied, while the monooxygenases 

are only emerged in the recent years. In general, structure-function correlations and the 

catalytic mechanisms of the histidyl-ligated heme-dependent monooxygenases are less 

understood. To fill the knowledge gap, a representative monooxygenase, tyrosine 

hydroxylase (TyrH), was mechanistically and structurally characterized. As revealed by 

mechanistic probes and mutagenesis studies, substrate phenol and an active site base play 

key roles in catalysis.2,3 In the presence of substrate analogs, isotope labeling experiments 

suggest the loss of substrate aromaticity at an intermediary state,2 which is consistent with 

the peroxidase-like activity found prior to the oxygenation. Furthermore, an unexpected dual 

reactivity of C-H and C-F bond cleavage was discovered in TyrH when confronted with a 

fluorinated analog,2 which results from two substrate-binding orientations in the active site.3 

With the aid of significantly slowed in crystallo reactions, a heme-bound ferric hydroperoxo 

intermediate and a heme-bound dopaquinone intermediate were proposed to populate on the 

catalytic pathways of C-F and C-H bond cleavage, respectively.2 Such intermediates in 

action are unprecedented in heme systems. This presentation will discuss the experimental 

evidence for these reactive intermediates and the molecular rationale on how a single O-

atom, rather than two, is transferred to the substrate to functionalize the C-H and C-F bonds. 

 
4. Shin I, Wang Y, and Liu A. A new regime of heme-dependent aromatic oxygenase superfamily. Proc. Natl. Acad. Sci. 

U.S.A. 2021, 118(43), e2106561118. (DOI: 10.1073/pnas.2106561118)  

5. Wang Y, Davis I, Shin I, Wherritt DJ, Griffith WP, Dornevil K, Colabroy KL, and Liu A. Biocatalytic carbon-

hydrogen and carbon-fluorine bond cleavage through hydroxylation promoted by a histidyl-ligated heme enzyme. ACS 

Catal. 2019, 9(6), 4764-4776. (DOI: 10.1021/acscatal.9b00231) 

6. Wang Y, Davis I, Shin I, Xu H, and Liu A. Molecular rationale for partitioning between C-H and C-F bond activation 

in heme-dependent tyrosine hydroxylase. J. Am. Chem. Soc. 2021, 143(12), 4680-4693 (DOI: 10.1021/jacs.1c00175) 
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The coronavirus pandemic has ignited research worldwide to better understand how 

to respond to emerging health threats. COVID-19 is the disease caused by SARS-CoV-2, a 

novel coronavirus that emerged in 2019 from a family of viruses that the world of research 

and medicine has seen before (1). Its close cousins SARS-CoV and MERS plagued the world 

in 2002 and 2012, respectively (1). While the data presenting the statistics of vaccination 

campaigns worldwide is promising, the emergence of SARS-CoV-2 variants due to the lack 

of vaccine availability and the rise of anti-vaccination movements highlight the need for anti-

viral therapeutics. One such therapeutic target is the viral protein Nsp15, an 

endoribonuclease that is conserved across all coronaviruses (2). Nsp15 helps regulate the 

amount of SARS-CoV-2 RNA within infected cells by cleaving viral RNA 3’ of uridines, 

such as within the poly U stretch at the 5’ end of the negative strand of SARS-CoV-2 (3). 

This allows the virus to evade triggering an immune response and helps hide the virus from 

host dsRNA pattern recognition receptors, such as MDA5 (4). With knowledge of new viral 

variants emerging, it is important to study how Nsp15 has evolved over the pandemic. In 

combination with previous structural data, bioinformatics analyses of 1.9+ million SARS-

CoV-2 sequences revealed several mutations across Nsp15's three structured domains. These 

Nsp15 variants were characterized biochemically, and their enzymatic activity was 

compared to wild type Nsp15. We found that mutations to important catalytic residues 

decreased cleavage activity, while variants with higher prevalence largely showed either 

increased activity or no change. Overall, our work is helping to establish how Nsp15 has 

evolved during the course of the pandemic.  

 

This work was supported by the US National Institutes of Health Intramural Research Program; 

US National Institute of Environmental Health Sciences (NIEHS). This work was also supported by the 

NIH Intramural Targeted Anti-COVID-19 (ITAC) Program funded by the National Institute of Allergy 

and Infectious Diseases (NIAID). 
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A suicide Mn-dependent oxygenase in p-aminobenzoate biosynthesis in Chlamydia 

trachomatis 

Rowan S. Wooldridge, Andrew Pedraza, and Kylie D. Allen 
Department of Biochemistry Virginia Tech, Blacksburg, VA 24060 

 

Folate is an essential cofactor required for several processes including DNA and 

amino acid biosynthesis. Folate molecules are made up of three parts: a pteridine ring, p-

aminobenzoate (pABA), and a variable number of glutamate residues. Chlamydia 

trachomatis synthesizes folate de novo; however, several genes encoding enzymes required 

for the canonical folate biosynthesis pathway are missing, including pabA/B and pabC, 

which are normally required for pABA biosynthesis from chorismate (1). Previous studies 

have found that a single gene in C. trachomatis, CT610, functionally replaces the canonical 

pABA biosynthesis genes. Interestingly, CT610 does not use chorismate as a substrate (2,3). 

Instead, the CT610-route for pABA biosynthesis incorporates isotopically labeled tyrosine 

into the synthesized pABA molecule. However, in vitro experiments revealed that CT610 

produces pABA without any added substrates (including tyrosine) in the presence of a 

reducing agent and molecular oxygen. CT610 shares low sequence similarity to non-heme 

diiron oxygenases and the previously solved crystal structure revealed a diiron active site (3). 

Taken together, CT610 is proposed to be a self-sacrificing “suicide” enzyme that uses one 

of its active site tyrosine residues as a precursor to pABA in a reaction that requires O2 and 

a reduced metallocofactor. Here, we discuss our recent progress towards understanding 

CT610-catalyzed pABA synthesis. We have investigated the difference in the pABA 

production and oxygenase activities of several active site tyrosine to phenylalanine variants 

that we propose are possible precursors to the pABA produced by CT610 and found that Y27 

and Y43 are the most likely precursors to the resulting pABA molecule. Further, we 

developed an in vitro Fe(II) reconstitution procedure, where the reconstituted enzyme 

exhibits a drastic increase in oxygenase activity but, surprisingly, a significant decrease in 

pABA synthase activity. Finally, we show a significant increase in pABA synthase activity 

when the enzyme is reconstituted with manganese as opposed to iron, suggesting that the 

diiron active site of this enzyme might not be directly involved in CT610-dependent 

production of pABA and instead Mn is essential for this reaction to occur.  

 
1. de Crecy-Lagard V, El Yacoubi B, de la Garza RD, Noiriel A, Hanson AD. 2007. Comparative 

genomics of bacterial and plant folate synthesis and salvage: predictions and validations. BMC 

Genomics 8:245. 

2. Adams NE, Thiaville JJ, Proestos J, Juarez-Vazquez AL, McCoy AJ, Barona-Gomez F, Iwata-

Reuyl D, de Crecy-Lagard V, Maurelli AT. 2014. Promiscuous and adaptable enzymes fill 

"holes" in the tetrahydrofolate pathway in Chlamydia species. MBio 5:e01378-14. 

3. Macias-Orihuela Y, Cast T, Crawford I, Brandecker KJ, Thiaville JJ, Murzin AG, de Crécy-

Lagard V, White RH, Allen KD. 2020. An Unusual Route for p-Aminobenzoate Biosynthesis in 

Chlamydia trachomatis Involves a Probable Self-Sacrificing Diiron Oxygenase. Journal of 

Bacteriology 202  
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Abstract:  

 

Investigation of protein complexes involved in the activation   of methyl-coenzyme m 

reductase. 

Shadi Yavari and  Dr. Evert Duin,  
Chemistry Department, Auburn University, Auburn, Al 

 

Methyl-coenzyme M reductase (MCR) is a key enzyme of Methanogens that 

catalyzes the production or consumption of methane. MCR contains a nickel tetrapyrrole 

cofactor (coenzyme F430) which has a crucial role in catalysis. The enzyme is only active 

when its cofactor is in the Ni (I) state and it is extremely oxygen-sensitive. Therefore, the 

activity is quickly lost without special precautions. Until now, the details on how MCR gets 

activated intracellularly are not clear. In vivo activation of MCR involves two components 

A2 and an iron-sulfur containing a large complex named A3a. Native A3a from 

Methanothermobacter marburgensis was purified and its subunits were characterized. It was 

proposed that there is a core of activating proteins that include McrC, iron-sulfur 

flavoprotein, Mmp7 (methanogenesis marker protein 7), component A2, and ATP binding 

protein. Each gene from Methanococcus Maripaludis was cloned and expressed 

homologously in Methanococcus maripaludis. Not surprisingly, additional protein bands 

were detected on SDS-PAGE. It is assumed that the additional bands are probably due to the 

direct interactions of recombinant protein with other proteins involved in the MCR 

activation. Expression of all five proteins and characterization of all additional bands 

provided a more complete picture of the essential activating proteins that up until now have 

been overlooked. 
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A non-functional halogenase masquerades as an aromatizing dehydratase in 

biosynthesis of pyrrolic polyketides by type I polyketide synthases 

 
Dongqi Yi‡ and Vinayak Agarwal‡§ 

‡School of Chemistry and Biochemistry, and §School of Biological Sciences, Georgia Institute of Technology, 

Atlanta, GA 30332 

 

The multimodular assembly line type I 

polyketide synthases (PKSs) typically 

furnish nonaromatic natural products. In 

contrast, the production of aromatic 

polyketides is attributed to the iterative 

bacterial type II and fungal non-reducing 

PKSs (nrPKSs). The type II and nrPKSs 

harbor dedicated domains or partner with 

disassociated enzymes to aromatize 

polyketides; these domains and enzyme 

partners are absent in type I PKS enzymology. Here, by the complete in vitro enzymatic 

production of the polyketide antibiotic pyoluteorin, we describe the biosynthetic 

mechanism for the construction of an aromatic resorcylic ring derived from a type I 

PKS. We find that the pyoluteorin type I PKS does not produce an aromatic polyketide 

product, rather furnishing an alicyclic dihydrophloroglucinol that is later 

enzymatically dehydrated and aromatized. The aromatizing dehydratase is encoded in 

the pyoluteorin biosynthetic gene cluster (BGC), and its presence is conserved in other 

loci encoding production of pyrrolic polyketides. Sequence similarity and mutational 

analysis demonstrates that the overall structure and position of the active site for the 

aromatizing dehydratase is shared with flavin-dependent halogenases albeit with a loss 

in ability to perform redox catalysis. Our results add dehydrative aromatization to the 

catalog of post-polyketide extension tailoring of PKS-derived natural products which 

we demonstrate is critical for the antibiotic activity of pyoluteorin. 

 

This study was supported by grants from the National Institutes of Health (GM142882) and the National 

Science Foundation (CHE-2004030) to V.A. 
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