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Southeast Enzyme Conference Fund- 020183 
 
The Chemistry Department at Georgia State University is the lead organizer and founder of the Southeast 
Enzyme Conference.  This conference attracts students, research scientists and faculty members from colleges 
and universities throughout the southeastern region.   
 
With the assistance of the GSU Foundation, conference organizers are seeking charitable contributions to help 
sustain future conferences.  Gifts will be used to cover conference-related expenses such as speaker fees, public 
relations and marketing, material and supplies, awards and administrative costs.   
 
Please consider making a charitable, tax-deductible donation to help achieve the goal.   
 
 
                
Donor(s) name(s) – First, Middle, Last Name (s)  
 
                
Street Address      City    State  Zip 
 
                
Home Phone                                  Cell Phone                                             Preferred E-mail Address 
 
 

Outright Gift 
 

I/we would like to make a gift to the Georgia State University Foundation in the amount of  $   
_____ My check is enclosed.  ____  Charge my credit card upon receipt (see information below).  
 
*Please make checks payable to GSU Foundation 

 
 

Annual Pledge 
 
I/we would like to pledge a total of $ ______________ to the Georgia State University Foundation over a 
period of _____ month(s). 
 
Installment begin date:     __________________ 
 
Send payment reminders:   Annually _____  Semi-annually _____  Quarterly_____  
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        I authorize Georgia State University Foundation to charge my credit card. 
 
        I authorize Georgia State University Foundation to charge the first installment amount as indicated. Please send me 
pledge reminders for the remaining installments. 
 
For payment by credit card, please print name as it appears on the card:       
 
                
Credit Card Number    Expiration Date                     Security Code 
 
 
Donor (s) Signature:                 Date:     
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Schedule: 

Location:  Urban Life Building, Room 220: 
All Talks 15 min plus Q&A up to 20 min total! 

7:30-8:00 Breakfast 

8:00-8:10 Welcome and Introductory Remarks – Liz Howell, University of Tennessee, Knoxville 

Session 1 - Chair, Doug Goodwin, Auburn University, Auburn 

8:10-8:30 Corey Causey, University of North Florida, Jacksonville 
Probing Agmatine Deiminases:  Development of an Activity-based Protein Profiling Reagent 

8:30-8:50 Ellen Moomaw, Kennesaw State University, Kennesaw  
Membrane Inlet Mass Spectrometry Reveals that Ceriporiopsis subvermispora Bicupin Oxalate 
Oxidase is Reversibly Inhibited by Nitric Acid 

8:50-9:10 Kevin Francis, The University of Iowa, Iowa City  
Exploring the Evolution of Protein Dynamics in Dihydrofolate Reductase through the 
Temperature Dependence of Intrinsic Kinetic Isotope Effects 

9:10-9:30 Siqi Guan, The University of Alabama, Tuscaloosa  
Investigation of Conformational Dynamics in Mycobacterium tuberculosis Glucosyl-3-
phosphoglycerate Synthase by Hydrogen Deuterium Exchange Mass Spectrometry 

9:30-11:00 Poster Session 

Session 2 - Chair, Francesca Salvi, Georgia State University, Atlanta 

11:00-11:20 Joshua Schmidt, College of Charleston, Charleston  
Evaluation of Computationally-designed Enzymes by Comparison with Model Systems 

11:20-11:40 Cheryl Jones, Clemson University, Clemson  
A Tale of Two Histidines:  Elucidating the Mechanism of ADP-forming Acetyl-CoA Synthesis 
from Entamoeba histolytica 

11:40-12:00 Shalley Kudalkar, Vanderbilt University, Nashville 
AM-8138, an Arachidonic Acid Analog that Allosterically Potentiates Oxidation of 
Endocannabinoids by COX-2 

12:00-12:20 Xiaohong Tan, Carnegie Mellon University, Pittsburgh  
Aptamers Act as Thrombin Activator 

12:20-1:00 Lunchbox  
1:00-2:30 Poster Session 

Session 3 - Chair, Liz Howell, University of Tennessee, Knoxville 

2:30-3:30 Jeremy C. Smith, Oak Ridge National Laboratory, Oak Ridge  
Mad as Hatters:  Albert Einstein, Margaret Thatcher, IMAX and Mercury 

3:30-3:40 Concluding Remarks – Liz Howell, University of Tennessee, Knoxville 
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Probing Agmatine Deiminases: Development of an Activity-based Protein Profiling 
Reagent  

Andrew Thomson, Mikhail Marchenko, Bryan Knuckley, and Corey P. Causey 
Department of Chemistry, University of North Florida, Jacksonville, FL 32224 

 
Agmatine deiminases (AgDs) catalyse the hydrolytic conversion of agmatine into N-

carbomyl putresceine and ammonia. These enzymes are thought to play a role in the survival and 
proliferation of some pathogenic bacterial species. This putative role for AgDs in pathogenicity, 
coupled with the fact that humans do not encode an AgD enzyme, suggests these enzymes as 
potential therapeutic targets for the development of novel antibiotic agents.  Towards this end, 
we have designed and synthesized an activity-based protein profiling (ABPP) reagent that 
specifically targets and covalently modifies AgD enzymes.  This ABPP uses a scaffold similar in 
structure to agmatine, but replaces the guanidinium group with a chloro-acetamidine.  This 
reactive   ‘warhead’   covalently modifies the active site cysteine residue through alkylation,  
rendering the enzyme inactive.  In addition, the ABPP molecule also includes an alkyne moiety 
that facilitates the addition of a reporter tag to the modified enzyme via a ‘click’  reaction.  The 
current study focuses on labelling of the agmatine deinimase from S. mutans with both a 
fluorescent reporter tag that enables visual identification of the enzyme as well as a biotin tag 
that allows detection via western blot analysis.  The results from these studies show that the 
enzyme of interest is efficiently and selectively labelled by the ABPP even in complex protein 
mixtures.  This ABPP will be a useful tool to better understand the role of these enzymes in 
bacterial survival and will aid in the identification of novel inhibitors.      
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Membrane Inlet Mass Spectrometry Reveals that  Ceriporiopsis subvermispora  
Bicupin Oxalate Oxidase is Reversibly Inhibited By Nitric Oxide 

Ellen W. Moomaw‡, Chingkuang Tu#, and David N. Silverman#  
‡Department of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA 30144; #Department of 

Pharmacology and Therapeutics, University of Florida, Gainesville, FL 32610 
  
Membrane inlet mass spectrometry (MIMS) uses a semipermeable membrane as an inlet 

to a mass spectrometer for the measurement of the concentration of small uncharged molecules 
in solution [1]. We report here the use of MIMS to characterize the catalytic properties of oxalate 
oxidase (OxOx, E.C. 1.2.3.4) from Ceriporiopsis subvermispora (CsOxOx). Oxalate oxidase is a 
manganese dependent enzyme that catalyzes the oxygen-dependent oxidation of oxalate to 
carbon dioxide in a reaction that is coupled with the formation of hydrogen peroxide. CsOxOx is 
the first bicupin enzyme identified that catalyzes this reaction [2]. The MIMS method of 
measuring OxOx activity involves continuous, real-time detection of oxygen consumption and 
carbon dioxide production from the ion currents of their respective mass peaks. 13C2-oxalate is 
used to allow for accurate detection of 13CO2 (m/z 45) despite the presence of 12CO2. Steady-state 
kinetic constants determined by MIMS are comparable to those obtained by a continuous 
spectrophotometric assay in which H2O2 production is coupled to the horseradish peroxidase 
catalyzed oxidation of 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonic acid) [3].  Furthermore, 
we used the MIMS technique to determine that the presence of NO significantly decreases the 
activity of the CsOxOx with a KI of 0.58 ± 0.06 mM. The enzyme recovers activity when the NO 
is removed. The implications of these observations with respect to the proposed catalytic 
mechanism will be discussed. This work was supported by the National Science Foundation 
(MCB-1041912) to EWM. 

 
 
 
 
 

1. Johnson RC, Cooks RG, Allen TM, Cisper ME, Hemberger PH (2000) Membrane 
introduction mass spectrometry: trends and applications. Mass Spectrom Rev 19: 1-37. 

2. Escutia MR, Bowater L, Edwards A, Bottrill AR, Burrell MR, et al. (2005) Cloning and 
sequencing of two Ceriporiopsis subvermispora bicupin oxalate oxidase allelic isoforms: 
implications for the reaction specificity of oxalate oxidases and decarboxylases. Appl 
Environ Microbiol 71: 3608-3616. 

3. Requena L, Bornemann S (1999) Barley (Hordeum vulgare) oxalate oxidase is a manganese-
containing enzyme. Biochem J 343 Pt 1: 185-190. 
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Exploring the Evolution of Protein Dynamics in Dihydrofolate Reductase through 

the Temperature Dependence of Intrinsic Kinetic Isotope Effects 

Kevin Francis
‡
, and Amnon Kohen

‡
 

Department of Chemistry
‡
, The University of Iowa, Iowa City, IA 52245-1294 

 
The hydride transfer reaction catalyzed by dihydrofolate reductase (DHFR) is a model for 

examining how protein dynamics contribute to enzymatic function. The relationship between 
functional motions and enzyme evolution has attracted significant attention. Recent studies on 
N23PP Escherichia coli DHFR (ecDHFR) mutant, designed to resemble parts of the human 
enzyme, indicated a reduced single turnover rate. NMR relaxation dispersion experiments with 
that enzyme showed rigidification of millisecond M20 loop motions (1). A more recent study of 
this mutant, on the other hand, indicated that fast motions along the reaction coordinate are 
actually more dispersed than for wild-type ecDHFR (WT). Furthermore, a double mutant 
(N23PP/G51PEKN) that better mimics the human enzyme seems to restore both the single 
turnover rates and narrow distribution of fast dynamics (2). 

Here we measured intrinsic kinetic isotope effects for both N23PP and N23PP/G51PEKN 

double mutant DHFRs over a temperature range. The findings indicate that while the C-H→C 
transfer and dynamics along the reaction coordinate are impaired in the altered N23PP mutant, 
both seem to be restored in the N23PP/G51PEKN double mutant. This indicates that the 
evolution of G51PEKN, although remote from the M20 loop, alleviated the loop rigidification 
that would have been caused by N23PP, enabling WT-like H-tunneling. Phylogenetic analysis of 
233 DHFRs from 233 organisms, ranging from bacteria to human, indicated that the N23PP 
insertion was only introduced by evolution AFTER the G51PEKN insertion. The correlation 

between the calculated dynamics, the nature of C-H→C transfer, and a phylogenetic analysis of 
DHFR sequences are consistent with evolutionary preservation of the protein dynamics to enable 
H-tunneling from well-reorganized active sites. Comparative measurements of human DHFR are 
currently underway (3). 

 
 

1. Bhabha, G., Lee, J., Ekiert, D. C., Gam, J., Wilson, I. A., Dyson, H. J., Benkovic, S. J., 
and Wright, P. E. (2011) A dynamic knockout reveals that conformational fluctuations 
influence the chemical step of enzyme catalysis, Science 332, 234. 

2. Liu, C. T., Hanoian, P., French, J. P., Pringle, T. H., Hammes-Schiffer, S., and Benkovic, 
S. J. (2013) Functional Significance of Evolving Protein Sequence in Dihydrofolate 
Reductase from Bacteria to Human, Proc. Natl. Acad. Sci. U.S.A. 110, 10159 

3. Francis, K., Stojkovic, V., and Kohen, A. (2013) Preservation of Protein Dynamics in 
Dihydrofolate Reductase Evolution, J. Biol. Chem. 288, 35961. 
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Investigation of Conformational Dynamics in Mycobacterium tuberculosis Glucosyl-3-
phosphoglycerate Synthase by Hydrogen Deuterium Exchange Mass Spectrometry 

Siqi Guan , and Patrick Frantom 

Department of Chemistry, The University of Alabama, Tuscaloosa, AL 35401 

 

Tuberculosis is a common and infectious disease caused by various strains of 
mycobacteria. The products of the unique biosynthetic pathways of mycobacteria have become 
the target of new treatments, since they are essential to the growth of mycobacteria. One class of 
important products are 6-O-methylglucose lipopolysaccharides (MGLP). Glucosyl-3-
phosphoglycerate synthase (GpgS) catalyzes the formation of glucosylglycerate which is the 
putative precursor for MGLP synthesis. GpgS utilizes 3-phosphoglycerate (3PGA) as a glucose 
acceptor, UDP-glucose (UDPG) as a glucose donor, and is strictly dependent on Mg2+ for 
catalytic activity. The crystal structure of GpgS has been reported and little change is observed 
upon substrate binding. In order to understand changes in dynamics of GpgS upon substrate 
binding, amide hydrogen-deuterium exchange mass spectrometry was used to investigate its 
internal motions. The exchange rate of backbone amide hydrogen for deuterium is related to 
protein secondary structure, solvent accessibility, and backbone flexibility. The results suggest 
that GpgS has conformational changes on substrate binding, mainly in flexible loops around the 
active site. The peptides found in the active site tend to have lower solvent accessibility and 
decreasing dynamics due to the hydrogen bonds or other interactions between residues and the 
substrates. Analysis of the 3PGA-GpgS complex shows that active site residues responsible for 
binding both UDPG and 3PGA have conformational changes, confirming the competitive 
mechanism of 3PGA substrate inhibition versus UDPG. Our results also disagree with the 
previously published kinetic mechanism that 3PGA only binds to GpgS after UDP-glucose. 
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Evaluation of computationally-designed enzymes by comparison with model systems 
 

Joshua Schmidt and Marcello Forconi 
Department of Chemistry and Biochemistry, College of Charleston, Charleston, SC 29424  

 
De-novo computational design of enzymes represents an exciting new avenue in 

enzymology, with an extraordinary potential to lead to important advancements in fields such as 
bioremediation of pollutants and enzyme-mediated synthesis of drugs. To date, only three 
computationally-designed enzymes (CDEs) have been successfully implemented: a retroaldolase 
(RA), a Kemp eliminase (KE), and a Diels-Alderase (DA). However, these enzymes use 
relatively hydrophobic substrates, and their rate constants are only 2-5 orders of magnitude faster 
than those of the uncatalyzed reactions in aqueous solution (1). These observations suggested 
that non-specific interactions, rather than specific interactions, might be operative in the CDEs. 

To provide a benchmark for the role of non-specific interactions in the reaction catalyzed 
by the RA, we have studied the retroaldol reaction of methodol in the presence of micelles and 
long-chain amines. We found that the combination of cetyltrimethylammonium chloride (CTAC) 
and dodecylamine enhances this reaction by four orders of magnitude (2). The same rate 
enhancement was observed with bovine serum albumin (BSA) and with a mutant version of the 
cellular retinoic acid binding protein II (CRABPII). These results, coupled with previous 
functional studies of a particular RA in the Herschlag lab (3), strongly suggest that non-specific 
interactions are used by this CDE and that other factors such as pKa shift of the catalytic lysine 
and positioning of additional residues do not play a significant role in catalysis.  

We have recently extended this analysis to the Kemp elimination. Akin to what 
previously observed for the retroaldol reaction, micelles of CTAC, in combination with a long-
chain phosphate or carboxylate, accelerate the Kemp elimination of 4-nitrobenzisoxazole by four 
orders of magnitude. Additional results from our lab strongly suggest that proteins with a 
carboxylate group in a hydrophobic environment are also able to catalyze the Kemp elimination 
to the same extent.  

Collectively, our and prior results strongly imply that non-specific hydrophobic pockets 
containing a lysine or a carboxylate residue can accelerate the retroaldol or the Kemp elimination 
reactions, respectively, to levels very similar to those of the CDEs. Thus, at least for these two 
reactions, the computational design might not have captured the essence of enzymatic catalysis.  

 
 

1. Kries, H.; Blomberg, R.; Hilvert, D. (2013) De novo enzymes by computational design, Curr. 
Opin. Chem. Biol. 17, 221.  

2. Schmidt, J.; Ehasz, C.; Epperson, M.; Klas, K.; Wyatt, J.; Hennig, M.; Forconi, M. (2013) 
The effect of the hydrophobic environment on the retro-aldol reaction: comparison to a 
computationally-designed enzyme, Org. Biomol. Chem. 11, 8419. 

3. Lassila, J.K.; Baker, D.; Herschlag, D. (2010) Origins of catalysis by computationally 
designed retroaldolase enzymes, Proc. Natl. Acad. Sci. U.S.A. 107, 4937 
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A"Tale"of"Two"Histidines:"Elucidating"the"Mechanism"of"ADP:forming""
Acetyl:CoA"Synthetase"from"Entamoeba)histolytica)

)

Cheryl'P.'Jones‡,'Kerry'S.'Smith‡,'and'Cheryl'Ingram8Smith‡ 
'

‡Department)of)Genetics)and)Biochemistry)and)Eukaryotic)Pathogens)Innovation)Center, 
Clemson)University,)Clemson,)SC)29634)

)
) ADP-forming acetyl-CoA synthetase (ACD; Acetate:CoA ligase (ADP-forming) [EC 6.2.1.13]) is 
an acetate thiokinase that catalyzes the conversion of acetyl-CoA to acetate to generate ATP via substrate 
level phosphorylation. ACD activity was first discovered in cell extracts from Entamoeba histolytica 
(Reeves et al., 1977), the etiological agent of amoebic dysentery and liver abscess in humans. ACD has 
since been identified in a limited number of microbes, including certain other parasitic protozoans, several 
archaea, and one bacterium. E. histolytica is an amitochondriate that lacks many typical metabolic 
pathways, thus glycolysis and the degradation pathways of amino acids are the key pathways for ATP 
generation. Biochemical characterization of E. histolytica ACD (EhACD) suggests it could play an 
important role in conservation of energy by generating ATP in the conversion of acetyl-CoA, derived from 
the pyruvate product of glycolysis or from amino acid degradation, to acetate. Alternatively, ACD may 
function in the reverse direction for the utilization of acetate found in the colon during infection.  
 

A three-step reaction mechanism was initially proposed for ACD based on that of the well-studied 
succinyl-CoA synthetase (SCS) with which it shares high sequence similarity. However, Brasen et al. 
(2008) have proposed a second phosphoenzyme intermediate for ACD based on their studies with the 
Pyrococcus furiosus enzyme. In this mechanism, ACD is first phosphorylated on a His residue [Hisα in Step 
2] that is completely conserved among all ACD and SCS sequences, and this phosphoryl group is then 
transferred to a second His residue [Hisβ in Step 3] that is conserved among ACDs but not in SCS. 

 

[1]    E + acetyl-CoA + Pi ! E·acetyl-P + CoA 
[2]    E·acetyl-P ! acetate + E-HisαP 
[3]    E-HisαP ! E-HisβP 
[4]    E-HisβP + ADP ! ATP + E 
 

We have kinetically characterized EhACD enzyme variants in which the putative sites of 
phosphorylation, His252 and His533 corresponding to Hisα and Hisβ in the P. furiosus mechanism, have been 
individually altered. Our results support a role for His252 as an essential phosphorylated residue, as the 
His252Ala variant is completely inactive. However, variants altered at His533 retain activity, albeit 
significantly reduced, suggesting that His533 is important but not essential. These results raise the possibility 
that phosphoryl transfer between His residues in Step 3 above is not required for EhACD. 
 
1. Bräsen, C., Schmidt, M., Grötzinger, J., and Schönheit, P. (2008) Reaction mechanism and 

structural model of ADP-forming Acetyl-CoA synthetase from the hyperthermophilic archaeon 
Pyrococcus furiosus: evidence for a second active site histidine residue: J. Biol. Chem. 283,  
15409-18. 

 
2. Reeves, R. E., Warren, L. G., Susskind, B., and Lo, H. S. (1977) An energy-conserving pyruvate-

to-acetate pathway in Entamoeba histolytica. Pyruvate synthase and a new acetate thiokinase: J. 
Biol. Chem. 252, 726-31. 
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AM-8138, an Arachidonic Acid Analog that Allosterically Potentiates Oxidation of 
Endocannabinoids by COX-2 
Shalley N Kudalkar‡§, Spyridon Nikasa, Alex Makriyannisa and Lawrence J. Marnett‡§*#

⊥ 
‡A.B. Hancock Jr. Memorial Laboratory for Cancer Research, Departments of §Biochemistry, *Chemistry, 
and #Pharmacology, Vanderbilt Institute of Chemical Biology, Vanderbilt Center in Molecular Toxicology, 

Vanderbilt-Ingram Cancer Center, Vanderbilt University School of Medicine, Nashville TN 37232; a 
Department of Pharmaceutical Sciences, Northeastern University, Boston, MA 02115 

 
Cyclooxygenase-2 (COX-2) is a homodimeric enzyme that catalyzes the 

oxidation of arachidonic acid (AA) in the committed step of prostaglandin (PGs) 
biosynthesis. COX-2 also oxygenates the endocannabinoids 2-arachidonyl glycerol (2-
AG) and arachidonoyl ethanolamide (AEA) to their respective prostaglandins, albeit with 
decreased efficiency. Here we tested various AA, 2-AG and AEA analogs as potential 
substrates, inhibitors, and potentiators of COX-2.  None of the analogs were oxidized by 
COX-2, however a few weakly inhibited the ability of COX-2 to oxidize either AA or 2-
AG. AM-8138, an AA analog with a methyl group at carbon-13 position, significantly 
increased the oxidation of 2-AG by increasing both Vmax and KM with little to no effect on 
AA oxidation. The kinetic data suggests that AM-8138 might be potentiating 2-AG 
oxidation by allosteric regulation. This observation was further supported when the 
inhibition of 2-AG oxidation by weak reversible inhibitors, such as R-flurbiprofen, was 
reversed in the presence of AM-8138. Also, the presence of AM-8138 blocked the 
inhibition of AA or 2-AG oxidation by time-dependent inhibitors like indomethacin. 
Additionally, the activity of COX-2 variants that were unable to oxidize 2-AG was fully 
recovered in the presence of AM-8138. Thus, we speculate that binding of AM-8138 to 
the allosteric site causes conformational changes to COX-2, which makes the catalytic 
site more conducive for 2-AG binding and enhances its oxidation by COX-2.  
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Aptamers Act as Thrombin Activator 

Xiaohong Tan*[a], Sourav Kumar Dey[a], Cheryl Telmer[b], Xiaoliang Zhang[a][c], Bruce A. 
Armitage*[a][b], Marcel P. Bruchez*[a][b] 

[a] Department of Chemistry and Center for Nucleic Acids Science and Technology, Carnegie Mellon 
University, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213, United States; [b] Department of Biological 
Sciences, Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213, United States; [c] 

School of Materials Science and Engineering, Beihang University, Beijing 100191, P.R. China. 
 

Thrombin is typically the target in anti-clotting therapy for many serious diseases such as 
heart attack and stroke. DNA aptamers are well-known thrombin inhibitors that prevent 
fibrinogen hydrolysis. We discovered, for the first time, that exosite-targeting anti-thrombin 
aptamers enhance the activity of thrombin toward a small peptide substrate, Sar(N-
Methylglycine)-Pro-Arg-paranitroanilide, and that the activation of the enzyme by these 
aptamers is strongly inhibited by their complementary DNAs. Our study reveals that treatment 
with mixed aptamers or with a dual aptamer construct exhibited a 8.6-fold or 7.8-fold 
enhancement in peptide hydrolysis relative to thrombin alone, a synergistic effect much higher 
than the activation observed with a monofunctional aptamer (1.5-fold for Apt27 or 2.7-fold for 
Apt15). In addition we first discovered that Apt27 is a biofunctional molecule to thrombin 
because of its activation effect. An enzyme kinetic study indicates that binding of aptamers to 
exosite I and II significantly activates thrombin towards the peptide substrate, illustrating that 
binding of aptamers to exosites can allosterically regulate the active site of thrombin. Our study 
suggests the necessity of considering possible side effects when DNA aptamers are used for 
clinical applications involving inhibition of thrombin-mediated clotting.  
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Mad as Hatters:  
Albert Einstein, Margaret Thatcher, IMAX and Mercury. 

 
Jeremy C. Smith, UT/ORNL Center for Molecular Biophysics and Dept. of Biochemistry 
and Cellular and Molecular Biology, University of Tennessee. 
 
The fate of mercury deposited in the environment depends on the molecular-level physical 
interactions and chemical reactions, mostly involving mercury interacting with water, 
various ligands, and enzymes.  Using the tools of molecular biophysics and computational 
chemistry we will examine several environmentally-important mercury transformations.  
Mercury (II) preferentially binds to thiol groups; we will examine why this is the case (the 
traditional explanation fails here). We will also outline how chemical concepts guided ar 
recent discovery of the bacterial enzymes responsible for producing toxic methylmercury in 
the environment. Finally, mechanisms used by enzymes to detoxify methylmercury in 
mercury-resistant bacteria will be explored. What a Swiss Patent Clerk, an Iron Lady and 
3D cinema have to do with this will be examined. 
 
Parks et al., Science 339 1332 (2013); Johs et al., J. Mol. Biol. 413 639 (2011); Guo et al J. Mol. Biol 398 555 
(2010); Parks et al., J. Am. Chem. Soc. 131, 13278 (2009); Zhou et al; Inorg. Chem. 53, 772 (2014); Riccardi 
et al, J. Phys. Chem. Letts., 4,  2317 (2013); J.  Chem. Theo.  Comp. 9 555 (2013) 
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Abstracts for Poster Presentations: 

The Poster Sessions will be held in the Atrium of the Urban Life Building. 

 

1. Ball, Jacob 
2. Bennett, Elizabeth H. 
3. Bhojane, Purva P. 
4. Birman, Yuliya 
5. Bui, Quan V.V. 
6. Cacan, Ercan 
7. Carter, E. Kathleen 
8. Casey, Ashley K. 
9. Causey, Corey P. 
10. Chuo, Shih-Wei 
11. Davis, Ian 
12. Dayal, Paritosh 
13. Dornevil, Kednerlin 
14. Duff, Michael 
15. Francis, Kevin 
16. Gannavaram, Swathi 
17. Guan, Siqi 
18. Han, Zhen 
19. Hernandez, Jennifer 
20. Hu, Hao 
21. Huo, Lu 
22. Jing, Xiaomin 
23. Johnson, Jordyn L. 
24. Jones, Cheryl P. 
25. Knuckley, Bryan 
26. Kudalkar, Shalley N. 
27. Kumar, Garima 
28. Kumar, Prashasti 
29. Li, Keqin Kathy 
30. Li, Lei 
31. Liu, Yunpeng 

32. Luan, Yepeng 
33. Major, Patrick 
34. Maynard, Karen 
35. Moomaw, Ellen W. 
36. Musila, Jonathan 
37. Ngo, Liza 
38. Ngo, Phong 
39. Njuma, Olive J. 
40. Ouedraogo, Daniel 
41. Owens, Victoria 
42. Park, Jonathan T. 
43. Phillips, Robert S. 
44. Qian, Kun 
45. Raval, Sherin R. 
46. Romero, Elvira 
47. Sachla, Ankita 
48. Salvi, Francesca 
49. Sangha, Amandeep K. 
50. Schmidt, Joshua 
51. Serpersu, Engin H. 
52. Smitherman, Crystal 
53. Sobrado, Pablo 
54. Su, Dan 
55. Talwai, Prem 
56. Tan, Xiaohong 
57. Tian, He 
58. Xu, Max Xiaojun 
59. Yan, Chunli 
60. Zhang, Mengnan 
61. Zhao, Guohui 
62. Zhou, Jing 
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pH Dependence, Chemical Modification, and Site-directed Mutagenesis of PaDADH: 
Implications for a Catalytic Base 

 
Jacob Ball‡, Swathi Gannavaram‡, and Giovanni Gadda‡§A† 

Departments of ‡Chemistry and §Biology, and AThe Centers for Biotechnology and Drug Design 
and †Diagnostics and Therapeutics, Georgia State University, Atlanta, GA 30302-3965 

5th Annual Southeast Enzyme Conference April 5th, 2014 
 
The FAD-dependent Pseudomonas aeruginosa D-arginine dehydrogenase (PaDADH) 

catalyzes the oxidative deamination of D-amino acids, which are non-enzymatically hydrolyzed 
to the corresponding 2-ketoacids and ammonia in solution. The enzyme demonstrates very broad 
substrate specificity, but long, cationic substrates display the highest kcat/Km values. The pH 
dependence of the steady-state kinetic parameters kcat and kcat/Km was examined with D-arginine 
and D-lysine as substrates, utilizing the previously published 1.06 Å resolution X-ray crystal 
structure in the interpretation of the pKa’s. An unprotonated group with an apparent pKa �����LV�
required for binding. An unprotonated group with apparent pKa value of ~6 acts as general base 
in the reaction. The kcat pH profile of D-lysine identifies an additional group with a pKa of 9.3, 
which upon deprotonation enhances the turnover rate by 150%. Treatment of the enzyme with 
diethylpyrocarbonate (DEPC) results in significant inactivation of the enzyme, although it can be 
fully and rapidly restored with the addition of hydroxylamine, implying the modification may 
occur at a histidyl residue. Furthermore, incubation of the enzyme with a competitive inhibitor 
(phenylguanidine) prior to DEPC modification offers 90% protection, consistent with the DEPC 
attack occurring in the active site. Thus, site-directed mutagenesis of His48, an active site residue 
bridged to the ligand amine via a two-molecule water network, is currently underway to evaluate 
the residue’s role in catalysis. 
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Pathogenic bacteria commonly require iron as a nutritional source for survival and 

virulence. As a result, bacteria have developed various strategies to obtain iron from the host, 
commonly in the form of heme. Although certain bacterial pathogens can synthesize heme, 
others take up heme as a means of survival and have developed various strategies utilizing the 
proteins located in their cellular membranes. Many of these pathogens are becoming increasingly 
antibiotic resistant. Characterization of such pathogenic heme transport systems may lead to 
antibiotic alternatives to treating these bacterial infections.   

HmuT, from Corynebacterium diphtheriae, is a heme binding protein which is part of a 
cellular membrane heme uptake system. The heme is ultimately transported from HmuT to an 
ABC-type transporter which delivers it to the intracellular environment to be degraded for 
cellular use. Sequence alignment studies of HmuT pointed to possible heme binding residues 
utilized during heme transfer. Homology modeling of the protein was consistent with these 
findings. Mutations of these potential heme axial ligands, as well as nearby residues, were 
performed and characterized via UV-visible, magnetic circular dichroism, and resonance Raman 
spectroscopies. Spectrophotometric pH titrations of the protein also aided in the identification of 
the heme axial ligands.  All together, these techniques suggest HmuT utilizes a unique axial 
ligand set. In addition to the identification of the axial ligands, heme reconstitution studies have 
been performed to further probe protein heme loading.  
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Osmolyte effects on ligand binding to FolM 
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Abstract 
 FolM, a pteridine reductase homolog in E.coli possesses weak dihydrofolate 
reductase (DHFR) activity. Studies with chromosomal (EcDHFR) and R-plasmid 
encoded (R67) DHFRs show that a weak interaction between osmolytes and 
substrate dihydrofolate (DHF) decreases DHF affinity towards enzymes.  To test 
whether the osmolyte-DHF interaction also interferes with DHF binding to FolM, 
ligand binding was monitored in the presence of osmolytes. FolM affinity for DHF was 
decreased by addition of osmolyte as measured by kcat/Km (DHF).  Additionally, binding 
of the antifolate drug, methotrexate, to FolM was weakened by osmolyte addition.  
The changes in binding affinity with water activity were unique for each osmolyte 
indicating preferential interaction between osmolyte and folate and its derivatives. 
Binding of the NADPH cofactor to FolM was monitored by isothermal titration 
calorimetry.  In the presence of betaine, the NADPH Kd decreased, consistent with 
dehydration effects as seen for other DHFRs.  However, other osmolytes did not 
tighten binding of NADPH. DMSO had no effect on the NADPH Kd while ethylene 
glycol and PEG400 weakened binding. These results indicate interactions between 
FolM and osmolytes that can weaken cofactor binding. Differential scanning 
calorimetry of FolM in the presence of osmolytes found that both DMSO and ethylene 
glycol decreased the stability of FolM, while betaine increased the stability of the 
protein.  These results suggest that some osmolytes can destabilize FolM by 
preferentially interacting with the protein.  Further, these weak interactions can 
impede ligand binding. 
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Charged Residues in the Active Site of Isopropylmalate Synthase in Mycobacterium 
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Isopropylmalate synthase from Mycobacterium tuberculosis (MtIPMS) catalyzes the first 

committed step in the biosynthesis of L-leucine. The enzyme catalyzes a Claisen-like 
FRQGHQVDWLRQ�UHDFWLRQ�EHWZHHQ�Į-NHWRLVRYDOHUDWH� �Į-KIV) and acetyl-CoA (AcCoA) to form an 
Į-isopropylmalyl-CoA intermediate. The intermediate is then hydrolyzed to form the products 
isopropylmalate and CoA. This hydrolysis reaction requires an unidentified enzymatic base that 
is located in the active site of MtIPMS. Structural comparisons and sequence alignments of 
IPMS from various species indicated several conserved residues (Q84, E317, R318, D289, and 
the semi-conserved R427) form a charged chain of interactions that may be important for 
catalysis. Site-directed mutagenesis was used to perform alanine scanning on each residue. 
Compared to the wild type enzyme, alanine substitutions for residues Q84 and R427 lowered the 
value of kcat/KM 100-to-10,000-fold. Those for E317, R318, and D289 were inactive, suggesting 
that these residues play an important role in catalysis. Site-directed mutagenesis was also 
implemented to determine whether modifying the charge or size of each residue would affect the 
charged chain of interactions. Substituting the neutral residues glutamine and asparagine for the 
negatively-charged residues E317 and D289, respectively, resulted in inactive enzyme variants. 
Substituting the smaller lysine for the residue R318 lowered the kcat/KAcCoA value 6-fold and 
kcat/KKIV value 500-fold. It was found the charge of the residues plays an important role in 
catalysis, but the size of the residues had little effect. 
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Nitronate monoxygenases (NMOs) are a group of FMN-dependent enzymes that share 
the ability to use oxygen to oxidize anionic alkyl nitronates. The potent toxin propionate-3-
nitronate (P3N) is the best substrate with a kcat/Km value of  ≥107 M-1s-1. Cases of poisoning due to 
P3N and its conjugate acid, 3-nitropropionic acid (3NPA), have been widely documented in both 
humans and livestock. Thus, NMOs are of interest for the environmental detoxification of the 
toxin(1). Two NMOs from the fungi Neurospora crassa and Cyberlindnera saturnus have been 
characterized in their biochemical and kinetic properties(2). An NMO from Pseudomonas sp. 
JS189 has been demonstrated to enable the bacterium to utilize P3N/3NPA in its natural habitat 
as a growth substrate(3). Recently, the x-ray crystallographic structure of another NMO from P. 
aeruginosa (PA4202) has been solved to a resolution of 1.43 Å (see F. Salvi's poster - this 
conference). The new structural information prompted us to investigate further the biochemical 
and kinetic properties of the bacterial NMO to establish structural-functional relationships. 

 
In this study, we report the purification and preliminary kinetic investigation of PA4202 

(i.e., PaNMO) to lay the groundwork for future mutagenesis studies aimed at the elucidation of 
the roles of select active site residues. The steady-state kinetic mechanism of PaNMO was 
determined by varying the concentrations of P3N and oxygen at pH 7.5 and 30 oC, establishing 
the formation of a ternary complex of the enzyme, P3N and oxygen in catalytic turnover. This is 
in agreement with the proposed kinetic mechanism of the fungal NMOs(2). Preliminary results 
using P3N or propyl-1-nitronate, which is a substrate analog devoid of the acetate moiety, 
suggest the importance of the latter for catalysis. 

 
This study was supported in part by NSF MCB-1121695 (GG). 
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biochemistry of the metabolic poison propionate 3-nitronate and its conjugate acid, 3-
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Activation of anti-tumor immune responses: Enhancing key radiation induced phenotypic 
changes by inhibition of the 26S proteasome  

Ercan Cacan, Anita Kumari, Charlie Garnett-Benson and Susanna F. Greer  
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University, Atlanta, GA 

Sub-lethal irradiation is a promising treatment to activate tumor-specific immune responses, 
making tumor cells more susceptible to T-cell-mediated immune attack. However, radiation 
treatment alone isn’t sufficient to generate strong immune responses. As inhibition of the 
ubiquitin-proteasome system is also a promising strategy of cancer therapy, a combination 
treatment of proteasome inhibition and irradiation may further induce activation of tumor-
specific immune responses. The objective of this study is to investigate the effects of the 26S 
proteasome inhibitor, bortezomib, alone or in combination with low-dose of radiation, on the 
expression of immunogenic genes in colorectal carcinoma cells. We examined two colorectal 
carcinoma cell lines (HCT116 and SW620) for changes in expression of multiple co-stimulatory 
molecules (OX40L and 41BBL) and death receptors (DR4, DR5 and CD95). Our results indicate 
a combination of 26S proteasome inhibition and sub-lethal radiation significantly upregulates 
cell surface expression of multiple death receptors and co-stimulatory molecules by increasing 
transcriptional activation of each gene. Thus, the combination treatment enhanced sensitivity to 
killing through FAS and TRAIL receptors by CD8+ T cells. Our data suggest that combining 
radiotherapy and proteasome inhibition may simultaneously enhance tumor immunogenicity and 
the induction of antitumor immunity by enhancing tumor-specific T-cell survival and activation. 
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Molecular Dynamics of the T4 Bacteriophage Clamp Loader in Various ATP Loaded 
States   

E Kathleen Carter and Ivaylo Ivanov 
Department of Chemistry, Georgia State University, Atlanta, GA 30302 

 
 Processivity clamps, such as eukaryotic Proliferating Cell Nuclear Antigen (PCNA), act 
as attachment sites for proteins involved in replication, cell-cycle control and DNA repair. These 
sliding clamps are composed of three subunits forming closed ring-shaped structures around 
DNA. This closed shape around DNA necessitates an activated mechanism to help in the loading 
processes. In eukaryotic cells, this is accomplished by the action of a clamp loader assembly, a 
multi-protein molecular machine that uses the energy of ATP binding and hydrolysis to open and 
reseal PCNA around DNA (1).  Replication factor C (RFC), a eukaryotic clamp loader, has been 
shown to assist PCNA in attaching to DNA. To further investigate this process, the T4 clamp 
loader system was simulated. It is desirable to model three states of activation of the clamp 
loader: 1) ATP loaded prior to hydrolysis 2) ADP loaded after all sites are hydrolyzed and 2) the 
clamp loader with all nucleic derivatives removed from the system. Using these structures, 
insight into the conformational changes at the interface that trigger clamp opening and closing 
can be investigated. The models were simulated with molecular dynamics (MD) in explicit 
solvent initially for 80 ns to expose the conformational dynamics of the systems. Classical MD 
was insufficient to achieve structural convergence; accelerated molecular dynamics was 
employed to accelerate convergence and generate production trajectories for further analysis.  
 

1. Indiani, C., and O'Donnell, M. (2006) Nature Reviews Molecular Cell Biology 7, 751-
761.! 
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The$Characterization$of$α0Isopropylmalate$synthase$from$Francisella*novicida*
*
Ashley'K'Casey,'Danielle'D’Erminio,'and'Patrick'A.'Frantom'
'
Department'of'Chemistry,'The'University'of'Alabama,'Tuscaloosa,'Alabama,'35487'
!
The'allosteric' regulation'of'an'enzyme' is' the'binding'of'a'molecule'at'a'distal' site'
that'affects'the'catalytic'properties'at'the'active'site.'A'model'enzyme'for'the'study'
of'allosteric'mechanisms'is'αJisopropylmalate'synthase'(IPMS).' IPMS'catalyzes'the'
first'step'in'the'biosynthesis'of'LJleucine'and'is'subject'to'feedback'inhibition'by'the'
downstream'product.'This'reaction'is'a'ClaisenJ'like'condensation'reaction'between'
αJketoisovalerate' (KIV)' and' acetylJCoA' (AcCoA)' forming' an' isopropylmalylJCoA'
intermediate,'which' is' then'hydrolyzed' to' give' the' final' products' isopropylmalate'
and'CoA.'Although' the' enzyme'has'been' characterized' from'a'number'of' sources,'
the' enzyme' isolated' from' Mycobacterium! tuberculosis' (MtIPMS)' has' been'
extensively' studied.' The' structure' of' MtIPMS' reveals' the' enzyme' contains' a'
conserved'TIMJbarrel'catalytic'domain'with'LJleucine'binding'50'Å'away'from'the'
active' site' in'a' structurally' conserved'regulatory'domain.'Here'we'report' the' first'
enzymatic'characterization'of'IPMS'isolated'from'Francisella!novicida!(FnIPMS)!and'
compare'the'results'to'those'of'MtIPMS.'FnIPMS'shares'a'sequences'identity'of'26%'
with'MtIPMS'over'526' residues.'Additionally,'protein' similarity'networks' indicate'
that'FnIPMS'is'in'a'cluster'by'itself'indicating'that'it'may'have'different'properties'
than' other' IPMS' enzymes.' The' kinetic' and' inhibition' parameters' of' FnIPMS'were'
determined'(kcat,'Km'Ki).'The'kcat'and'Km'values'are'comparable' to' that'of'MtIPMS.'
However,' the' Ki' value' of' FnIPMS' is' approximately' 150Jfold' higher' than' that' of'
MtIPMS.'SizeJexclusion'chromatography'results'indicate'that'FnIPMS'is'a'monomer,'
where' as'MtIPMS' is' a' dimer.' This' is' the' first' report' of' a'monomeric' IPMS' and' is'
likely'the'reason'for'the'higher'Ki'value'seen'in'FnIPMS'because'LJleucine'binds'at'
the' monomerJmonomer' interface' of' MtIPMS.' The' solvent' and' primary' kinetic'
isotope' effects' of' FnIPMS' are' currently' being' investigated' to' determine' the'
mechanism'of'allosteric'inhibition.''
'
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Probing Agmatine Deiminases: Development of an Activity-based Protein Profiling 
Reagent  

Andrew Thomson, Mikhail Marchenko, Bryan Knuckley, and Corey P. Causey 
Department of Chemistry, University of North Florida, Jacksonville, FL 32224 

 
Agmatine deiminases (AgDs) catalyse the hydrolytic conversion of agmatine into N-

carbomyl putresceine and ammonia. These enzymes are thought to play a role in the survival and 
proliferation of some pathogenic bacterial species. This putative role for AgDs in pathogenicity, 
coupled with the fact that humans do not encode an AgD enzyme, suggests these enzymes as 
potential therapeutic targets for the development of novel antibiotic agents.  Towards this end, 
we have designed and synthesized an activity-based protein profiling (ABPP) reagent that 
specifically targets and covalently modifies AgD enzymes.  This ABPP uses a scaffold similar in 
structure to agmatine, but replaces the guanidinium group with a chloro-acetamidine.  This 
reactive   ‘warhead’   covalently modifies the active site cysteine residue through alkylation,  
rendering the enzyme inactive.  In addition, the ABPP molecule also includes an alkyne moiety 
that facilitates the addition of a reporter tag to the modified enzyme via a ‘click’  reaction.  The 
current study focuses on labelling of the agmatine deinimase from S. mutans with both a 
fluorescent reporter tag that enables visual identification of the enzyme as well as a biotin tag 
that allows detection via western blot analysis.  The results from these studies show that the 
enzyme of interest is efficiently and selectively labelled by the ABPP even in complex protein 
mixtures.  This ABPP will be a useful tool to better understand the role of these enzymes in 
bacterial survival and will aid in the identification of novel inhibitors.      
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Discovery of potent inhibitors targeting Tyrosyl-DNA phosphodiesterase 1 using in silico 
virtual screening 

Shih-Wei Chuo1, Bradley Kossmann1, Chunli Yan1, Ivaylo Ivanov1* 
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The covalent adduct of topoisomerase I – DNA is a transient complex when cells remove 

the superhelical tension in the normal DNA metabolism processes. However, in some conditions, 
the DNA complex can be converted into persistent single strand break and double strand break. 
Tyrosyl-DNA phosphodiesterase I (Tdp1) play an important part in repair of these DNA lesions 
in vivo.1 Nevertheless, the function of Tdp1 has been known, the natural in vivo substrate that 
binds to the Tdp1 is not known. We examine a large of number of compounds by ROCS and 
EON research. These results indicate the suitable candidates and conformations to demonstrate 
the understanding of Tdp1 inhibitors in vivo and explain the binding properties in the active site 
of Tdp1.  

  
1. Leppard, J. B., and Champoux, J. J. (2005). Human DNA topoisomerase I: relaxation, 

roles, and damage control, Chromosoma. 114, 75–85 
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Identification and Characterization of a Human 
Kynurenine Pathway Dehydrogenase 

Ian Davis, Lu Huo, Shingo Esaki, and Aimin Liu* 
Department of Chemistry, Georgia State University, Atlanta, GA 30303 

 

 The kynurenine pathway is the major route of tryptophan catabolism in 
mammals. Recently, it has become a major area of study due to the finding that several 
of its intermediates and products are neuroactive and are elevated in some disease 
states. A major hindrance to studying this pathway has been a bottle-neck in identifying 
the genes which express its constitutive enzymes in mammalian species. Fortuitously, 
the major part of the pathway has been found to exist in several Pseudomonas strains, 
and these have been used as analogues to the mammalian enzymes. Evidence will be 
shown for the identification of a human enzyme of the kynurenine pathway based on 
comparison with a bacterial orthologue.  
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Flavin Transfer in Alkanesulfonate Monooxygenase System: Dynamic shifts in oligomeric 
states and role of protein-protein interactions 

Paritosh V. Dayal, Harsimran Singh† ,Laura Busenlehner† ,and Holly R. Ellis 
Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama, 36849, † Department of 

Chemistry, The University of Alabama, Tuscaloosa, Alabama, 35487 
 

Bacteria acquire sulfur through a sulfur assimilation pathway, but under sulfur limiting 
conditions bacteria must acquire sulfur from alternative sources (1). The ssu operon is induced 
under sulfur limiting conditions and is comprised of genes that encode a flavin reductase (SsuE), 
and alkanesulfonate monooxygenase (SsuD) (2). The SsuE enzyme reduces FMN with NADPH 
and reduced flavin is then transferred to SsuD. The reduced flavin is a highly unstable molecule 
and it readily reacts with dioxygen to form hydrogen peroxide and superoxide radicals. Previous 
studies have identified stable protein-protein interactions between SsuE and SsuD that are 
thought to play a role in flavin transfer events (3). Current studies are focused on evaluating 
protein-protein interactions between SsuE and SsuD and the role of these interactions in the 
transfer of reduced flavin from SsuE to SsuD to carry out the desulfonation mechanism. 
               Hydrogen/deuterium isotopic exchange–mass spectrometric (HDX-MS) studies were 
conducted to identify potential interaction sites on each enzyme, and several protected sites were 
identified. Results from HDX-MS showed that a conserved α-helix on SsuD is involved in 
protein-protein interactions. Three SsuD variants D250A, DDE(250/251/252)AAA, and ∆251-
261 SsuD that removes the α-helix, were generated. There were no interactions identified in pull-
down experiments with 6X-His tagged DDE(250/251/252)AAA or ∆251-261 SsuD with SsuE. 
Results from spectrofluorimetric titration experiments showed that the D250A SsuD variant had 
a Kd value similar to wild type; however, the DDE(250/251/252)AAA and ∆251-261 SsuD 
variants did not interact with SsuE and the Kd values for these variants could not be determined. 
Although, the kcat/Km value of D250A SsuD was similar to wild-type, DDE(250/251/252)AAA 
SsuD showed a 6-fold decrease in the kcat/Km value. The ∆251-261 SsuD deletion variant was 
inactive under standard steady-state kinetic assay conditions, but partial activity was recovered 
with increasing flavin concentrations. If protein-protein interactions are important in flavin 
transfer from SsuE to SsuD, then disruption of the interaction regions should lead to non 
enzymatic oxidation of reduced flavin generating hydrogen peroxide and superoxide anions. 
Resazurin dye was used to quantify the production of hydrogen peroxide and superoxide anions 
by the SsuD variants. The ∆251-261 SsuD variant was shown to produce elevated amounts of 
hydrogen peroxide and super oxide anions.  The increase in production of hydrogen peroxide and 
superoxide anions by ∆251-261 SsuD suggested that the channeling mechanism was disrupted 
upon deletion of the conserved α-helix. These studies define the importance of protein-protein 
interactions for the efficient transfer of reduced flavin from SsuE to SsuD leading to efficient 
desulfonation of alkanesulfonate.  
 

1. Eichhorn, E., and van der Ploeg, J.R. (1999) Characterization of a two-component 
alkanesulfonate monooxygenase from Escherichia coli, J. Biol. Chem. 274, 26639-
26646. 

2. van der Ploeg, J.R. and  Eichhorn, E. (2001) Sulfonate-sulfur metabolism and its 
regulation in Escherichia coli, Arch. Microbiol. 176, 1-8. 

3. Abdurachim, K., Ellis, H.R. (2006), Detection of protein-protein interactions in the 
alkanesulfonate monooxygenase system from Escherichia coli, J. Bacteriol. 188, 8153-
8159. 
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Structure and Biochemical Characterization of an Extradiol 
Dioxygenase involved in NAD+ Biosynthesis 
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HAO is part of a group of enzymes known as extradiol ring-cleaving dioxygenase which are differentiated 

from their intradiol counterpart by the mechanism and position to which O2 is inserted in to the 

substrate. Extradiol dioxygenases cleave the aromatic ring between a hydroxylated carbon and an 

adjacent non-hydroxylated carbon, while intradiol enzymes cleave the bond in between two 

hydroxylated carbons. Extradiol dioxygenases are classified based on structural relationships into three 

types, type I, II and III. While both type I and type II subgroups have been well studied and their 

mechanism are understood, type III enzymes are less understood at the mechanistic level. HAO is a non-

heme dependent enzyme characterized as a type III extradiol ring-cleaving dioxygenase belonging to the 

cupin superfamily.  HAO is found in the kynurenine pathway and catalyzes the extradiol ring-cleaving 

reaction of the substrate 3-hydroxyanthranilic acid (3-HAA) in the presence of O2 to generate the 

unstable product, ɲ-amino-ɴ-carboxymuconate-ɸ-semialdehyde (ACMS) (Fig. 1). In order to study the 

mechanism of the type-III dioxygenases enzyme HAO, mutational analysis of second-sphere residues in 

the non-heme Fe center was carried out.  X-ray crystallography and enzymatic kinetic assays were 

performed to determine the role of selected key active site residues. 
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Figure 1.  Extradiol ring-cleaving reaction of 3-hydroxyanthranilic 

acid (3-HAA) in the presence of O2. 
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Several different types of non-bonded interactions are integral to the stabilization of 

folded proteins.  A not well understood non-bonded association is the interaction of anions 
with S-systems.  Computational studies on a model system find that interaction of formate 
with the edge of a benzene ring is optimal at van der Waals distances.1  A survey of the 
Protein Databank indicated there are over 3000 high resolution PDB entrants that form an 
average of 2.6 stabilizing anion-S pairs per protein.2  Charmm22 and MP2 calculations on 
formate-benzene models of the anion-S pairs in the PDB predicted interaction energies of -2 
to -7.3 kcal/mol. 

As a model protein to study the effect of the anion-S pair on the stability of proteins, 
the PDB structure 1EP0, dTDP-4-keto-6-deoxy-D-hexulose 3,5-epimerase (RmlC), a 
rhamnose synthesis protein from M. thermoautotrophicum, was chosen.  RmlC contains 
seven anion-S interaction pairs, some of which are connected in a network of anion-S  
interactions.  The anion-S pair between D84 and F112, with an interaction energy calculated 
to be -6.4 kcal/mol, was chosen because it is buried in the center of the protein.  The effect 
of the D84-F112 anion-S pair on the stability of RmlC was measured using fluorescence and 
CD to monitoring equilibrium unfolding.  A denaturation free energy for RmlC of 15.9 ± 0.1 
kcal/mol was obtained from both fluorescence and CD equilibrium unfolding experiments.  
The stabilities of two single mutants (D84A, F112M) and a D84A-F112M double mutant were 
also measured.  To isolate the stabilizing effect of just the D84-F112 anion-S pair a double 
mutant cycle was used to analyse the data.   

 
 
 
 
 
 

1. Jackson, M. R., Beahm, R., Duvvuru, S., Narasimhan, C., Wu, J., Wang, H. N., Philip, 
V. M., Hinde, R. J., and Howell, E. E. (2007) A preference for edgewise interactions 
between aromatic rings and carboxylate anions: the biological relevance of anion-
quadrupole interactions, J. Phys, Chem. B 111, 8242-8249. 

2. Philip, V., Harris, J., Adams, R., Nguyen, D., Spiers, J., Baudry, J., Howell, E. E., and 
Hinde, R. J. (2011) A survey of aspartate-phenylalanine and glutamate-
phenylalanine interactions in the protein data bank: searching for anion-pi pairs, 
Biochemistry 50, 2939-2950. 
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The hydride transfer reaction catalyzed by dihydrofolate reductase (DHFR) is a model for 

examining how protein dynamics contribute to enzymatic function. The relationship between 
functional motions and enzyme evolution has attracted significant attention. Recent studies on 
N23PP Escherichia coli DHFR (ecDHFR) mutant, designed to resemble parts of the human 
enzyme, indicated a reduced single turnover rate. NMR relaxation dispersion experiments with 
that enzyme showed rigidification of millisecond M20 loop motions (1). A more recent study of 
this mutant, on the other hand, indicated that fast motions along the reaction coordinate are 
actually more dispersed than for wild-type ecDHFR (WT). Furthermore, a double mutant 
(N23PP/G51PEKN) that better mimics the human enzyme seems to restore both the single 
turnover rates and narrow distribution of fast dynamics (2). 

Here we measured intrinsic kinetic isotope effects for both N23PP and N23PP/G51PEKN 

double mutant DHFRs over a temperature range. The findings indicate that while the C-H→C 
transfer and dynamics along the reaction coordinate are impaired in the altered N23PP mutant, 
both seem to be restored in the N23PP/G51PEKN double mutant. This indicates that the 
evolution of G51PEKN, although remote from the M20 loop, alleviated the loop rigidification 
that would have been caused by N23PP, enabling WT-like H-tunneling. Phylogenetic analysis of 
233 DHFRs from 233 organisms, ranging from bacteria to human, indicated that the N23PP 
insertion was only introduced by evolution AFTER the G51PEKN insertion. The correlation 

between the calculated dynamics, the nature of C-H→C transfer, and a phylogenetic analysis of 
DHFR sequences are consistent with evolutionary preservation of the protein dynamics to enable 
H-tunneling from well-reorganized active sites. Comparative measurements of human DHFR are 
currently underway (3). 

 
 

1. Bhabha, G., Lee, J., Ekiert, D. C., Gam, J., Wilson, I. A., Dyson, H. J., Benkovic, S. J., 
and Wright, P. E. (2011) A dynamic knockout reveals that conformational fluctuations 
influence the chemical step of enzyme catalysis, Science 332, 234. 

2. Liu, C. T., Hanoian, P., French, J. P., Pringle, T. H., Hammes-Schiffer, S., and Benkovic, 
S. J. (2013) Functional Significance of Evolving Protein Sequence in Dihydrofolate 
Reductase from Bacteria to Human, Proc. Natl. Acad. Sci. U.S.A. 110, 10159 

3. Francis, K., Stojkovic, V., and Kohen, A. (2013) Preservation of Protein Dynamics in 
Dihydrofolate Reductase Evolution, J. Biol. Chem. 288, 35961. 
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Pseudomonas aeruginosa D-arginine dehydrogenase (PaDADH) catalyzes the oxidation of D-
amino acids to imino acids except D-aspartate, D-glutamate and glycine. The enzyme uses a non-
covalently bound FAD for the reaction. At the mechanistic level, the reaction of protonated amino 
acid oxidation involves NH and CH bond cleavages. Previous work on PaDADH showed that the 
protonated D-amino acid substrate is the preferred form in the ES-complex and the NH and CH bond 
cleavages are asynchronous. The data are consistent with multiple mechanistic possibilities such as 
carbanion, hydride transfer and polar nucleophilic mechanisms for amino acid oxidation by PaDADH. 
In the current study, two active site residues, Y53 and Y249, were mutated to phenylalanine so as to 
delve farther into the mechanistic pathway adopted by PaDADH using as probes pH profiles and 
deuterium isotope effects on rapid reaction kinetics. QM/MM methodology was used to further isolate 
the possible mechanism by revealing the relative local electrophilicity of key FAD sites within 
PaDADH active site. Results from the current study indicate that D-amino acid oxidation by PaDADH 
occurs via the direct transfer of hydride ion from the D-amino acid substrate to the electrophilic N(5) 
of FAD, in which the active site tyrosines are important for the stabilization of the transition state 
associated with the asynchronous cleavage of the NH and CH bonds.    
 
This study was supported in part by NSF MCB-1121695 (G.G.) and a GSU Molecular Basis for 
Disease Fellowship (S.G.). 
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phosphoglycerate Synthase by Hydrogen Deuterium Exchange Mass Spectrometry 
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Tuberculosis is a common and infectious disease caused by various strains of 
mycobacteria. The products of the unique biosynthetic pathways of mycobacteria have become 
the target of new treatments, since they are essential to the growth of mycobacteria. One class of 
important products are 6-O-methylglucose lipopolysaccharides (MGLP). Glucosyl-3-
phosphoglycerate synthase (GpgS) catalyzes the formation of glucosylglycerate which is the 
putative precursor for MGLP synthesis. GpgS utilizes 3-phosphoglycerate (3PGA) as a glucose 
acceptor, UDP-glucose (UDPG) as a glucose donor, and is strictly dependent on Mg2+ for 
catalytic activity. The crystal structure of GpgS has been reported and little change is observed 
upon substrate binding. In order to understand changes in dynamics of GpgS upon substrate 
binding, amide hydrogen-deuterium exchange mass spectrometry was used to investigate its 
internal motions. The exchange rate of backbone amide hydrogen for deuterium is related to 
protein secondary structure, solvent accessibility, and backbone flexibility. The results suggest 
that GpgS has conformational changes on substrate binding, mainly in flexible loops around the 
active site. The peptides found in the active site tend to have lower solvent accessibility and 
decreasing dynamics due to the hydrogen bonds or other interactions between residues and the 
substrates. Analysis of the 3PGA-GpgS complex shows that active site residues responsible for 
binding both UDPG and 3PGA have conformational changes, confirming the competitive 
mechanism of 3PGA substrate inhibition versus UDPG. Our results also disagree with the 
previously published kinetic mechanism that 3PGA only binds to GpgS after UDP-glucose. 
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            Elucidating biological and pathological functions of protein lysine acetyltransferases (KATs) 
greatly depends on the knowledge of the dynamic and spatial localization of their enzymatic targets in 
the cellular proteome. Recently, our laboratory had reported the design and application of chemical 
probes for facile labeling and detection of substrates of the three major human KAT enzymes. In this 
approach, we created engineered KATs in junction with synthetic Ac-CoA surrogates to effectively label 
KAT substrates even in the presence of competitive nascent cofactor acetyl-CoA. The functionalized 
and transferable acyl moiety of the Ac-CoA analogs further allowed the labeled substrates to be probed 
with alkynyl or azido tagged fluorescent reporters by the copper-catalyzed  azide−alkyne  cycloaddition.  
The synthetic cofactors, in combination with either native or rationally engineered KAT enzymes, 
provided a versatile chemical biology strategy to label and profile cellular targets of KATs at the 
proteomic level. We conducted steady state kinetic studies of the probes, and measured Km, Kcat and 
Kcat/Km of the selected acetyl-CoA analogs with their matching KAT enzyme pairs. The work provides 
mechanistic understanding of the distinguished capabilities of each KAT enzyme member in recognizing 
acyl-CoA cofactors.  
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Effective Induction Conditions for the Recombinant Expression of Bacterial 
Nitrogen Monooxygenase 
 

Jennifer Hernandez1,2, Crystal Smitherman1,4, Francesca Salvi1, Giovanni Gadda1,2,3,4 
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Diagnostics and Therapeutics, Georgia State University, Atlanta, GA. 
 
Nitronate monooxygenase (NMO; E.C. 1.13.12.16) is an FMN-dependent enzyme 

found in plants, fungi, and bacteria that catalyzes the oxidative denitration of alkyl 
nitronates (1,2). The kinetic properties of fungal NMOs have been previously 
characterized from Neurospora crassa and Cyberlindera saturnus, but bacterial NMO 
from Pseudomonas aeruginosa (PaNMO) has yet to be characterized. The physiological 
substrate, propionate 3-nitronate (P3N), is oxidized to malonic semialdehyde with kcat/Km 
values in the order of 106-107 M-1s-1 (3). P3N, the highly toxic conjugate base of 3-
nitropropionate, inhibits succinate dehydrogenase and fumarase and thereby inactivates 
the Krebs cycle (1, 3). Poisoning by P3N has been reported on livestock and humans that 
have led to neurological disorders and even death (1).  Recently, fungal NMO has been 
shown to detoxify bacterial cultures poisoned with P3N (4). It is therefore important to 
study the catalytic and structural properties of NMO to gain insights on the mechanism of 
action of the enzyme. 

 
Optimizing the recombinant expression of PaNMO in Escherichia coli is a 

pertinent preparatory step towards the characterization of the bacterial NMO. The current 
study aims to test the expression by inducing small cultures in either Luria-Bertani Broth 
or Terrific Broth with varying concentrations of isopropyl β-D-1-thiogalactopyranoside at 
varying OD600 values and incubation times. The expression of each sample was analyzed 
by using enzymatic assays and SDS-PAGE. The results of this study will be incorporated 
in the expression of recombinant PaNMO for future mechanistic studies. 
 
References: 
1. Smitherman, C., & Gadda, G. (2013). Evidence for a transient peroxynitro acid in the 

reaction catalyzed by nitronate monooxygenase with propionate 3-nitronate. 
Biochemistry, 52(15), 2694-2704. doi: 10.1021/bi400030d 

2. Gadda, G., & Francis, K. (2010). Nitronate monooxygenase, a model for anionic flavin 
semiquinone intermediates in oxidative catalysis. Arch. Biochem. Biophys., 
493(1), 53-61. doi: 10.1016/j.abb.2009.06.018 

 3. Francis, K., Smitherman, C., Nishino, S. F., Spain, J. C., & Gadda, G. (2013). The 
biochemistry of the metabolic poison propionate 3-nitronate and its conjugate 
acid, 3-nitropropionate. IUBMB Life, 65(9), 759-768. doi: 10.1002/iub.1195 

4. Francis, K., Nishino, S. F., Spain, J. C., & Gadda, G. (2012). A novel activity for 
fungal nitronate monooxygenase: detoxification of the metabolic inhibitor 
propionate-3-nitronate. Arch. Biochem. Biophys., 521(1-2), 84-89. doi: 
10.1016/j.abb.2012.03.015 

 
 

This study was supported in part by Grant MCB-1121695 (G.G.) from the NSF. 
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Protein arginine methylation is one important posttranslational modification that 

eukaryotic organisms use to modulate gene expression and other cellular processes. This process 
is mediated by protein arginine methyltransferases (PRMTs) using S-adenosyl methionine 
(SAM) as a methyl group donor. Among them, PRMT1 accounts for ~80% methyltransferase 
activity in cell. The functions of PRMT1 have been broadly studied in different biological 
processes and diseased states, but the molecular basis for arginine methylation is not well 
defined. In our previous study, the transient-state kinetic analysis of PRMT1 catalysis was 
revealed using fluorescein-labeled peptide as a fluorescent probe(1). The fast association and 
dissociation rates suggest that PRMT1 catalysis of histone H4 methylation follows a rapid 
equilibrium sequential kinetic mechanism. The data also give direct evidence that the chemistry 
of methyl transfer is the major rate-limiting step, and that binding of the cofactor SAM or its 
product S-adenosyl homocysteine (SAH) affects the association and dissociation of H4 substrate 
with PRMT1. Importantly, from the stopped-flow fluorescence measurements, we have 
identified a critical kinetic step suggesting a precatalytic conformational transition induced by 
substrate binding. However, the intrinsic transient kinetics of cofactor SAM/SAH and 
substrate/product binding with PRMT1 have yet to be discovered. Recently, we used the intrinsic 
tryptophan fluorescence change to dissect the pre-steady kinetics for each step. Although SAM 
and SAH have every similar association rates, the former one dissociate much more quickly than 
the latter one (4.59 s-1 vs 0.016 s-1). Because SAM concentration can be as high as 150í280 ȝM 
in a cell whereas SAH cannot accumulate because of the degradation by nucleosidase, the high 
affinity of SAH for PRMT1 means very small amount of SAH could inhibit the activity of 
PRMT1 as a negative feedback for substrate methylation. Besides, we also found the Arg3-
momomethylated product H4(1-22)R3me1 has about 1/10 dissociation rate of H4(1-22) (12 s-1vs 
123 s-1) even though they bind to PRMT1 in similar rates. Our findings provide mechanistic 
understanding of PRMT1 catalysis at the microscopic level. 

 
 
 

1. Feng, Y., Xie, N., Jin, M., Stahley, M. R., Stivers, J. T., and Zheng, Y. G. (2011) A 
Transient Kinetic Analysis of PRMT1 Catalysis, Biochemistry 50, 7033-7044. 
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Structural�and�Spectroscopic�Characterizations�a�Kynurenine�Pathway�Dehydrogenase�Reveals�an�Unprecedented�
Dehydrogenation�Catalytic�Cycle�

Lu�Huo,�Ian�Davis,�Aimin�Liu*�
�
�

The�first�crystal�structures�of�2ͲaminomuconateͲ6Ͳ�semialdehyde�dehydrogenase�(AMSDH)�have�been�solved�in�the�
five�distinct�forms�including,�the�resting�enzyme,�the�substrate�bound�binary�and�ternary�complex�structures,�two�

distinct�catalytic�intermediates�after�the�formation�of�the�ternary�complex�and�before�the�final�product.�In�
conjunction�with�the�solution�and�single�crystal�spectroscopic�studies,�substrate�specificity�and�detailed�catalytic�

mechanism�are�revealed.�The�results�reveal�a�previously�unknown�dehydrogenation�chemistry.�
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Aminoglycoside  Nucleotidyltransferase  (4′) and its Variants 
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    The   aminoglycoside   nucleotidyltransferase   4′   (ANT)   is   a homodimeric enzyme 
that  detoxifies  antibiotics  by  nucleotidylating  at   the  C4′- OH site. There are several 
thermostable variants for this enzyme that show a single and two amino acid change 
in their primary amino acid sequences.  It is not clear how one or two residue 
replacements, which are away from active site and monomer-monomer interface, 
result in various degrees of changes on   enzyme’s   thermostability. In this work, 
sedimentation velocity analysis of wild type (mesophilic) and thermostable variants of 
ANT by analytical ultracentrifugation showed that all the tested enzymes exist as 
mixtures of monomers and dimers in solution, however, the dissociation constant of 
dimers steadily increased from the hyperthermophilic to mesophilic variant by 
~70-fold. Furthermore, isothermal titration calorimetry studies showed that, at low 
ionic strength, the dimerization is an endothermic process for wild type (mesophilic) 
enzyme, while it is an exothermic reaction for all thermophilic variants, where the 
hyperthermophilic variant shows the largest exothermic enthalpy of dimerization. 
Dimerization of all enzymes at higher salt concentration (100mM NaCl) becomes 
exothermic, again steadily becoming more exothermic with increasing thermophilicity 
of the variants.  
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!

The allosteric regulation of enzymes by small molecules is a fundamental concept in 
biochemistry and provides a mechanism by which cells can respond to changes in environmental 
conditions. The DRE-TIM metallolyase superfamily is the model used here for investigating the 
mechanistic and evolutionary interactions between two conserved domains in allosteric systems. 
Members of this superfamily include α-isopropylmalate synthase (IPMS) and R-citramalate 
synthase (CMS). Structurally, IPMS and CMS consist of two well-conserved domains, an N-
terminal TIM-barrel catalytic domain (Pfam id: PF00682) and a C-terminal regulatory domain 
(Pfam id: PF08502), which is subject to allosteric feedback regulation by L-leucine (IPMS) or L-
isoleucine (CMS). Both enzymes catalyze a Claisen-like condensation between an alpha-keto 
acid (alpha-ketoisovalerate in IPMS, pyruvate in CMS) and acetyl-CoA followed by hydrolysis 
to yield a carboxymethylated acid and CoA. IPMS from Mycobacterium tuberculosis (MtIPMS) 
is the best-characterized representative enzyme from this superfamily, and L-leucine inhibition 
of MtIPMS is due to a decreased rate of hydrolysis in the catalytic cycle. Recent bioinformatics 
studies suggest CMS from Methanococcus jannashii (MjCMS) originates from a different 
progenitor than MtIPMS. Here, MjCMS has been analyzed to determine if the conserved 
regulatory domain utilizes a conserved mechanism of allosteric inhibition. Analytical size-
exclusion chromatography of MjCMS gives a peak corresponding to a tetrameric enzyme in the 
presence or absence of L-isoleucine. The kinetic parameters for MjCMS in the absence of L-
isoleucine were determined with a Vmax value of 82.9 ± 2.4 min¯1 and KM values of 4.3 ± 0.5!µM 
and 105.5 ± 26! µM for AcCoA and pyruvate, respectively.  L-Isoleucine acts as a V-type 
inhibitor versus the substrate AcCoA, with a Ki value of 34 ± 15!µM. Lack of primary deuterium 
KIEs and solvent kinetic KIEs indicate product release is the rate-determining step in MjCMS, 
similar to MtIPMS. In the presence of L-isoleucine however, KIE values remain unity suggesting 
product release is the target of inhibition in MjCMS. 

!
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)
) ADP-forming acetyl-CoA synthetase (ACD; Acetate:CoA ligase (ADP-forming) [EC 6.2.1.13]) is 
an acetate thiokinase that catalyzes the conversion of acetyl-CoA to acetate to generate ATP via substrate 
level phosphorylation. ACD activity was first discovered in cell extracts from Entamoeba histolytica 
(Reeves et al., 1977), the etiological agent of amoebic dysentery and liver abscess in humans. ACD has 
since been identified in a limited number of microbes, including certain other parasitic protozoans, several 
archaea, and one bacterium. E. histolytica is an amitochondriate that lacks many typical metabolic 
pathways, thus glycolysis and the degradation pathways of amino acids are the key pathways for ATP 
generation. Biochemical characterization of E. histolytica ACD (EhACD) suggests it could play an 
important role in conservation of energy by generating ATP in the conversion of acetyl-CoA, derived from 
the pyruvate product of glycolysis or from amino acid degradation, to acetate. Alternatively, ACD may 
function in the reverse direction for the utilization of acetate found in the colon during infection.  
 

A three-step reaction mechanism was initially proposed for ACD based on that of the well-studied 
succinyl-CoA synthetase (SCS) with which it shares high sequence similarity. However, Brasen et al. 
(2008) have proposed a second phosphoenzyme intermediate for ACD based on their studies with the 
Pyrococcus furiosus enzyme. In this mechanism, ACD is first phosphorylated on a His residue [Hisα in Step 
2] that is completely conserved among all ACD and SCS sequences, and this phosphoryl group is then 
transferred to a second His residue [Hisβ in Step 3] that is conserved among ACDs but not in SCS. 

 

[1]    E + acetyl-CoA + Pi ! E·acetyl-P + CoA 
[2]    E·acetyl-P ! acetate + E-HisαP 
[3]    E-HisαP ! E-HisβP 
[4]    E-HisβP + ADP ! ATP + E 
 

We have kinetically characterized EhACD enzyme variants in which the putative sites of 
phosphorylation, His252 and His533 corresponding to Hisα and Hisβ in the P. furiosus mechanism, have been 
individually altered. Our results support a role for His252 as an essential phosphorylated residue, as the 
His252Ala variant is completely inactive. However, variants altered at His533 retain activity, albeit 
significantly reduced, suggesting that His533 is important but not essential. These results raise the possibility 
that phosphoryl transfer between His residues in Step 3 above is not required for EhACD. 
 
1. Bräsen, C., Schmidt, M., Grötzinger, J., and Schönheit, P. (2008) Reaction mechanism and 

structural model of ADP-forming Acetyl-CoA synthetase from the hyperthermophilic archaeon 
Pyrococcus furiosus: evidence for a second active site histidine residue: J. Biol. Chem. 283,  
15409-18. 

 
2. Reeves, R. E., Warren, L. G., Susskind, B., and Lo, H. S. (1977) An energy-conserving pyruvate-

to-acetate pathway in Entamoeba histolytica. Pyruvate synthase and a new acetate thiokinase: J. 
Biol. Chem. 252, 726-31. 
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Deciphering the Code of Protein Arginine Methyltransferases  
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Protein Arginine Methyltransferases (PRMTs) are mammalian enzymes that catalyze the 

addition of methyl groups on protein arginine.  The PRMT family of enzymes is composed of 
nine members that vary in localization and substrate specificity.  Aberrant arginine methylation 
of proteins has significant roles in the onset and progression of human disease (i.e., 
cardiovascular disease, prostate cancer, etc.), which has contributed to these proteins becoming 
an important therapeutic target over the last decade.  The substrate specificity, mechanisms of 
regulation, physiological and pathological roles of this enzyme family are poorly characterized 
as a result of unsatisfactory methodologies, insufficient chemical tools, and few specific 
inhibitors currently available for the epigenetic community.  For this reason, we have designed a 
superior method to decipher the substrate specificity of the individual PRMT family members by 
developing a rapid, high-throughput screen (HTS) of million-member peptide libraries.  
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Cyclooxygenase-2 (COX-2) is a homodimeric enzyme that catalyzes the 

oxidation of arachidonic acid (AA) in the committed step of prostaglandin (PGs) 
biosynthesis. COX-2 also oxygenates the endocannabinoids 2-arachidonyl glycerol (2-
AG) and arachidonoyl ethanolamide (AEA) to their respective prostaglandins, albeit with 
decreased efficiency. Here we tested various AA, 2-AG and AEA analogs as potential 
substrates, inhibitors, and potentiators of COX-2.  None of the analogs were oxidized by 
COX-2, however a few weakly inhibited the ability of COX-2 to oxidize either AA or 2-
AG. AM-8138, an AA analog with a methyl group at carbon-13 position, significantly 
increased the oxidation of 2-AG by increasing both Vmax and KM with little to no effect on 
AA oxidation. The kinetic data suggests that AM-8138 might be potentiating 2-AG 
oxidation by allosteric regulation. This observation was further supported when the 
inhibition of 2-AG oxidation by weak reversible inhibitors, such as R-flurbiprofen, was 
reversed in the presence of AM-8138. Also, the presence of AM-8138 blocked the 
inhibition of AA or 2-AG oxidation by time-dependent inhibitors like indomethacin. 
Additionally, the activity of COX-2 variants that were unable to oxidize 2-AG was fully 
recovered in the presence of AM-8138. Thus, we speculate that binding of AM-8138 to 
the allosteric site causes conformational changes to COX-2, which makes the catalytic 
site more conducive for 2-AG binding and enhances its oxidation by COX-2.  
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Kinetic Studies of α-Isopropylmalate Synthase from Methanococcus jannashii 

Garima Kumar and Patrick A. Frantom 

Department of Chemistry, The University of Alabama, Tuscaloosa, Alabama, 35487 

 

α-Isopropylmalate synthase (IPMS) is a model enzyme for the study of allosteric mechanisms as 

it catalyzes the first step in leucine biosynthesis in archae, bacteria and some eukaryotes. IPMS is 

subject to feedback inhibition by L-leucine through an allosteric mechanism and contains 

evolutionarily conserved catalytic and regulatory domains. Recent phylogenetic analysis 

suggests two origins of IPMS. The most well characterized IPMS with regard to allostery is from 

Mycobacterium tuberculosis (MtIPMS). To investigate conservation (or lack of) in allosteric 

mechanisms, the allosteric properties of an IPMS predicted to have come from an alternate origin 

need to be compared with those determined for MtIPMS. Here, IPMS from Methanococcus 

jannashii (MjIPMS), a thermophilic archae, is being studied. MjIPMS and MtIPMS share 19 % 

sequence identity. Kinetic parameters for MjIPMS determined at 37°C exhibited a kcat = 330 ± 5 

min-1, KAcCoA = 90 ± 5 µM and KKIV = 70 ± 5 µM. It was determined that MjIPMS exhibits V-

type inhibition by L-leucine similar to MtIPMS with a Ki = 0.16 ± 0.02 µM. Also similar to 

MtIPMS, leucine has no effect on the quaternary structure of MjIPMS as determined by size-

exclusion chromatography. However, MjIPMS appears to be a tetramer whereas MtIPMS is a 

dimer. The results of pH rate profiles suggest that MjIPMS requires two acidic and two basic 

residues for the optimal activity of the enzyme. Primary deuterium KIE and solvent KIE indicate 

that hydrolysis is the rate limiting step in MjIPMS, unlike MtIPMS in which product release is 

the rate limiting step. Although in the presence of L-leucine, hydrolysis is the rate limiting step 

for both the enzymes. Thus we can see that despite the differences in the quaternary structure and 

the rate limiting step, MtIPMS and MjIPMS utilize identical mechanism for allosteric regulation. 
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Aminoglycoside (AG) antibiotics are a group of broad-spectrum bactericidal agents.  Two major 
families of aminoglycosides are known, namely, kanamycins and neomycins. One of the major 
mechanisms by which the bacteria acquire resistance to the action of aminoglycosides is through 
enzymatic modification. This is achieved by a large family of enzymes called as aminoglycoside 
modifying enzymes (AGMEs). AGMEs can covalently modify their substrates by 
phosphorylation, nucleotidylation or acetylation.  These enzymes show variable levels of 
substrate promiscuity. However, no correlation has been observed between an AGME's sequence 
or structure and the substrate profile. We aim to understand the molecular principles underlying 
this ligand selectivity by deciphering the thermodynamic and dynamic properties of the enzyme-
ligand complexes. This project involves the study of the aminoglycoside N3 acetyltransferase-
VIa (AAC-VIa). This enzyme is one of the 14 enzymes that show highly variable substrate 
profiles and catalyze the same reaction which is the modification of N3 atom of the 2-
deoxystreptamine (2-DOS) ring on aminoglycosides by transfer of an acetyl group from AcCoA. 
Despite its >55% sequence similarity to the aminoglycoside N3 acetyltransferase-IIIb (AAC-
IIIb), an enzyme with high substrate promiscuity, AAC-VIa, unlike AAC-IIIb, is unable to 
modify either kanamycins (except tobramycin) or neomycins but its substrate profile is limited to 
gentamicin, sisomicin and 6’-netilmicin. It also shows similar sequence homology to another 
acetyltransferase (AAC-IVa) with a highly limited substrate profile, however, there is still no 
similarity in their substrate profiles and gentamicin is the common substrate between them.     

In order to understand molecular principles that govern the substrate selection by these enzymes, 
our laboratory is embarked on cloning, expression and purification of several of these enzymes 
ranging from broadest-to-narrowest substrate profiles to study. This work involves cloning the 
AAC-VIa encoding gene from genomic DNA into an expression vector. The conditions for 
protein expression and purification are optimized. This would be followed by the thermodynamic 
characterization of enzyme's properties using ITC (Isothermal titration calorimetry) and DSC 
(Differential scanning calorimetry) .To study the dynamics of the enzyme, nitrogen -proton 
correlations and H/D exchange experiments would be performed using NMR. 
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       Background: Lysine methyltransferase G9a can regulate the transcription of many genes by 
specifically catalyzing histone H3 site 9 lysine mono- and di-methylation, as well as some non-
histone lysine sites. Aberrant methylation of these proteins is associated with certain types of 
cancers and developmental disorders. It was reported that histone G9a selectively regulated the 
fast proliferating myeloid progenitors, but no affects on hematopoietic stem cells (HSCs). G9a 
is emerging as attractive drug targets for leukemia. The current G9a inhibitors can be classified 
into 3 types: type I including BIX-01294 and the derivatives1, 2 ; type II including BIX-0138 and 
derivatives3; types III including fungal metabolite chaetocin4, 5. The existing inhibitors such as 
UNC0224, UNC0638, UNC0642, E72 and A-366 have been derived from BIX-01294. All the 
G9a inhibitors derived from BIX-01294 harbor the same Quinazoline core. Meanwhile, the 
studies of clinical potential of G9A type I and type III inhibitors indicate that G9a inhibitors 
have great pharmacological inhibition for leukemia cells. Our previous works showed DNMT3a 
mutations caused leukemia through mediating abnormal self-renewal and proliferation of the 
leukemia stem cells (LSCs)6, and other lab’s work showed that G9a related to de novo DNA 
methylation and prevents reprogramming of some embryonic genes. Drug discovery for 
targeted epigenetic enzymes would be a new route for leukemia therapy, especially for the 
treatment of the mutations involving in epigenetic regulatory pathways7. Methods & Results: 
In this study, through protein 3D-structure based molecule virtual screening of a library 
containing more than 200, 000 compounds, some novel compounds were initially obtained. 
Among these compounds, a new G9a inhibitor, DCG066, was identified by in vitro enzyme 
activity assays. The compound has a novel molecular structure, which is completely different 
with all other available G9a inhibitors. DCG066 can directly bind to G9a with low dissociation 
constant (Kd =18uM) measured by surface plasmon resonance (SPR); the in vitro G9a 
methyltransferase activity inhibitionIC50is 6.5uM; and the in vivo cell inhibitions IC50 are varied 
from 1.7uM to 6.6 uM for different tumor cells. DCG066effectively suppresses G9a 
methyltransferase activity, and reduces histone H3 methylation levels in cancer cells, while 
displaying low cytotoxicity in normal cells. As G9a overexpression was reported to connect 
with several cancers, in order to check the G9a experession level in more different cancer cells, 
we analyzed the G9a mRNA level and protein level by using quantitative real-time PCR and 
western blotting respectively.  To be surprised, leukemia cell lines have higher G9a expression 
level than all the other solid tumor cells. K562 leukemia cancer cell line has the highest G9a 
expression level. We then carried out further in vivo assay with K562 cell. DCG066 decreases 
the level of di-methylation of histone H3 Lysine 9 (H3K9Me2), and inhibits cell proliferation, 
blocks cell cycle and induces cell apoptosis. Conclusion: Considering the good activity and low 
cytotoxicity in leukemia cells, DCG066 offers to be an excellent probe for exploring the 
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functions of G9a, as well as a new lead compound for designing G9a inhibitors. What we 
discovered DCG066 and the further derivatives could be tentatively called type IV G9a 
inhibitors. From a practical perspective, this study reveals a novel and specific G9a inhibitor 
that is relevant to leukemia disease. 
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2QH�SRW�FKHPR�HQ]\PDWLF�V\QWKHVLV�RI�*'3�0DQ�DQG�DQDORJXHV�
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6XJDU� QXFOHRWLGHV� DQG� DQDORJXHV� DUH� YDOXDEOH� VXEVWUDWHV� DQG� SUREHV� WR� LQYHVWLJDWH�
JO\FRV\OWUDQVIHUDVHV��3UHSDUDWLRQ�RI�VXFK�PROHFXOHV�LV�WKHUHIRUH�RI�JUHDW�LQWHUHVW�DQG�KDV�EHHQ�DQ�
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DSSURDFKHV�WR�REWDLQ�*'3�/�)XF��8'3�*OF1$F��8'3�*DO1$F�DQG�WKHLU�DQDORJXHV��+HUHLQ��ZH�
GHVFULEH� WKH�SUHSDUDWLRQ�RI�DQRWKHU�FRPPRQ�VXJDU�QXFOHRWLGH��*'3�0DQ��DQG�DQDORJXHV�YLD�D�
RQH�SRW�PXOWL�HQ]\PH�VWUDWHJ\�VWDUWLQJ�IURP�FRUUHVSRQGLQJ�PRQRVDFFKDULGHV���

$PRQJ�JXDQRVLQH��¶�GLSKRVSKDWH��*'3��DFWLYDWHG�VXJDUV��*'3�0DQ�LV�HVVHQWLDO�IRU�WKH�
ELRV\QWKHVLV� RI� HXNDU\RWLF� JO\FDQV�� JO\FRV\OSKRVSKRLQRVLWRO� �*3,�� DQFKRUV�� DQG� EDFWHULDO� FHOO�
VXUIDFH� SRO\VDFFKDULGHV�� *'3�0DQ� LV� DOVR� D� IXQGDPHQWDO� PHWDEROLF� LQWHUPHGLDWH� IRU� WKH�
ELRV\QWKHVLV� RI�PDQ\� RWKHU� QDWXUDO�*'3�VXJDUV�� LQFOXGLQJ�*'3�PDQQXURQLF� DFLG�*'3�/�)XF��
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�*'3�*OF1+���DUH�NH\�LQWHUPHGLDWHV�LQ�WKH�ELRV\QWKHVLV�RI�E����JOXFDQV��JOXFRV\OJO\FHUDWH��DQG�
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DQDORJXHV�� 7KH� ILUVW� HQ]\PH�ZDV�1DK.��ZKLFK� FDWDO\]HG� WKH� IRUPDWLRQ� RI�PRQRVDFFKDULGH� ��
SKRVSKDWHV�� 7KH� VHFRQG� HQ]\PH� ZDV� 3)0DQ&�� ZKLFK� FDWDO\]HG� WKH� UHYHUVLEOH� IRUPDWLRQ� RI�
*'3�VXJDU� DQG� S\URSKRVSKDWH� IURP�PRQRVDFFKDULGH� ��SKRVSKDWH� DQG� JXDQRVLQH� WULSKRVSKDWH�
�*73��� 7KH� ODVW� HQ]\PH� ZDV� DQ� LQRUJDQLF� S\URSKRVSKDWDVH� FORQHG� IURP� (�� FROL� �(F33$��� ,W�
GULYHV�WKH�UHDFWLRQ�WRZDUGV�WKH�IRUPDWLRQ�RI�*'3�VXJDUV�E\�K\GURO\]LQJ�WKH�S\URSKRVSKDWH�E\�
SURGXFW��7KH�V\VWHP�ZDV�YHU\�HIILFLHQW�LQ�V\QWKHVL]LQJ�*'3�0DQ��������*'3�0DQ1+���������
*'3�0DQ1�� �������*'3�0DQ)� �������*'3�*OF� �������*'3���GHR[\*OF� ������� DQG�*'3�
*OF1+�� ������ IURP� FRUUHVSRQGLQJ� PRQRVDFFKDULGHV�� ,Q� DGGLWLRQ�� LW� JDYH� PRGHUDWH� \LHOG� RI�
*'3�7DO� ������DQG�*'3�0DQ�1���������DQG� ORZ�\LHOG�RI�*'3�*OF1�� �������+RZHYHU�� WKH�
V\QWKHVLV�RI�*'3�0DQ1$F�DQG�*'3�*OF1$F�ZDV�QRW�VXFFHVVIXO���
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DQDORJXHV�� DV� ZHOO� DV� *'3�7DO�� *'3�*OF� DQG� *'3�*OF1+��� $SSO\LQJ� WKHVH� PROHFXOHV� LQ�
VWXG\LQJ�PDQQRV\OWUDQVIHUDVHV�DUH�XQGHUJRLQJ��
�
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Anchor Glyco-extension: A new strategy for synthesis of N-glycan library 

Yunpeng Liu, Lei Li, Baolin Wu, Peng George Wang 
Departments of  Chemistry, Georgia State University, Atlanta, GA 30303 

 
        The N-glycans play important roles in biological events such as cell adhesion, cell 
differentiation, pathogen infection, and immune response. However, a clear understanding of 
biological roles of such glycans has been remarkably slow, mainly due to the lack of sufficient 
chemically defined, uniform glycoforms. A systematic, efficient means of producing diverse 
libraries of N-glycans is needed to investigate the rapid analysis of carbohydrate binding proteins 
(CBPs), elucidation of CBP biology, and development of diagnostics and therapeutics for many 
diseases. For this purpose, a new efficient strategy, anchor glyco-extension, for the chemo-
enzymatic synthesis of hybrid-type and complex-type N-glycans libraries was developed. Firstly, 
several penta-, hex-, heptasaccharide N-glycans were chemically synthesized.1-3 With those N-
glycans in hand, a variety of bacterial/mammalian glycosyltransferases and mannosidases were 
employed to expand the carbohydrate chains and generate a glycan library by using synthesized 
N-glycans as anchor.4 The results indicates that our anchor glycol-extension strategy for 
synthesis of N-glycan library is feasible and efficient.   
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Gong Chen*. “ Chemical Synthesis of a Bisphosphorylated    Mannose-6-Phosphate N-
Glycan and its Facile Monoconjugation with Human   Carbonic  Anhydrase II for in vivo 
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       Posttranslational modification of proteins plays important roles in gene expression, 

transcription, and regulation of protein functions. Many kinds of enzymes are involved in this 

modification including histone acetyltransferases and lysine methyltransferases which can add an 

acetyl  group  or  methyl  group  to  the  ε-nitrogen atom of lysine residues. The exploration of new 

substrates for these enzymes is crucial for acquaintance of enzyme structure-function 

relationship and for the selective inhibitor design. In this work, we designed and synthesized an 

unnatural lysine analog in which  the  δ-CH2 group on the natural lysine side chain is substituted 

by an oxygen atom, and we incorporated this unnatural lysine surrogate into the histone H3 

peptides. We expect that the new peptides could be better substrates for lysine acetyltransferases 

and lysine methyltransferases due to the oxygen atom which could confer the stronger basicity to 

the nitrogen atom via the alpha-affect. But to our surprise, the experiment results showed that the 

novel peptides are good substrate only for certain enzymes but not for other enzymes compared 

with the natural peptide. So, the novel substrates are interesting molecule tools for exploring the 

differences of structure features and substrate specificities for these enzymes.  
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BRCA1 is a tumor suppressor protein and its function is implicated in genome  

maintenance and DNA repair. BRCA1 also has ubiquitin ligase activity and this activity is  
increased when it forms a heterodimer with BARD1. Mutations within the RING finger of this  
domain have been correlated to loss of tumor suppressor functions. Although we know this, it  
has been an ongoing challenge to identify substrates for BRCA1 and thus determine the  
pathological relationship between BRCA1 mutation and disease. Our approach to identifying  
these substrates is to use Orthogonal Ubiquitin Transfer (OUT), essentially tailoring the ubiquitin  
enzymatic pathway for substrate-specific ubiquitination. Currently, we have cloned and  
BRCA1/BARD1 gene, and transfected into the phagemid vector. Using phage display, we are  
attempting to identify E2-BRCA1/BARD1 interactions for development of OUT. By introducing  
random mutations into our BRCA1/BARD1 heterodimeric fusion protein, we hope to screen for  
specific E2-BRCA1/BARD1 activity.  
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M1 AMINOPEPTIDASES: AN ANALYSIS OF PHYLOGENY AND FUNCTION 
 

Karen Maynard, Shannon Smith Rebecca Seipelt-Thiemann 
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The human M1 aminopeptidase gene family encodes twelve proteins that catalyze numerous 
important reactions in the body, including several in the immune system.  However, the activity 
and function of some members are yet to be determined.  While they have maintained several 
distinct features that enable their function, such as the characteristic HEXXHX18E motif, overall 
amino acid sequence identity is fairly low.  This suggests that divergence began long ago.  The 
goal of this study was to compare the gene structure, amino acid sequence similarity and identity, 
and published functional characteristics to determine the relationships among the gene family 
members. For the most part, gene structure comparisons, sequence identity/similarity analyses, 
and functional studies subdivide the family into at least three major groups.  Group 1 is TRHDE, 
ANPEP, LNPEP, ENPEP, NPEPPS, ERAP1, and ERAP2.  Group 2 is RNPEP, RNPEPL1, and 
LTA4H.  Group 3 is APO.  Gene structure comparisons, multiple alignments, phylogenetic trees, 
Consurf 3-dimensional analyses, as well as function tables, will be presented. 
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Membrane Inlet Mass Spectrometry Reveals that  Ceriporiopsis subvermispora  
Bicupin Oxalate Oxidase is Reversibly Inhibited By Nitric Oxide 

Ellen W. Moomaw‡, Chingkuang Tu#, and David N. Silverman#  
‡Department of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA 30144; #Department of 

Pharmacology and Therapeutics, University of Florida, Gainesville, FL 32610 
  
Membrane inlet mass spectrometry (MIMS) uses a semipermeable membrane as an inlet 

to a mass spectrometer for the measurement of the concentration of small uncharged molecules 
in solution [1]. We report here the use of MIMS to characterize the catalytic properties of oxalate 
oxidase (OxOx, E.C. 1.2.3.4) from Ceriporiopsis subvermispora (CsOxOx). Oxalate oxidase is a 
manganese dependent enzyme that catalyzes the oxygen-dependent oxidation of oxalate to 
carbon dioxide in a reaction that is coupled with the formation of hydrogen peroxide. CsOxOx is 
the first bicupin enzyme identified that catalyzes this reaction [2]. The MIMS method of 
measuring OxOx activity involves continuous, real-time detection of oxygen consumption and 
carbon dioxide production from the ion currents of their respective mass peaks. 13C2-oxalate is 
used to allow for accurate detection of 13CO2 (m/z 45) despite the presence of 12CO2. Steady-state 
kinetic constants determined by MIMS are comparable to those obtained by a continuous 
spectrophotometric assay in which H2O2 production is coupled to the horseradish peroxidase 
catalyzed oxidation of 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulphonic acid) [3].  Furthermore, 
we used the MIMS technique to determine that the presence of NO significantly decreases the 
activity of the CsOxOx with a KI of 0.58 ± 0.06 mM. The enzyme recovers activity when the NO 
is removed. The implications of these observations with respect to the proposed catalytic 
mechanism will be discussed. This work was supported by the National Science Foundation 
(MCB-1041912) to EWM. 
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Flavin Induced Oligomerization Studies in the Alkanesulfonate Monooxygenase Flavin 
Reductase  
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The alkanesulfonate monooxygenase system is induced as an alternative pathway for sulfur 

acquisition when bacterial systems are in an environment that has low levels of sulfite and cysteine. 
This two component system is composed of SsuE which reduces flavin utilizing NADPH as the 
electron donor, and transfers the reduced flavin to SsuD. The SsuD enzyme is a monooxygenase 
that cleaves the C-S bond of alkanesulfonates in the presence of dioxygen and reduced flavin to 
produce sulfite and the corresponding aldehyde (1). 

Different oligomeric states have been reported for SsuE. The flavin-free SsuE enzyme in 
solution was shown to be a homodimer through gel filtration studies (2). However, a recent three-
dimensional structure shows flavin-bound SsuE exists as a homotetramer. It is therefore possible 
that an oligomeric switch occurs based on the presence or absence of flavin. Similar shifts in the 
oligomeric state of flavin reductases have previously been demonstrated (3). Results from 
analytical ultracentrifugation studies showed that flavin-bound SsuE is a homodimer with an 
average molecular weight of 39 ± 1 kDa, while flavin-free SsuE is a homotetramer with a 
molecular weight 73 ± 6 kDa. These results suggest that flavin binding alters the oligomeric state 
of SsuE, and that the oligomeric shift may be concentration dependent.  

In the three-dimensional structure, the quaternary structure of SsuE exists as a dimer of 
dimers. The enzyme has a flavodoxin fold that contains ILYH�SDUDOOHO�ȕ-strands at the center, that 
DUH�IODQNHG�E\�Į-helices. A ʌ-helix is located in the dimer interface of SsuE that contains conserved 
Tyr118. The hydroxyl group of Tyr118 forms a hydrogen bond with Ala78 across the interface. In 
order to evaluate the role of Tyr118 in catalysis, a variant was generated substituting Tyr118 with 
Ala. Expression and purification of Y118A SsuE resulted in flavin-bound SsuE containing both 
FMN and FAD. There was no observable activity in coupled assays with flavin-bound Y118A 
SsuE monitoring SsuD desulfonation. Deflavination was performed to generate flavin-free Y118A 
SsuE to measure both flavin reductase and desulfonation activity, and the affinity of Y118A SsuE 
for FMN or FAD was determined by spectrofluorimetric titrations. The results suggest that flavin-
free Y118A SsuE has an increased binding affinity for flavin compared to wild type SsuE. These 
studies provide new insights on flavin-induced oligomerization and the structural regulation of 
flavin transfer by SsuE.  

1.  Ellis, H. R. (2011) Mechanism for sulfur acquisition by the alkanesulfonate 
monooxygenase system, Bioorg. Chem. 39, 178-184. 

2.  Eichhorn, E., van der Ploeg, J. R., and Leisinger, T. (1999) Characterization of a two-
component alkanesulfonate monooxygenase from Escherichia coli, J. Biol. Chem. 274, 
26639-26646. 

3. Liu, M., Lei, B., Ding, Q., Lee, J. C., and Tu, S. C. (1997) Vibrio harveyi NADPH:FMN 
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equilibrium, Arch. Biochem. Biophys. 337, 89-95. 
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Interacting Protein, Tip60 

Liza Ngo, Chao Yang, and Y. George Zheng* 
Department of Pharmaceutical and Biomedical Science, University of Georgia, Athens, GA 
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A key member of the MYST family histone acetyltransferase is the 60-kDa HIV-1 Tat-
interacting protein (Tip60). Tip60 plays a big role in epigenetic control, apoptosis, and DNA 
repair. Deregulation of Tip60 has been linked to many disease phenotypes such as prostate 
cancer and neurological disorders. Potent and selective inhibitors for Tip60 are potential 
therapeutic agents and are also valuable tools for studying the functions of the enzyme. Tip60 is 
composed of two important domains: the chromodomain and the catalytic MYST domain. The 
chromodomain region of this enzyme consists of a hydrophobic aromatic cage that interacts with 
methyl lysine residues in histone H3 substrate. The catalytic domain of Tip60 functions to 
catalyze the transfer of the acetyl group from acetyl-CoA to specific lysine residues on the N-
terminal tails of nucleosomal core histones, e.g. lysine-14 residue of H3. In this work, we 
designed, synthesized and evaluated a new set of substrate-based inhibitors containing multiple 
binding modalities. In addition to the CoA moiety conjugated to H3 peptide at Lys-14 position, 
mono- and trimethylated lysine residues were incorporated at Lys-4 and/or Lys-9 sites in the H3 
peptide substrate. The biochemical assay results showed that the presence of methyl group(s) on 
the substrate resulted in more potent inhibitors to Tip60, relative to the parent H3K14CoA 
bisubstrate inhibitor. Importantly, by comparing the inhibitory properties of the ligands against 
full-length Tip60 versus the HAT domain, we determined that the K4me1 and K9me3 marks 
contributed to the potency augmentation by interacting with the catalytic region of the enzyme. 
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Elucidating the Enzyme(s) Responsible for Novel Post-translational Modification of 
Methyl-coenzyme M Reductase 

!
Phong Ngo and Steven Mansoorabadi 

!
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!
Biological methane production is dependent on the terminal step of 

methanogenesis in which methyl coenzyme M reductase (MCR) catalyzes the formation 
of methane from methyl coenzyme M and coenzyme B. Present in MCR are several post-
translational modifications with both unknown origin and function. MCR in the 
methanogenic archea Methanosarcina acetivorans contains four of these post-
translational modifications: 1-N-methylhistidine, S-methylcysteine, 5-(S)-methylarginine, 
and a thiopeptide bound thioglycine. A putative MCR maturase was identified through a 
comparative genomics investigation and studies are underway to determine if it is 
responsible for one or more of the novel post-translational modifications in MCR. 
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Synergestic effect of peroxidatic electron donors on the catalase activity of Catalase-Peroxidase. 
Olive J. Njuma*, Elizabeth N. Ndontsa, Douglas C. Goodwin. 
Department of Chemistry and Biochemistry, College of Sciences and Mathematics, Auburn University, AL 36849. 
 
 
Catalase-peroxidase (KatG) is a bifunctional enzyme that decomposes H2O2 in bacteria and lower eukaryotes. By 
structure, KatG is highly similar to eukaryotic peroxidases like cytochrome c peroxidase. However, KatG exhibits a 
catalase activity that rivals that of canonical catalases, an ability no other member of its superfamily possesses. We 
observed the stimulation of catalase activity by peroxidatic electron donors (PxEDs). These results were unexpected 
because the prevailing paradigm for this enzyme from its discovery is that the two activities of KatG are mutually 
antagonistic. The synergestic effect of the PxEDs not only points toward a mechanism for much more efficient 
detoxification of H2O2, but also substantially broadens the conditions under which such a response can be produced. 
To evaluate the mechanism by which PxEDs increase KatG catalase activity, we produced variants of the enzyme 
targeting three novel features of the KatG structure. First, the M255I, Y229F, and W107F variants prevent formation 
of the KatG–unique  MYW  covalent  adduct  and  eliminate  the  enzyme’s  catalase  activity.  We  observed  that  PxEDs  
were unable to restore any catalase activity to these variants, indicating that PxEDs do not act as electron transfer 
surrogates in place of the MYW adduct during turnover. Second, R418A targets an arginine residue whose 
conformation is pH dependent, pointing toward the MYW adduct at pH 7.0 but away from it at pH 5.0. R418A 
showed greatly diminished catalase activity, but this activity could be stimulated by PxEDs to an extent similar to 
wild-type. The wild-type, and R418A KatGs showed the same propensity to accumulate inactive intermediates in the 
absence of an appropriate PxED, but the prevention of inactivation required a much more extensive participation of 
the PxED for R418A than for wild-type. These data suggested that PxEDs prevented accumulation of inactive 
intermediates produced as a result of off-pathway intramolecular electron transfer. The W321F variant was produced 
to block a likely route for off-pathway transfer. This variant showed similar catalase activity to the wild-type 
enzyme and a similar stimulatory effect of PxEDs, indicating that W321 is not part of a conduit for off-pathway 
electron transfer events.  

 

 

60



Mechanistic Investigation of ᴅ-Arginine Dehydrogenase Variant I335H 
 

Daniel Ouedraogo1 and Giovanni Gadda1,2,3,4 
Departments of 1Chemistry and 2Biology, 3Centers for Biotechnology and Drug Design and 
4Center for Diagnostics and Therapeutics, Georgia State University, Atlanta, GA 30302-3965 
 

Arginine dehydrogenase (PaDADH) is a flavin-dependent enzyme found in the human 
pathogen Pseudomonas aeruginosa(1). The enzyme catalyzes the oxidation of ᴅ-amino acids to 
the corresponding imino acids, which non-enzymatically   are   hydrolyzed   to   α-keto-acids and 
ammonia(2). All ᴅ-amino acids except aspartate, glutamate and glycine are substrates for the 
enzyme, with the highest kcat/Km seen with ᴅ-arginine(2)

. With ʟ-arginine dehydrogenase 
PaDADH participates in the racemization of arginine(3). The side chain of I335 is 3.8 Å from the 
N(1)-C(2) locus of the FAD cofactor on the opposite side with respect to the ligand binding site. 
This locus is often occupied by a polar side chain in flavoprotein oxidases, raising the interesting 
question of what is the role of I335 in the enzyme. 

In this study, I335 was mutated to histidine (I335H) to evaluate how changing the protein 
polarity around the flavin N(1)-C(2) atoms may affect catalysis. Rapid kinetics, pH profiles, and 
kinetic isotope effects (KIE) were used to investigate the role of I335 in amine oxidation. The 
rate constant for flavin reduction (kred) with leucine as substrate increased to a limiting value of 
33 s-1 with increasing pH, showing a pKa of ~9.5. The Dkred value with deuterated leucine was 4.7 
irrespective of the pH between 8.0 and  10.0.  At  pH  ≤8.0,   the  kred and kcat values were similar, 
indicating that flavin reduction is fully rate limiting for the overall enzymatic turnover. The pH 
profiles for kcat and kcat/Km returned apparent pKa values of 9.1 and 8.4, respectively, consistent 
with the presence of commitments in the steady-state kinetic parameters of the enzyme. For 
comparison, the wild-type enzyme showed a limiting kred value at high pH of 133 s-1(4) and 
similar pKa values for kred, kcat and kcat/Km. The steady-state and rapid reaction parameters of the 
I335H enzyme were thus used to algebraically compute values for all the kinetic rate constants of 
the kinetic steps included in the reductive half-reaction. Thus, while the replacement of I335 with 
histidine minimally perturbs catalysis, it affects the fate of the enzyme substrate (ES) and 
product (EP) complexes in I335H.  

1. Fu, G., Yuan, H., Li, C., Lu, C. D., Gadda, G., and Weber, I. T. (2010) Conformational 
changes and substrate recognition in Pseudomonas aeruginosa D-arginine dehydrogenase,  
Biochemistry 49, 8535-8545. 
2. Yuan, H., Fu, G., Brooks, C. T., Weber, I. T., and Gadda, G. (2010) Steady-state kinetic 
mechanism and reductive half-reaction of D-arginine dehydrogenase from Pseudomonas 
aeruginosa, Biochemistry 49, 9542-9550. 
3. Li, C., and Lu, C. D (2009) Arginine racemization by coupled catabolic and anabolic 
dehydrogenases, Natl. Acad. Sci. U.S.A. 106, 906-911. 
4.Yuan, H., Xin, Y., Hamelberg, D., and Gadda, G. (2011) Insights on the mechanism of amine 
oxidation catalyzed by D-arginine dehydrogenase through pH and kinetic isotope effects, J. Am. 
Chem. Soc. 133, 18957-18965. 

This study is supported in part by NSF MCB-1121695. 
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Elucidation of the Heme d1 Biosynthetic Pathway 
Victoria Owens and Steven Mansoorabadi 

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

Pseudomonas aeruginosa is an opportunistic human pathogen that causes severe 
nosocomial infections and is responsible for the majority of lung infections in cystic fibrosis 
patients. P. aeruginosa is capable of anaerobic growth using nitrate or nitrite as a terminal 
electron acceptor. Nitrite is reduced to nitric oxide by nitrite reductase (NIR). Moreover, a 
functional NIR is required for the virulence of P. aeruginosa. The activity of pseudomonal NIR is 
dependent upon the unique cofactor heme d1. There are eight enzymes encoded by the nir 
operon, NirFDLGHJEN, which have been proposed to be responsible for the formation of heme 
d1 from uroporphyrinogen III, the last common intermediate in the biosynthesis of all 
tetrapyrrolic cofactors. The exact roles each of these enzymes play in the biosynthesis of heme 
d1 are unknown. An investigation using a combination of the in vitro and in vivo methods is 
currently underway to elucidate the heme d1 biosynthetic pathway. 
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Engineering towards Nitroreductase Functionality in Enereductase Scaffolds 

Jonathan T. Park, Lizzette M. Gómez Ramos, and Andreas S. Bommarius 
School of Chemical & Biomolecular Engineering, Georgia Institute of Technology, Atlanta, GA, 30332 

 
Nitroreductases (NRs) and enereductases (ERs) are flavin mononucleotide (FMN) 

containing enzymes that catalyze very different reactions. NRs can reduce nitro compounds to 
corresponding nitroso, and hydroxylamino compounds. They have gathered interest in several 
applications such as degradation of xenobiotic nitroaromatics, and activation of prodrugs in 
medical applications. ERs are capable of reducing unsaturated carbon double bonds with an 
adjacent electron withdrawing group. They can be utilized to produce chiral molecules when 
there are different substitutions on the unsaturated bond. Among previously studied ERs some 
have shown to have limited nitro reducing capabilities such as pentaerythritol tetranitrate (PETN) 
reductase from Enterobacter cloacae PB2 and old yellow enzyme (OYE) from Saccharomyces 
carlsbergensis. More recently, protein engineering studies were performed on xenobiotic 
reductase A (XenA) from Pseudomonas putida to show the possibility of increasing NR activity 
with mutations around the active site (1). 

Mutations were selected through rational design to engineer the enereductase KYE1 from 
Kluyveromyces lactis, an enzyme similar to OYE, to have an increase in NR activity (2). The 
main hypothesis was to enlarge the active site cavity size. Residues W116, F296, and Y375 were 
selected based on their positioning within the active site. Additional positions were also mutated 
to compensate for hydrogen bonding (M39) and ER activity elimination (H191 and N194). First 
round mutations were screened, and subsequent rounds were performed to study additive or 
synergistic effects. Wild-type KYE1 showed a specific activity towards 4-
nitrobenzenesulfonamide (4-NBS) of 0.01 U.mg-1. This activity was improved by two orders of 
magnitude through three rounds of mutations. The best variant F296A/Y375A was characterized 
and showed a kcat of 1.20 s-1 and a KM of 0.32 mM. Improving the NR activity also led to a 
decrease in ER activity which was completely abolished with the H191A/ F296A/Y375A 
variant.  

 
1. Yanto, Y., Yu, H. H., Hall, M., and Bommarius, A. S. (2010) Characterization of 

xenobiotic reductase A (XenA): study of active site residues, substrate spectrum and 
stability, Chemical Communications 46, 8809-8811. 

2. Chaparro-Riggers, J. F., Rogers, T. A., Vazquez-Figueroa, E., Polizzi, K. M., and 
Bommarius, A. S. (2007) Comparison of three enoate reductases and their potential use 
for biotransformations, Advanced Synthesis & Catalysis 349, 1521-1531. 

3.  Park, J. T., Gómez Ramos, L. M., Bommarius, A. S., Engineering towards Nitroreductase 
Functionality in Enereductase Scaffolds, to be submitted 
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D-glucosaminate 6-phosphate Ammonia-lyase:  A Novel PLP Enzyme in D-Glucosaminate

Metabolism in Salmonella Typhimurium

Robert S. Phillips‡§, Katherine A. Miller⊥, Kyle M. Friez§, Samuel C. Ting§, Jan Mrázek⊥, and

Timothy R. Hoover⊥

Departments of ‡Chemistry, §Biochemistry and Molecular Biology, and 
⊥
Microbiology, University of Georgia,

Athens, GA 30602

Salmonella Typhimurium can use D-glucosaminate as a carbon and nitrogen source by a

novel pathway in which D-glucosaminate is phosphorylated by a phosphotransferase on uptake

(1).  In addition to the permease and phosphotransferase, two additional genes in the dga operon

are required for growth of Salmonella on D-glucosaminate, DgaE and DgaF.  DgaE had been

annotated previously as a selenocysteine  synthase in the Salmonella  genome database,  while

DgaF was identified as an aldolase homologue.  We have cloned the DgaE protein, expressed it

in  E. coli,  purified  it,  and identified  it  as  a  novel  PLP-dependent  enzyme,  D-glucosaminate

6-phosphate ammonia-lyase.  The product of DgaE action on D-glucosaminate 6-phosphate was

identified by mass spectrometry as 2-keto-3-deoxygluconate 6-phosphate, which is cleaved by

DgaF to give pyruvate and D-glyceraldehye-3-phosphate (Figure 1).  The properties of this new

enzyme will be presented.

Figure 1.  Pathway for D-glucosaminate utilization in Salmonella Typhimurium.

1. Salmonella  utilizes  D-glucosaminate via a mannose family phosphotransferase system

permease and associated enzymes.  Miller, K. A., Phillips, R. S., Mrazek, J., Hoover, T.

R., J. Bacteriol. 2013 195, 4057-4066.
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Development  of  Selective  Inhibitors  for  Protein  Arginine  Methyltransferase  1    
  
Kun  Qian,†  Leilei  Yan,†,⊥  Chunli  Yan,‡  Hairui  Su,§  Xinyang  Zhao,§  Ivaylo  Ivanov,*,‡  and  Yujun  
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†Department  of  Pharmaceutical  and  Biomedical  Sciences,  College  of  Pharmacy,  The  University  of  Georgia,  Athens,  
Georgia  30602,  United  States  
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30302,  United  States  
§Department   of   Biochemistry   and  Molecular  Genetics,   Stem  Cell   Institute,   University   of  Alabama,   Birmingham,  
Alabama  35294,United  States  
  

Protein   arginine  methylation   is   a   posttranslational   modification   critical   for   a   variety   of  
biological   processes.   Misregulation   of   protein   arginine   methyltransferases   (PRMTs)   has   been  
linked   to  many  pathological   conditions   such   as   cardiovascular   disorders,   immune  diseases   and  
cancer.  Most  current  PRMT  inhibitors  display  limited  specificity  and  selectivity,  indiscriminately  
targeting  many  methyltransferase  enzymes  that  use  S-adenosyl-L-methionine  (AdoMet,  SAM)  as  
a   cofactor.  We   report   the   identification   of   diamidine   compounds  with  micromolar   potency   for  
specific   inhibition   of  PRMT1,   the   primary   type   I   arginine  methyltransferase.   Screening   results  
show   different   SAR   (structure   activity   relationship)   property   of   these   compounds   inhibiting  
PRMT1  and  PRMT5  (a  type   II  arginine  methyltransferase).  Docking,  molecular  dynamics,  and  
MM/PBSA  analysis  together  with  biochemical  assays  were  conducted  to  understand  the  binding  
modes  of   these   inhibitors  and   the  molecular   basis  of   selective   inhibition   for  PRMT1.  Our  data  
suggest   that   2,5-bis(4-amidinophenyl)furan   (furamidine,   DB75),   one   leading   inhibitor,   targets  
the  enzyme  active  site  and  is  primarily  competitive  with  the  substrate  and  noncompetitive  toward  
the  cofactor.  Furthermore,  cellular  studies  revealed  that  furamidine  is  cell  membrane  permeable  
and   effectively   inhibits   intracellular   PRMT1   activity   and   blocks   cell   proliferation   in   leukemia  
cell  lines  with  different  genetic  lesions.  
  
Reference:  
Yan,  L.,  Yan,  C.,  Qian,  K.,  Su,  H.,  Kofsky-Wofford,S.  A.,  Lee,  W.,  Zhao,X.,  Ho,  M.,  Ivanov,  I.,  
and   Zheng,   Y.   G.   (2014)   Diamidine   Compounds   for   Selective   Inhibition   of   Protein   Arginine  
Methyltransferase  1,  J.  Med.  Chem.  Article  ASAP.    
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The Two Acetyl Transferases: So Alike Yet So Different!  
 
Sherin R. Raval 1) and Engin Serpersu 1) 2) 
 
1) Department of Biochemistry, Cellular and Molecular Biology, The University of 
Tennessee, Knoxville, Tennessee 37996 
2) Graduate School of Genome Science and Technology, The University of Tennessee 
and Oak Ridge National Laboratory, Knoxville, Tennessee 37996 
 
 

A large number of enzymes expressed in both gram-positive and gram-
negative bacteria are able to modify aminoglycoside antibiotics and confer resistance 
to their action. These enzymes have been divided based on their chemical group 
transformation.  One such class is the acetyl transferases (AACs) - they catalyze the 
acetyl CoA-dependent acetylation of the amino group at the C3 position of the 
aminoglycoside.  This study focuses on a pair of acetyl transferases: The 
aminoglycoside-N3- acetyltransferase IIIb (AAC-IIIb) and the aminoglycoside-N3- 
acetyltransferase IIa (AAC-IIa).  AAC-IIa and AAC-IIIb are very similar in their 
amino acid sequence and structure and yet have a strong difference in their 
substrate selectivity, kinetic and thermodynamic properties. NMR data suggests that 
when AAC-IIa is in its apo form it has a very dynamic nature, seen by a number of 
overlapping peaks whereas the AAC-IIIb is much less dynamic.  Analytical 
ultracentrifugation (AUC) studies showed a major difference between these two 
enzymes; while AAC-IIa is a monomer, AAC-IIIb is a dimer in solution.  
  

Binding of aminoglycosides such as tobramycin or kanamycin to AAC-IIa 
causes the enzyme to adopt a well-defined structure in solution as detected by NMR. 
Studies using the isothermal titration calorimetry (ITC) showed that binding of two 
structurally very similar aminoglycosides, neomycin and paromomycin, caused 
opposing effects in heat capacity change and radius of hydration of the complex.  In 
this work, we used AAC-IIIb, enriched with 15N-Leu, in substrate titrations using NMR 
spectroscopy. Differential effects of these aminoglycosides were observed.   
  

The differential scanning calorimetry (DSC) studies showed that, unlike AAC-
IIIb, binding of aminoglycosides to AAC-IIa didn’t alter the Tm.  Temperature 
dependence of the binding of aminoglycosides to AAC-IIa revealed that above 22°C, 
the binding enthalpy includes contributions from folding enthalpy.  Below 22°C, the 
binding of aminoglycosides to this enzyme shows a heat capacity change consistent 
with carbohydrate-protein interactions and the binding enthalpy does not have 
contribution of the folding enthalpy.   
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Involvement of Hydride Tunneling and Dynamics in the Reductive Half-Reaction of 
Human Glycolate Oxidase 

Elvira Romero‡ and Giovanni Gadda‡§#⌘ 
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The flavoenzyme glycolate oxidase (GOX; E.C. 1.1.3.15) catalyzes the oxidation of 

glycolate to glyoxylate reducing dioxygen to hydrogen peroxide. This reaction occurs in human 
liver peroxisomes, where the glyoxylate is an immediate precursor of both glycine and oxalate. 
GOX has attracted attention of researchers as a potential drug target in hyperoxaluria, a disease 
characterized by excess of oxalate that often leads to calcium oxalate deposition and renal 
failure. A mechanism involving the hydride transfer from the substrate to the flavin is likely for 
GOX, as it has been suggested for another member of the same family (i.e., flavocytochrome b2) 
based on kinetic isotope effects and mutagenesis studies (1). In the present work, the effect of 
both temperature and glycerol (13%, w/v) on the rate constant for anaerobic flavin reduction 
(kred) has been determined using a stopped-flow instrument and either glycolate or [2, R-2H]-
glycolate as substrate. This approach has allowed us to investigate the role of hydride tunneling 
and dynamics in the reductive half-reaction of GOX. 

  
The analysis of the temperature dependence of the kred and substrate kinetic isotope effect 

on kred (Dkred) values was carried out using the Eyring and Arrhenius equations, respectively. The 
kred values increased with increasing temperature using either protiated or deuterated glycolate in 
presence and absence of glycerol, yielding enthalpy of activation values significantly different 
from zero [ΔH‡ ≥ 43 (±5)]. This result is consistent with the presence of thermally activated 
enzyme motions (2). A significant small Dkred value was determined under all conditions, 
suggesting that the cleavage of the glycolate α-CH bond is partially rate-limiting in the enzyme 
reductive half-reaction. The Dkred values were temperature-independent in absence of glycerol 
[1.4 (±0.1)], and thus the difference between the energy of activation for the protiated and 
deuterated substrate was not significantly different from zero [ΔEa = 2.5 (±1.4)]. This result 
suggests that hydride transfer takes place by tunneling in the highly preorganized active site of 
GOX (2). In presence of glycerol, the Dkred values ranged from 1.7 (±0.1) at 10 °C to 2.8 (±0.2) at 
40 °C, yielding an anomalous negative ΔEa value [-13 (±3)]. Since the Dkred values in presence of 
glycerol at all temperatures are similar or higher than those in absence of the viscosigen, it was 
possible to rule out the presence of commitments masking the chemical step and other 
alternatives are currently under study. 
 
 
1. Sobrado, P., and Fitzpatrick, P. F. (2003) Solvent and primary deuterium isotope effects 

show that lactate CH and OH bond cleavages are concerted in Y254F flavocytochrome 
b2, consistent with a hydride transfer mechanism, Biochemistry, 42, 15208-15214. 

 
2. Klinman, J. P., and Kohen, A. (2013) Hydrogen tunneling links protein dynamics to 

enzyme catalysis, Annu. Rev. Biochem. 82, 471-96. 
 
 

This study was supported in part by Grant MCB-1121695 (G.G.) from the NSF. 
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The Group A streptococcus (GAS) is a E-hemolytic pathogen that uses heme as a source of iron. 
In GAS, the metallorepressor MtsR regulates metal homeostasis including iron and heme uptake. 
Here we describe a new MtsR-repressed gene, which we named hupZ (heme utilization protein). 
We used spectroscopic and biochemical methods to investigate heme binding and degradation by 
a recombinant HupZ protein. Heme titration experiments demonstrated that HupZ specifically 
binds heme with stoichiometry of 1:1. The addition of NADPH to heme-bound HupZ (in the 
presence of cytochrome P450 reductase and NADPH-regeneration system) triggered progressive 
decrease of HupZ Soret band and the appearance of an isosbestic peak at 660 nm. Differential 
spectroscopy showed that HupZ facilitates the release of carbon monoxide and ferrous iron from 
heme, and suggests that HupZ catalyzes a single turnover of heme degradation in vitro. To the 
best of our knowledge, this is the first enzyme among Streptococcus species with reported heme 
oxygenase activity. Heme free HupZ was crystallized   as   a   homodimer   with   a   split   β-barrel 
conformation   in   each   monomer   comprising   six   β   strands   and   three   α   helices.   This   structure  
resembles   the   split   β-barrel domain shared by the members of a recently described heme 
oxygenase family. However, HupZ is smaller and lacks key residues found in the proteins of the 
latter group, implying that it uses a unique mechanism for heme iron coordination. Phylogenetic 
analysis also separated HupZ from previously described heme oxygenases, suggesting that it 
belongs to a novel family of heme degrading enzymes. 
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Nitronate monooxygenase (NMO; E.C. 1.13.12.16) is a flavin dependent monooxygenase 

that inactivates the potent toxin propionate-3-nitronate (P3N) through a single electron transfer 
from the substrate to the cofactor. P3N is the conjugate base of 3-nitropropionic acid (3-NPA) 
and is found in plants and fungi as defense against herbivores. This compound impairs the 
Kreb’s cycle by irreversibly inhibiting succinate dehydrogenase and many intoxication cases of 
humans and livestock by P3N have been described with consequences ranging from neurological 
disorders to death. The study of NMO enzymes is not only of medical relevance, it also 
represents a unique tool for mechanistic enzymology as monooxygenation in flavoproteins 
usually occurs via the stabilization of a C4a-hydroperoxyflavin intermediate, while NMO 
displays the stabilization of a flavosemiquinone intermediate. (1) 

Despite the fact that 96% of genes annotated as hypothetical NMO in the GenBank 
database belong to bacteria only the fungal enzymes from Neurospora crassa (2) and 
Cyberlindnera (Williopsis) saturnus (3) have been rigorously characterized from a kinetic point of 
view. Moreover the current gene annotation of hypothetical NMO genes relies only on modest 
sequence similarity with the fungal enzymes, leading to a function prediction often not reliable. 

In this study we expressed and purified the recombinant hypothetical NMO PA4202 from 
Pseudomonas aeruginosa PAO1 and characterized it kinetically and structurally. This represents 
the first instance of combining structural and kinetic data of the same NMO enzyme, which 
highlights residues in the active site of PA4202 for site-directed mutagenesis studies. A 
bioinformatics analysis based on the residues identified in the crystal structure of PA4202 leads 
to the identification of four different conserved motifs that establish a class of NMO enzymes 
present in bacteria, fungi and two animals and represent an important breakthrough for the 
function prediction of hypothetical NMO genes.  

 
This study was supported by in part by Grant MCB-1121695 from the NSF (G.G.), a Molecular Basis of 

Disease Fellowship from Georgia State University (H.Y.), and COMBREX via the NIGMS 1RC2GM092602-01 
(G.G. and J.C.S.) 

 
1. Francis, K., Smitherman, C., Nishino, S. F., Spain, J. C., and Gadda, G. (2013) The biochemistry of the 

metabolic poison propionate 3-nitronate and its conjugate acid, 3-nitropropionate, IUBMB life 65, 759-768. 
2. Gadda, G., and Francis, K. (2010) Nitronate monooxygenase, a model for anionic flavin semiquinone 

intermediates in oxidative catalysis, Archives of biochemistry and biophysics 493, 53-61. 
3. Smitherman, C., and Gadda, G. (2013) Evidence for a transient peroxynitro acid in the reaction catalyzed 

by nitronate monooxygenase with propionate 3-nitronate, Biochemistry 52, 2694-2704. 
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The enzyme D-xylose isomerase (XI) catalyzes the isomerization of pentose and hexose 

sugars. It also catalyzes the epimerization of L-arabinose to L-ribose. Thus, XI has applications 
both in pharmaceutical and the biofuel industries. L-ribose is a rare sugar that is used in the 
synthesis of antiviral and anticancer drugs. The epimerization rate of L-arabinose to L-ribose by 
wild-type XI is very slow. Thus, enhancing the catalytic activity of XI for this epimerization 
reaction by introducing favorable mutations would be beneficial. Here, using a recent joint X-
ray/neutron structure of XI from Streptomyces rubiginosus and high-performance computing, we 
have performed molecular dynamics free energy perturbation (MD-FEP) simulations to compute 
the relative binding free energies of L-arabinose to a series of single and double mutants of XI. 
The simulations suggest that both the V135N and M88A/V135I mutants will lead to enhanced 
binding affinity of L-arabinose to XI. 
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Evaluation of computationally-designed enzymes by comparison with model systems 
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De-novo computational design of enzymes represents an exciting new avenue in 

enzymology, with an extraordinary potential to lead to important advancements in fields such as 
bioremediation of pollutants and enzyme-mediated synthesis of drugs. To date, only three 
computationally-designed enzymes (CDEs) have been successfully implemented: a retroaldolase 
(RA), a Kemp eliminase (KE), and a Diels-Alderase (DA). However, these enzymes use 
relatively hydrophobic substrates, and their rate constants are only 2-5 orders of magnitude faster 
than those of the uncatalyzed reactions in aqueous solution (1). These observations suggested 
that non-specific interactions, rather than specific interactions, might be operative in the CDEs. 

To provide a benchmark for the role of non-specific interactions in the reaction catalyzed 
by the RA, we have studied the retroaldol reaction of methodol in the presence of micelles and 
long-chain amines. We found that the combination of cetyltrimethylammonium chloride (CTAC) 
and dodecylamine enhances this reaction by four orders of magnitude (2). The same rate 
enhancement was observed with bovine serum albumin (BSA) and with a mutant version of the 
cellular retinoic acid binding protein II (CRABPII). These results, coupled with previous 
functional studies of a particular RA in the Herschlag lab (3), strongly suggest that non-specific 
interactions are used by this CDE and that other factors such as pKa shift of the catalytic lysine 
and positioning of additional residues do not play a significant role in catalysis.  

We have recently extended this analysis to the Kemp elimination. Akin to what 
previously observed for the retroaldol reaction, micelles of CTAC, in combination with a long-
chain phosphate or carboxylate, accelerate the Kemp elimination of 4-nitrobenzisoxazole by four 
orders of magnitude. Additional results from our lab strongly suggest that proteins with a 
carboxylate group in a hydrophobic environment are also able to catalyze the Kemp elimination 
to the same extent.  

Collectively, our and prior results strongly imply that non-specific hydrophobic pockets 
containing a lysine or a carboxylate residue can accelerate the retroaldol or the Kemp elimination 
reactions, respectively, to levels very similar to those of the CDEs. Thus, at least for these two 
reactions, the computational design might not have captured the essence of enzymatic catalysis.  

 
 

1. Kries, H.; Blomberg, R.; Hilvert, D. (2013) De novo enzymes by computational design, Curr. 
Opin. Chem. Biol. 17, 221.  

2. Schmidt, J.; Ehasz, C.; Epperson, M.; Klas, K.; Wyatt, J.; Hennig, M.; Forconi, M. (2013) 
The effect of the hydrophobic environment on the retro-aldol reaction: comparison to a 
computationally-designed enzyme, Org. Biomol. Chem. 11, 8419. 

3. Lassila, J.K.; Baker, D.; Herschlag, D. (2010) Origins of catalysis by computationally 
designed retroaldolase enzymes, Proc. Natl. Acad. Sci. U.S.A. 107, 4937 
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Beware of ternary complexes! How you make them matters. 
 
Adrianne L. Norris,† Jonathan Nickels,‡,§  Alexei P. Sokolov,*,‡,§ and Engin H. Serpersu*,†,∥  
 
†Department of Biochemistry and Cellular and Molecular Biology, The University of Tennessee, Knoxville, 
Tennessee 37996. ‡The Joint Institute for Neutron Sciences, Oak Ridge National Laboratory, Knoxville, Tennessee 
37831-6453. §Department of Chemistry, The University of Tennessee, Knoxville, Tennessee 37996. ∥Graduate 
School of Genome Science and Technology, The University of Tennessee and Oak Ridge National Laboratory, 
Knoxville, Tennessee 37996. 
 
The aminoglycoside N3 acetyltransferase-IIIb (AAC) is responsible for conferring 
bacterial resistance to a variety of aminoglycoside antibiotics. Nuclear magnetic 
resonance spectroscopy and dynamic light scattering analyses revealed a surprising 
result; the dynamics of the ternary complex between AAC and its two ligands, an 
antibiotic and coenzyme A, are dependent upon the order in which the ligands are 
bound. Additionally, two structurally similar aminoglycosides, neomycin and 
paromomycin, induce strikingly different dynamic properties when they are in their 
ternary complexes. To the best of our knowledge, this is the first example of a 
system in which two identically productive pathways of forming a simple ternary 
complex yield significant differences in dynamic properties. These observations 
emphasize the importance of the sequence of events in achieving optimal 
protein−ligand interactions and demonstrate that even a minor difference in 
molecular structure can have a profound effect on biochemical processes. 
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Effects of Solvent Viscosity on the Reaction Catalyzed by Nitronate Monooxygenase from 
Cyberlindnera saturnus 

Crystal Smitherman‡# and Giovanni Gadda‡§A# 
Departments of ‡Chemistry and §Biology, AThe Center for Biotechnology and Drug Design, and #The Center for 

Diagnostic and Therapeutics, Georgia State University, Atlanta, GA 30302-3965 
 
Nitronate monooxygenase (NMO, E.C. 1.13.12.16) is an FMN-dependent enzyme that 

catalyzes the oxidative denitrification of alkyl nitronates through the formation of an anionic 
flavosemiquinone and a peroxynitro acid intermediate. The kinetic properties of NMO have been 
previously characterized on the enzyme from Cyberlindnera saturnus var. Mrakii with the 
physiological substrate, propionate 3-nitronate (P3N). P3N, being highly toxic to livestock and 
humans through inactivation of the Krebs cycle, is oxidized by NMO with kcat/Km values greater 
than 107 M-1s-1. With the inclusion of NMO, there are only a handful of enzymes known to date 
that can oxidize organic compounds with kcat/Km ≥107 M-1s-1.  

 
In the current study, the effects of solvent viscosity on the steady-state kinetic parameters 

were used to further investigate the kinetic mechanism of NMO. kcat and kcat/Km values greater 
than 3000 s-1 and 107 M-1s-1 were measured using a Clark-type oxygen electrode. Steady-state 
kinetic parameters of NMO were then measured in solutions of increasing viscosities with either 
P3N or ethylnitronate (EN), a substrate analog devoid of the acetate moiety of P3N. At low pH 
the normalized kcat and kcat/Km values decreased linearly with increasing solvent viscosity, 
consistent with substrate capture and product release being (at least) partially rate limiting for 
turnover. In contrast, inverse hyperbolic dependences of the normalized kcat and kcat/Km values 
were observed at high pH in solvents of increasing viscosity, consistent with catalytically 
relevant isomerizations of enzyme complexes with both substrate and product. These effects 
allowed for the determination of kinetic rate constants for individual kinetic steps in the 
mechanism of reaction catalyzed by NMO.  

 
 

†This work was supported in part by NSF MCB-1121695 (GG) and Georgia State University 
Fellowship from The Center for Diagnostics and Therapeutics (CS). 
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Chemical Mechanism of Flavin-Dependent Ornithine N5-Hydroxylases 
 
Pablo Sobrado*,Somayesadat Badieyan, Reeder Robinson, Department of 
Biochemistry, Virginia Tech, Blacksburg, VA 24061 USA 
 
Flavin-dependent monooxygenases catalyze the NADPH- and O2-dependent 
hydroxylation of a variety of substrates. At the center of the chemical mechanism 
of these enzymes is the formation and stabilization of the C4a-hydroperoxyflavin 
intermediate, which is the hydroxylating species (1).  Siderophore A (SidA) is a 
flavin-dependent monooxygenase that catalyzes the hydroxylation of ornithine at 
the N5-position in the biosynthesis of siderophores in Aspergillus fumigatus. This 
enzyme has been identified as a target for drug development because its function 
is essential for virulence (2,3).  We present results from biochemical, DFT, 
molecular dynamics simulations, and structural approaches that have allowed the 
detailed characterization of the mechanism of stabilization of the C4a-
hydroperoxyflavin and the hydroxylation reaction. The results support a 
mechanism of coenzyme-assisted catalysis in SidA, where NADP(H) is involved 
in flavin reduction, proton transfer, and stabilization of the C4a-
hydroperoxyflavin intermediate. The hydroxylation mechanism was shown to 
occur via the transfer of a hydroxyl radical from the flavin intermediate to the N5-
ornithine, a mechanism known as a “somersault” reaction (Figure 1). The results 
are relevant to other flavin-dependent enzymes and have implications for drug 
design. This work was supported by an NSF MCB grant (1021384). 
 

A)      B) 

                           
Figure 1. A) DFT$optimized$coordination$of$protonation$of$the$C4a5
hydroperoxiflavin$and$B)$hydroxylation$by$OH$in$a$somersault5type$
mechanism.$$
 
References 
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2) Franceschini S, Fedkenheuer M, Vogelaar NJ, Robinson HH, Sobrado P, Mattevi A. (2012). 
Biochemistry. 51.7043-5.   
3) Chocklett, W.S, Sobrado, P. (2010) Biochemistry. 49. 6777-8 

N323 

!"##$%$

!"&'$%$
$

2’ !"#$

!"%!$ !"%&$

74



Investigation on the catalytic mechanism of flavin-dependent 
propionate-3-nitronate monooxygenase from Pseudomonas sp. strain 

JS189 
Dan Su‡, Kevin Francis‡ and Giovanni Gadda ‡Aβ#  

Department of ‡Chemistry, ABiology, βCenter for Biotechnology and Drug Design, and 
#Center for Diagnostics and Therapeutics, Georgia State University, Atlanta, GA 30302-

3965 
 

Propionate-3-nitronate (P3N) is a highly toxic nitro compound that irreversibly inhibits 
mitochondrial succinate dehydrogenase, resulting in neurological disorders and even 
death in humans and animals.1 Symptoms of P3N poisoning in cattle include poor 
coordination of the limbs and foaming of the mouth and nose.2 In plants, P3N serves as a 
defense mechanism against herbivores.1 An investigation of more than 500 species of 
legumes found that only the species that produce the toxin have P3N oxidizing activity, 
supporting the notion that the role of P3N oxidizing enzymes is protection against self-
poisoning.3 Recently genes annotated for nitronate monooxygenase (NMO) have been 
found in many bacteria. Previous study on propionate-3-nitronate monooxygenase 
(P3NMO) from Pseudomonas sp. strain JS189 shows that P3NMO allows bacteria to 
grow on P3N/3NPA as the sole carbon and nitrogen source.4 With the wide occurrence of 
P3N/3NPA, bacterial NMO may serve in protective and nutritional roles. P3NMO is an 
FMN-dependent enzyme, which oxidizes P3N to malonic semialdehyde.5 

In this study, we used pH effects, UV-visible absorption spectroscopy, and time-resolved 
absorption spectroscopy on the steady-state kinetics to probe various species relevant for 
catalysis with P3NMO. Neutral and anionic flavosemiquinones were observed in 
anaerobic reduction of P3NMO with P3N at different pH values, showing a pKa of 6.6. 
This is different from the behavior seen with the fungal enzyme, which stabilizes only the 
anionic species. A transient intermediate with absorbance at 300 nm was detected during 
turnover of the enzyme with P3N and oxygen, as previously reported for the fungal 
enzyme. A proposed chemical mechanism for the bacterial P3NMO is presented. 

Funding: NSF MCB-1121695 (G.G.) 
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An Investigation of the p53 Ubiquitin-Proteasome System using a Novel Non-Steady-State 
Enzyme Kinetic Model 

Prem Talwai 
Department of Mathematics  

California State University, Sacramento 
                                                      Sacramento, CA 95819-2605 

 
Overzealous MDM2-mediated ubiquitination of p53 characterizes and sustains over 50% 

of all human cancers. Successful targeted cancer therapy hinges on a thorough understanding of 
the ubiquitination process. Unfortunately, current steady-state enzyme kinetic models fail to 
accurately describe the ubiquitin-proteasome system, due to the assumption that the enzyme (E3 
ligase) is expressed at infinitesimally smaller concentrations than the substrates1 (ubiquitin-
conjugated E2 and target protein). This limitation of the quasi-steady-state assumption prohibits 
the use of steady-state models when analyzing the cancerous consequences of extreme ubiquitin-
ligase overexpression. This paper derives a novel non-steady-state mathematical model of 
reversible ordered ternary complex enzyme kinetics, which can be used to simulate the 
behavioral response of the p53 ubiquitin-proteasome system to specific variations in the cellular 
concentrations of p53, MDM2, and ubiquitin-conjugated E2D3. Computer simulations of the 
model were used to study the effects of E2D3-Ub and MDM2 concentrations on the rates of p53 
ubiquitination at different temperatures. At each temperature, it was observed that the ubiquitin-
ligase MDM2 accelerates the carcinogenic ubiquitination reaction, while ubiquitin-conjugated 
E2D3 inhibits it. It was also discovered that E2D3-Ub is a more effective inhibitor of 
overzealous p53 ubiquitination when present at higher concentrations. However, it was observed 
that high concentrations of p53 hinder the ability of E2D3-Ub to decelerate the reaction. The 
mathematical model successfully reproduced the experimentally observed p53-MDM2 
interaction. The derived model therefore suggests MDM2 as a prospective target for cancer 
therapy. In addition, the findings of this project propose recombinant E2D3-Ub as a new 
promising protein-based anticancer drug for targeting overzealous p53 ubiquitination. The 
derived model can suggest new therapeutic solutions for decreasing the harmful effects of many 
human cancers, bacterial infections, and inflammatory diseases (such as rheumatoid arthritis) 
characterized by an overzealous ubiquitin-proteasome system. Finally, computational simulation 
of this novel model provides a safe, fast, and cost-effective preliminary alternative to expensive 
in vitro experimentation. 

 
1. Segel, Lee A. "On the Validity of the Steady State Assumption of Enzyme 

Kinetics." Bulletin of Mathematical Biology 50.6 (1988): 579-93. Print. 
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Aptamers Act as Thrombin Activator 

Xiaohong Tan*[a], Sourav Kumar Dey[a], Cheryl Telmer[b], Xiaoliang Zhang[a][c], Bruce A. 
Armitage*[a][b], Marcel P. Bruchez*[a][b] 

[a] Department of Chemistry and Center for Nucleic Acids Science and Technology, Carnegie Mellon 
University, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213, United States; [b] Department of Biological 
Sciences, Carnegie Mellon University, 4400 Fifth Avenue, Pittsburgh, Pennsylvania 15213, United States; [c] 

School of Materials Science and Engineering, Beihang University, Beijing 100191, P.R. China. 
 

Thrombin is typically the target in anti-clotting therapy for many serious diseases such as 
heart attack and stroke. DNA aptamers are well-known thrombin inhibitors that prevent 
fibrinogen hydrolysis. We discovered, for the first time, that exosite-targeting anti-thrombin 
aptamers enhance the activity of thrombin toward a small peptide substrate, Sar(N-
Methylglycine)-Pro-Arg-paranitroanilide, and that the activation of the enzyme by these 
aptamers is strongly inhibited by their complementary DNAs. Our study reveals that treatment 
with mixed aptamers or with a dual aptamer construct exhibited a 8.6-fold or 7.8-fold 
enhancement in peptide hydrolysis relative to thrombin alone, a synergistic effect much higher 
than the activation observed with a monofunctional aptamer (1.5-fold for Apt27 or 2.7-fold for 
Apt15). In addition we first discovered that Apt27 is a biofunctional molecule to thrombin 
because of its activation effect. An enzyme kinetic study indicates that binding of aptamers to 
exosite I and II significantly activates thrombin towards the peptide substrate, illustrating that 
binding of aptamers to exosites can allosterically regulate the active site of thrombin. Our study 
suggests the necessity of considering possible side effects when DNA aptamers are used for 
clinical applications involving inhibition of thrombin-mediated clotting.  
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A Self-assembled Peptide Probe displays off/on Fluorescence and Magnetic 
Resonance Signals upon Binding to Neurokinin-1 Receptor 
 

Junchen Wu,† Jingxian Wu, † Ping Wei, # Keqin Kathy Li*†, and He Tian†     (kli10@gsu.edu) 
† Key Lab for Advanced Materials and Institute of Fine Chemicals, East China University of Science and 

Technology, Shanghai, China 
# Institutes of Biomedical Sciences, Shanghai Cancer Center, Fudan University, Shanghai, China 
 *Chemistry Department, Georgia State University, Atlanta, GA, USA   
 
Neurokinin-1 receptor (NK1R) is widely distributed in the lungs in related to lung cancer;[1] and it 
facilitates the survival, proliferation and metastasis of cancer cells in tissues and blood.[2] The 
detection and recognition of NK1R is useful for identifying lung cancer and monitoring the 
effects of drug therapy. It is noteworthy that the neuropeptide substance P (SP sequence: 
RPKPQQFFGLM-NH2) selectively binds NK1R as a ligand and be used to identify lung 
cancer.[3] Thus, the modified SP offers the possibility of achieving high selective binding to 
NK1R in serum and tumor tissues. To this end, probes of both magnetic resonance imaging (MRI) 
and fluorescence imaging (FI) could provide synergies for the noninvasive ideQWL¿FDWLRQ of lung 
cancer in a clinical or preclinical setting.[4] We report here a novel strategy to directly self-
assemble the modified substance P (SP) into well-defined two-dimensional nanostructures with 
Fe (II) ions. Building on our previous work,[5] probe 1 was synthesized by an Fmoc solid-phase 
method, which was composed of three functional groups. SP was introduced as the skeleton of 
the peptide:  (1) a sequence of five lysines was added next to the SP sequence to improve the 
water-solubility of probe; (2) Terpyridine, as a typical metal-chelated ligand,[6] has been used to 
construct a super-molecular complex with Fe (II) ions; (3) a fluorophore (hemicyanine dye) 
attached at the lysine side was used to observe changes of fluorescence and for cell imaging; [7] 
(4) Gd (III)-DOTA contrast agent was attached at the N-terminus to generate MRI signals. The 
self-assembled nanostructures with Fe (II) ions can quench ligand fluorescence and restrict water 
molecules access to Gd (III) ions in the aqueous environment. Upon binding to the neurokinin-1 
receptor, the nanostructures disassemble from two-dimensional to one-dimensional structures, 
which active multiple contrast agents to generate a strong fluorescent signal and a positive 
magnetic resonance imaging (MRI) contrast enhancement. Thus, this off-on response allows us 
to detect over-expressed receptors on tumor cells and identify lung cancer patients through serum 
samples.  In conclusion, we have developed a NK1R-targeting probe 1 that displayed a 
particularly high relaxivity with a sharp off-on switching behavior, and maintained affinity and 
VSHFL¿FLW\ by a dynamic self-assembly strategy. The fluorescence and MRI signals from this 
probe can be used to monitor the NK1R concentration in the sera and accordingly to find lung 
cancer patients. Moreover, considering the high detection sensitivity and convenient handling, 
our probe has great potential to be extended to the other tumors in monitoring the effects of drug 
therapy. 
References: 
(1) Lucattelli, M.; Fineschi, S.; Geppetti, P.; Gerard, N. P.; Lungarella, G. Am. J. Respir. Crit. Care. Med. 2006, 174, 

674. 
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Structurally Distinct Complexes of Ubiquitin and Sumo-modified PCNA Lead to Distinct 
DNA Damage Response Pathways 
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Proliferating cell nuclear antigen (PCNA) is a pivotal replication protein, which also 
controls cellular responses to DNA damage. Posttranslational modification of PCNA by SUMO 
and ubiquitin plays a substantial role in modulating these responses. How the modifiers alter 
PCNA-dependent DNA repair and damage tolerance pathways (e.g. translesion syntheisis or 
homologous recombination) is largely unknown. Here we employed a hybrid computational 
protocol to model ubiquitin-modified and SUMO-modified PCNA. We combined the resulting 
models with small angle X-ray scattering (SAXS) data to assess the structural differences among 
three modified PCNA complexes: PCNAK164-Ub, PCNAK107-Ub and PCNAK164-SUMO. Our 
results argue against allosteric models for the role of the modifier. We show that SUMO and 
ubiquitin have distinct modes of association to PCNA. Ubiquitin binding is characterized by 
segmental flexibility with multiple docked Ub positions on PCNA. By contrast, SUMO 
associates by simple tethering and adopts extended flexible conformations. Such dissimilarities 
could be traced to the anticorrelated surface electrostatic potentials of the two modifiers. Thus, 
our integrative modeling approach reveals a structural basis for the distinct functional outcomes 
upon PCNA ubiquitination or SUMOylation. 
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Discovery of Potent Inhibitors Targeting Protein Arginine Methyltransferases Using in 
Silico Virtual Screening 
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Protein arginine methylation is a posttranslational modification critical for a variety of 

biological processes, including epigenetic regulation, RNA splicing, signal transduction and 
cancer progression (1). We applied a virtual screening workflow based on a combination of 3D 
shape and electrostatic similarity screening (2) to discover novel scaffolds for PRMT inhibitors. 
We used the known small molecule, 2,5-bis(4-amidinophenyl)furan (DB75) (3), as a starting 
point for the ROCS and EON search. We discovered a series compounds to inhibit PRMT1 and 
PRMT5 activity under standard enzyme assay conditions. These results demonstrate that our 
virtual screening protocol is able to enrich novel scaffolds that could be useful for drug 
development of PRMT inhibitors and provide the basis for the PRMT specificity and selectivity. 

 
1. Wolf, S. S. (2009) The protein arginine methyltransferase family: an update about 

function, new perspectives and the physiological role in humans. Cell. Mol. Life Sci. 
2009, 66, 2109-2121. 

2.         OpenEye Scientific Software, Santa Fe, NM. http://www.eyesopen.com. 
3.        Yan, L. L., Yan, C. L., Qian, K., Su, H., Kofsky-Wofford,S. A., Lee, W., Zhao,X., Ho, M. 
            Ivanov, I., and Zheng, Y. G. (2014) Diamidine compounds for selective Inhibition of 

protein arginine methyltransferase 1, J. Med. Chem.  DOI: 10.1021/jm401884z. 
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Engineering E2-Parkin interaction by phage display
Mengnan Zhang, Karan Bhuripanyo, Yiyang Wang and Jun Yin*

Department of Chemistry, Georgia State University, Atlanta, GA 30302-4098

Protein modification by ubiquitin (UB) controls diverse cellular processes. UB is
conjugated to cellular proteins by sequential transfer through an E1-E2-E3 enzymatic cascade.
The cross-activities of 2 E1s, 50 E2s and thousands of E3s encoded by the human genome make
it difficult to identify the substrate proteins of a specific E3 enzyme in the cell. One way to solve
this problem is to engineer an orthogonal UB transfer (OUT) cascade in which the engineered
UB (xUB) is relayed by engineered E1, E2 and E3 enzymes (xE1, xE2, xE3) to modify the
substrate proteins of a specific E3.(1) We have already used phage display to construct the xUB-
xE1 and xE1-xE2 pairs that are orthogonal to the native E1 and E2 enzymes. We are currently
working on the xE2-xE3 pairs. The parkin protein is a RBR E3 ubiquitin ligase, which has been
impicated in a range of biologicl processes, including autopage of damaged mitochondria, cell
survival pathways, and vesicle trafficking. Mutations in the PARK2(parkin) gene are responsible
for an autosomal recessive form of Parkinson’s disease. We want to use OUT to identify the
substrate for the parkin E3 in order to elucidate the molecular mechanisms of Parkinson’s
Diseases. Our work on engineering the UB transfer cascades will enable us to use OUT to map
the signal transduction networks mediated by protein ubiquitination.

1. Bo Zhao, Karan Bhuripanyo, Keya Zhang, Hiroaki Kiyokawa, Hermann Schindelin, and
Jun Yin. Orthogonal Ubiquitin Transfer through Engineered E1-E2 Cascades for Protein
Ubiquitination. Chemistry & Biology. 19, 1265-1277.



Rescuing a Glycosyltransferase by Artificial Glycosylation  
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Glycosylation can improve the stability of glycoproteins; however, its application in 
protein engineering requires specific knowledge on glycobiology and reply on the complicated 
eukaryotic protein expression system. In this work, we developed a universal bacterial protein 
glycosylation system for glycoprotein biosynthesis. By introducing a plasmid carrying a 
universal glycosylation sequeon, this system is potential to glycosylate any protein in 
Escherichia coli without requirements to pre-engineer protein sequence. An unstable 
glycosyltransferase ColT have been successfully glycosylated, by which the thermostability of  
ColT was greatly improved that makes the enzyme suitable for the large scale production of 
blood type glycans. In conclusion, this work provided a facile glycosylation approach for protein 
engineering. We thank Dr. Yanyi Chen for the help on circular dichroism (CD) analyses of 
proteins. This work was supported by the NIH grant R01 GM085267. 
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Methylcobalamin, a derivative of vitamin B12, is a common cofactor for many enzymes 

involved in methyl transfer reactions. A cobalamin-dependent protein called HgcA has recently 
been shown to be required for the synthesis of the neurotoxin methylmercury by anaerobic 
bacteria. In that work, a strictly conserved Cys residue in HgcA was predicted to be a lower-axial 
ligand to Co(III), which has never been observed in a corrinoid protein. Here, we have carried 
out density functional theory (DFT) calculations to investigate methyl transfer reactions to two 
different Hg(II) substrates with model methylcobalamin complexes containing a lower-axial Cys 
or His ligand to cobalt, the latter of which is commonly found in other cobalamin-dependent 
proteins. In principle, methylcobalamin can transfer a methyl group as a cabocation, radical, or 
carbanion, but only the latter two species are plausible for transfer to electrophilic substrates 
such as Hg(II). We find that Cys thiolate coordination to Co facilitates both methyl radical and 
methyl carbanion transfer to Hg(II) substrates, but carbanion transfer is predicted to be more 
favorable overall in the condensed phase. Thus, our calculations support the proposal that the 
strictly conserved Cys in HgcA enhances the methylation of Hg(II) and that both radical and 
carbanion transfer remain viable mechanistic possibilities. Our findings are also consistent with 
HgcA representing a new class of corrinoid protein capable of transferring methyl groups to 
electrophilic substrates. 
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