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PO Box 3963 Ɣ Atlanta, GA Ɣ 30302-3963 Ɣ www.gsu.edu/giving 
     06/17/2011 Rev3 

 
 
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 help 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 of furthering scholarship, 
research and academic excellence.   
 
 
                
Donor(s) name(s) – First, Middle, Last Name (s)  
 
                
Street Address      City    State  Zip 
 
                
Home Phone                                  Cell Phone                                             Preferred E-mail Address 
 
             
Please designate my gift for the following purpose: Southeast Enzyme Conference Fund    

 

 

For Outright Gifts 
 

I/we would like to make a gift to the Georgia State University Foundation in the amount of  $   

_____ My check is enclosed.  _____ Please charge my credit card upon receipt (see information below).  
 

*Please make checks payable to GSU Foundation 

 

 
For Annual Pledges 

 

I/we would like to pledge a total of $ ______________ to the Georgia State University Foundation over a 

period of _____ month(s). 

 
My/our first installment will be paid by _________(date). I/we would like to receive pledge reminders on the following 
basis:  _____ Annually _____ Semi-annually _____ Quarterly_____ Other. 
 

        I authorize Georgia State University Foundation to charge my credit card by the installment dates indicated. 
 
        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 20-25 min plus Q&A up to 30 min total! 

7:45-8:15 Breakfast 

8:20-8:30 Welcome and Introductory Remarks - Robert Phillips, University of Georgia, Athens 

Session 1 - Chair, Tihami Qureshi, University of Tennessee, Knoxville 

8:30-9:00 Heather L. Condurso, University of Florida, Gainesville  
The Mechanism of Enzyme-catalyzed, Cofactor-independent Dioxygenation in the Biosynthetic 
Pathway to Vancomycin Antibiotics  

9:00-9:30 Catherine Njeri, Auburn University, Auburn  
Kinetic Analysis of the Non-Crosslinked Isoform of Cysteine Dioxygenase Using Tyr58A Variant 

9:30-10:00 Elizabeth Ndontsa, Auburn University, Auburn  
Role of Arg418 Switch in Electron-donor-enhanced Catalase Activity of M. Tuberculosis 
Catalase-peroxidase (KatG)  

10:00-10:30 Coffee Break 

Session 2 - Chair, Thomas Struble, College of Charleston, Charleston 

10:30-11:00 Lu Huo, Georgia State University, Atlanta  
Characterization of H228 Residue and Water Ligand in alpha-Amino-beta-Carboxymuconic-
episilon- Semialdehyde Decarboxylase (ACMSD): Insight into the Catalytic Mechanism of 
ACMSD Reaction  

11:00-11:30 Warintra Pitsawong, University of Kentucky, Lexington  
Integrated Computational Approach to the Analysis of 15N and 13C NMR in the Active Site of 
Flavodoxin 

11:30-12:00 Roberto Orru, Emory University, Atlanta  
pH Effects on Human Monoamine Oxidase B Catalysis: Correlations with Monoamine Oxidase A  

12:00-2:00 Lunchbox and Poster Session 

Session 3 - Chair, Robert Phillips, University of Georgia, Athens 

2:00-2:30 Carolyn Shirey, Virginia Tech, Blacksburg  
Substrate Binding Mechanism of Aspergillus fumigatus Siderophose A  

2:30-3:00 Michael Abrahamson, Georgia Tech, Atlanta  
Novel Amine Dehydrogenasees for the Selective Production of Chiral Amines 

3:00-4:00 Keynote Presentation - Victor Davidson, University of Central Florida 
Tryptophan tryptophylquinone (TTQ) Biosynthesis: How a Diheme Enzyme Catalyzes a 
Seemingly Impossible Reaction 

4:00-4:10 Concluding Remarks - Robert Phillips, University of Georgia, Athens 
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The mechanism of enzyme-catalyzed, cofactor-independent dioxygenation in the biosynthetic 
pathway to vancomycin antibiotics 

Heather L. Condurso, Paul F. Widboom, Elisha N. Fielding & Steven D. Bruner 

Department of Chemistry, University of Florida, Gainesville, FL 32611 
 
A small subset of the oxygenase family of enzymes is not dependent on any accessory 

cofactors or metals to bind and activate O2. One member of this family, DpgC, is involved in the 
biosynthesis of the nonproteinogenic amino acid 3,5-dihydroxyphenylglycine, which is a critical 
component of the vancomycin class of antibiotics (1).   We have recently solved the X-ray 
structure of DpgC, representing the first for a cofactor-independent dioxygenase (2). Co-crystal 
structures with designed synthetic analogs provide a molecular basis for substrate recognition 
and insights into the catalytic mechanism.  In addition, we have proposed a specific O2 binding 
pocket in DpgC based on the electron density maps. Using additional mechanistic probes, along 
with biochemical analysis of site-directed mutants, we have developed a mechanistic scheme (3).  
 

 
 
1. Widboom, P.F. , Bruner, S.D. (2009) Complex Oxidation Chemistry in the Biosynthetic 

Pathways to Vanomycin/Teicoplanin Antibiotics. ChemBioChem, 10, 1757-1764. 
2. Widboom, P. F., Fielding, E. N., Liu , Y., Bruner, S. D. (2007) Structural basis for 

cofactor-independent dioxygenation in vancomycin biosynthesis. Nature, 447, 342-345. 
3. Fielding, E. N., Widboom, P. F., Bruner, S. D. (2007) Substrate recognition and catalysis 

by the cofactorindependent dioxygenase DpgC. Biochemistry, 46, 13994-14000. 
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KINETIC ANALYSIS OF THE NON CROSSLINKED ISOFORM OF CYSTEINE 
DIOXYGENASE USING TYR58A VARIANT 

Catherine W. Njeri and Holly R. Ellis 
Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama 36849 

 
The enzymatic oxidation of L-cysteine to L-cysteine sulfinate is catalyzed by the 

mononuclear ferrous iron dependent enzyme, cysteine dioxygenase (CDO). This enzyme 
catalyzes the incorporation of both atoms of dioxygen into the sulfhydryl group of cysteine 
forming the cysteine sulfinate product1. Results from the three dimensional structure of CDO 
have established that this enzyme has a β-barrel structure that is characteristic of the cupin 
superfamily2. While some members of this superfamily have been shown to coordinate their 
active site iron using three histidine residues and a glutamate residue, CDO coordinates its active 
site iron using only three histidine residues.  Another unique feature of CDO is the crosslink 
between Cys93 and Tyr157 located near the active site3. This crosslink is not homogenous and a 
mixture of both the crosslinked and non crosslinked CDO isoforms are present following 
purification of the enzyme. Based on preliminary data, the substrate cysteine, ferrous iron, and 
dioxygen are crucial requirements for the formation of this crosslink.  

Previous studies have demonstrated that the homogenously crosslinked isoform of CDO 
is catalytically inactive and the activity of CDO has been attributed to the non crosslinked form 
of the enzyme. The three dimensional structure of CDO reveals several highly conserved amino 
acid residues that line the active site. These residues include Tyr58, Arg60, Ser153, and His155. 
Tyr58 is located at the active site entrance, and was proposed to be involved in a hydrogen 
bonding network.  In the present study, the role of Tyr58 in the catalytic mechanism of CDO was 
investigated. Tyr58 was substituted to alanine and the functional properties of the recombinant 
enzyme investigated. Interestingly, most of the Tyr58A CDO variant was found to be in the non 
crosslinked form when resolved on SDS-PAGE. The activity of the Tyr58A CDO variant was 
considerably higher than wild type CDO. The increased activity observed was attributed to the 
presence of a higher percentage of the non crosslinked isoform in the Tyr58A CDO variant 
further supporting the hypothesis that the non crosslinked form of CDO solely contributes to the 
activity observed in this enzyme. Additional studies were performed to investigate the role of 
Tyr58 in the mechanism of crosslink formation. 

 

References: 

1. J. B. Lombardini, T. P. Singer, J. Biol. Chem. 244 (1969) 1172-1175. 
 

2. J.G. McCoy, L.J. Bailey, E. Bitto, C.A. Bingman, D.J. Aceti, B.G. Fox, G.N.J. Phillips, 
Proc. Natl. Acad. Sci. USA 103 (2006) 3084–3089. 

 
3. S. Ye, X. Wu, L. Wei, D. Tang, P. Sun, M. Bartlam, Z. Rao, J. Biol. Chem. 282 (2007) 

3391–3402. 
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Role of Arg 418 Switch in Electron-donor-enhanced Catalase Activity of M. tuberculosis
Catalase-peroxidase (KatG)

Elizabeth Ndontsa, Douglas Goodwin

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

Catalase-peroxidases (KatGs) are heme-dependent enzymes that protect bacterial cells from the
toxic effects of H2O2. Their active sites are superimposable on those of peroxidases like
cytochrome c peroxidase and ascorbate peroxidase, but they are the only members of their
superfamily with robust catalase activity. Interestingly, they share no structural similarities with
typical catalases. The decomposition of H2O2 by KatG is facilitated by catalatic and peroxidatic
mechanisms, both of which begin with the heterolytic reduction of H2O2 to H2O and formation of
compound I (i.e., FeIV=O[porphyrin].+). Peroxidatic return of the enzyme to its ferric state comes
upon the oxidation of exogenous (usually aromatic) electron donors, whereas catalatic turnover
is completed by H2O2 oxidation. Consequently, one would anticipate that peroxidatic electron
donors would inhibit KatG catalase activity. Surprisingly, we observed that these compounds
stimulated the catalase activity of KatG by more than 20 fold with the greatest effect observed
under conditions where catalase activity would normally be greatly diminished. The dominant
heme intermediate identified during electron-donor-stimulated catalase activity was closely
related to a compound III-like intermediate [i.e., FeIII-O2

.-]. It has been observed that an intact
Trp-Tyr-Met (WYM) covalent adduct is required for KatG catalase activity, and that its function
is modulated by an arginine switch. Disruption of the covalent adduct (Y229F KatG) blocked
catalase activity even in the presence of electron donors, but R418A KatG, normally devoid of
catalase activity, showed appreciable catalatic O2 production in the presence of electron donors.
These results suggest an important role for peroxidase electron donors in the catalase mechanism
of KatG. The electron-donor-stimulated catalase mechanism carries important implications for
organisms like M. tuberculosis that rely on KatG as their only catalase mechanism for activity.
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 Characterization of H228 Residue and water ligand in α-Amino-β-

Carboxymuconic- ε-Semialdehyde Decarboxylase (ACMSD): Insight into the 
Catalytic Mechanism of ACMSD Reaction  

 

Lu  Huo,‡§  Andrew  J.  Fielding,¶§  Yan  Chen,‡§  Tingfeng  Li∆§^,  Hiroaki  Iwaki,║  Jonathan  P.  
Hosler, ∆ Lirong  Chen,  ‡  Yoshie  Hasegawa,║  Lawrence  Que,  Jr.,¶  and  Aimin  Liu*‡ 

‡Departments  of  Chemistry,  Georgia  State  University,  P.O.  Box  4098,  Atlanta,  Georgia  30303,  USA  ¶Department 
of Chemistry and Center for Metals in Biocatalysis, University of Minnesota, 207 Pleasant street, Minnesota 55455, 

USA  ∆Department  of  Biochemistry,  University  of  Mississippi  Medical  Center,  Jackson,  MS  39216,  USA  and  
║Department  of  Life  Science  &  Biotechnology and ORDIST, Kansai University, Suita, Osaka, 564-8680, Japan 

Introduction  
α-Amino-β-carboxymuconate-ε-semialdehyde decarboxylase (ACMSD) is a prototypical member of a 

new subfamily representing C-C breaking activity in the amidohydrolase superfamily. The active site of 

which is a zinc ion. A nearby His228 is H-bonded to a water ligand of the metal. When His228 was 

altered to other amino acids, no or residue catalytic activity was observed from the variants. Among 

them, H228Y is unique in that it displays a blue color not seen in the wild-type ACMSD.  

Experiments and results  
Metal analysis of H228Y shows it contains only an iron ion, indicating a single mutation changed metals 

selectivity of ACMSD.The blue color is absent when the Fe is reduced, and reinstalled upon oxidation. 

The Co(II)-containing H228Y obtained from a minimum medium with supplemented CoCl2 is brown in 

color. The EPR spectrum of the brown form shows a high-spin 59Co(II) with a remarkably well-resolved 8-

line splitting pattern and superhyperfine interactions from 14N. The electronic spectra of the mutant 

suggest an unchanged 5-coordination at the metal ion. Specific staining assay suggests that blue color in 

Fe-H228Y is not due to a metal-bound quinone. Resonance Raman study indicates that the blue color is 

originated from a metal-bound phenolate. Crystal structures of Co(II)-H228Y ACMSD and Zn(II)-H228G 

ACMSD were solved. The active sites of both variants missed the Together, these biochemical and 

spectroscopic analyses suggest that both His228 and the water ligand are required for decarboxylation. 

The role of H228 is proposed to activate the metal-bound water ligand for generating a nascent 

hydroxide for catalysis. These results lead to a novel decarboxylation model, which is consistent with the 

general mechanism of the amidohydrolase superfamily. 
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Integrated Computational Approach to the Analysis of 15N and 13C NMR in the Active Site 
of Flavodoxin  

 
Warintra Pitsawong and Anne-Frances Miller 

Departments of Chemistry University of Kentucky, Lexington, KY, 40506-0055 
 
Flavoenzymes are ubiquitous proteins involved in diverse biological processes. It is especially 
interesting that although they catalyze a wide variety of reactions, almost all flavoproteins have 
an identical isoalloxazine ring system at the active site. The reactivity of the ring system can be 
tuned by the protein microenvironment around flavin binding site. An integrated computational 
methodology for the interpretation of anisotropic chemical shifts measured by solid-state NMR 
(SSNMR) has been developed to investigate how different flavoproteins cause the same flavin to 
mediate different reactions using flavodoxin (FD) from Desulfovibrio vulgaris as a model. The 
effect of hydrogen bonding at the heteroatoms of the flavin isoalloxazine ring was studied by 
density functional theory (DFT) using B3PW91 and B3LYP functionals with the 6-
311G++(2d,2p) basis set in the gas phase for energy optimization, and frequency calculations 
and GIAO chemical shifts calculations. The calculations revealed a decrease in the isotropic 
chemical shift of N(5) (δiso) of 8 ppm, 10 ppm, and 20 ppm for hydrogen bonding to N(3), N(5), 
and N(3)/N(5), respectively, with no significant change in the isotropic chemical shift (δiso) for 
hydrogen bonding to N(1), O(2), and (O4) of the isoalloxazine ring. Natural bond orbital (NBO) 
calculation was also performed to study the distribution of electron density around N(5) of the 
isoalloxazine ring. The results indicated that the electron distribution at N(5) is markedly altered 
by hydrogen bonding at N(3) and N(5) of flavin ring.   
 

 
Figure 1. Crystal structure of Flavodoxin (PDB: 3FX2) and DFT optimized model with NBO analysis 

used for calculations. 
 
References 

 
1. Nishimoto, K., Watanabe, Y., and Yagi, K. (1977) Biochimica et Biophysica Acta. 526, 

34-41. 
2. Watt, W., Tulinsky, A., Swenson, R.P., and Watenpaugh, K.D.(1991)  J. Mol. Biol.  218, 

195-208.    
3. Muller, F. (1992) Chemistry and Biochemistry of Flavoenzymes (CRC Press, Inc.) pp 

557-595. 
4. Cui, D., Koder, R. D. Dutton, L., and Miller, A. F. (2011) Phys Chem B. 23, 7788-98.   
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pH effects on human monoamine oxidase B catalysis: Correlations with monoamine 
oxidase A 

Roberto Orru, Milagros Aldeco, Dale E. Edmondson 
Department of Biochemistry, Emory University, Atlanta, Georgia 30322 

 
The oxidations of biogenic amines by monoamine oxidases (MAO) is a field of intense 
investigation and have resulted in several proposed mechanisms for the C-H bond cleavage step. 
The original aminium cation radical mechanism proposed by Silverman [1] has limited 
supporting data but still favored by a number of investigators. Fitzpatrick [2] has proposed a 
hydride transfer mechanism from studies on other flavoenzyme amine oxidases.  Our laboratory 
has proposed a polar nucleophilic mechanism based on Hammett correlations with MAO A [3] 
and 15N kinetic isotope effects on MAO B [4]. It is generally agreed that amine deprotonation is 
a required step prior to C-H bond cleavage.  Steady state data for benzylamine oxidation by 
MAO A at various pH values show an increase in rate at higher pH values with a pKa for ES to 
be 7.9-8.2  for human and rat MAO A and a value of 8.5 for E [5, 6].  The electron-withdrawing 
p-CF3 group on benzylamine results in a 0.6 decrease in pKa for ES as expected from Hammett 
effects. Similar studies of benzylamine oxidation by human MAO B also show an increase in 
V/K with pH with a pKa of 8.7 for E which is unchanged with p-CF3-benzylamine [7]. Values of 
kcat and kred (benzylamine) also increase with pH with an ES pKa value of 7.4. In contrast, the 
rate of p-CF3-benzylamine oxidation (kcat or kred) by MAO B does not increase with pH and 
shows a slight decrease with increasing pH. Rapid scan stopped flow results show no evidence 
for any spectral intermediates (flavin radicals) at any pH value with either substrate. These data 
suggest the binding of protonated amine to the enzyme occurs with the environment of ES 
favoring a decrease in amine pKa. Substituent electronic effects are operative in MAO A but not 
in MAO B which is in accord with the absence of any electronic effects on the rate of C-H bond 
cleavage. Steric or hydrophobic contributions of the p-CF3 substituent may account for the 
observed suppression for deprotonation of the ES complex. Further work in this approach should 
provide useful insights into the MAO B catalytic mechanism.  
Supported by NIH grant GM-29433 
 
1. R. B. Silverman, et al., (1980), A mechanism for mitochondrial monoamine oxidase catalyzed 
amine oxidation, American Chemical Society, 102, 7126-8 
2. K. A. Kurtz, et al., (2000), Nitrogen Isotope Effects As Probes of the Mechanism of d-Amino 
Acid Oxidase, American Chemical Society, 122, 12896-7 
3. J. R. Miller and D. E. Edmondson, (1999), Structure−Activity  Relationships  in  the  Oxidation  of  
Para-Substituted   Benzylamine   Analogues   by   Recombinant   Human   Liver   Monoamine   Oxidase   A†,‡,  
American Chemical Society, 38, 13670-83 
4. S. MacMillar, et al., (2011), Nitrogen Kinetic Isotope Effects for the Monoamine Oxidase B-
Catalyzed Oxidation of Benzylamine and (1,1-2H2)Benzylamine: Nitrogen Rehybridization and CH 
Bond Cleavage Are Not Concerted, American Chemical Society, 133, 12319-21 
5. R. V. Dunn, et al., (2008), The pH dependence of kinetic isotope effects in monoamine oxidase A 
indicates stabilization of the neutral amine in the enzyme–substrate complex, Blackwell Publishing Ltd, 
275, 3850-8 
6. J. Wang and D. E. Edmondson, (2011), (2)H kinetic isotope effects and pH dependence of 
catalysis as mechanistic probes of rat monoamine oxidase A: comparisons with the human enzyme, 50, 
7710-7 
7. E. M. Milczek, et al., (2011), The 'gating' residues Ile199 and Tyr326 in human monoamine 
oxidase B function in substrate and inhibitor recognition, 278, 4860-9 
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Substrate Binding Mechanism of Aspergillus fumigatus Siderophore A 
1Carolyn Shirey,1Mike Fedkenheuer, 2Stefano Franceschini, 2Andrea Mattevi and 1Pablo 

Sobrado 
1Department of Biochemistry, Virginia Tech, Blacksburg, Virginia 24061, United States.2Department of Genetics 

and Microbiology, University of Pavia, Pavia, Italy. 
 

The flavin-dependent N-hydroxylase Aspergillus fumigatus Siderophore A (AfSidA) 
catalyzes the NADPH and oxygen dependent hydroxylation of L-ornithine at the delta-amino 
group to form N5-hydroxyornithine. In this reaction, NADP+ remains bound throughout the 
catalytic cycle and is essential for formation and stability of the C4a-hydroperoxyflavin 
intermediate. Crystallographic data suggests that S257 and S325 are involved in hydrogen 
bonding with phosphate groups on NADP(H). In order to determine the importance of coenzyme 
bonding in these residues, each was mutated to alanine. S257 is part of the highly conserved 
GSGQS motif in AfSidA, and it appears that this residue interacts with the 5� phosphate on 
NADPH.  Interestingly, the S257A mutant showed an increase in O2 consumption; however this 
mutant also showed a decrease in product formation when compared to wild type. This profile is 
indicative of uncoupling in the reaction leading to production of H2O2. This observation lead us 
to hypothesize that this residue is involved in stabilizing NADP+, allowing it to subsequently 
stabilize the C4a-hydroperoxyflavin intermediate. Rapid reaction kinetics confirmed that the 
C4a-hydroperoxyflavin intermediate is unstable in the S257A mutant. The residue S325 
hydrogen bonds with the 2� phosphate of the ribose ring.  Similar to S257A, the S325A mutant 
shows uncoupling for O2 consumption with NADPH, indicating a similar role to that of S257. As 
expected, this mutant has no measurable difference with NADH as the coenzyme when 
compared to WT. Discussion of the role of amino acid residues and coenzyme in the stabilization 
of oxygenated flavin intermediates in presented.  

 

 
 
Figure 1: Active site of AfSidA with NADP+ and ornithine bound. The dash lines represent predicted hydrogen 
bonding interactions between S257 and S325 with the respective phosphate groups. Nitrogen atoms are in blue, 
oxygen atoms are in red, and phosphorous atoms are in orange.  
 

This research was funded by a grant from NSF (MCB-1021384). 

20



Novel amine dehydrogenases for the selective production of chiral amines 
Michael J. Abrahamson1, Eduardo Vazquez-Figueroa1,3, Nicholas B. Woodall2, Jeffrey C. 

Moore4, and Andreas S. Bommarius1,2 
1School of Chemical and Biomolecular Engineering, 2School of Chemistry and Biochemistry, 
Parker H. Petit Institute for Bioengineering and Bioscience, Georgia Institute of Technology 

315 Ferst Drive, Atlanta, GA 30332-0363, USA 
3Contact Address: Merck & Co, Inc, P.O. Box 601, Rd 2, Km 56.7, Barceloneta, Puerto Rico 00617, USA 

4Department of Process Research, Merck Research Laboratories, Merck and Company, Inc., Rahway, NJ 07065, 
USA 

 
Biocatalysts are increasingly used in industry to create enantiomerically pure compounds; 
routes employing dehydrogenases and other redox enzymes have been especially 
successful.[1]  Enantiomeric compounds have a broad range of uses including an utmost 
importance in pharmaceuticals.  Contemporary methods of protein engineering, such as 
applying rational design guided by mechanistic and structural knowledge, have greatly 
increased the ability to create novel enzyme functionality.[2-3] 

Application of degenerate codons and a high-throughput screening assay allowed for 
simplified, rapid evaluation of enzyme variants.  Constraint of mutant library sizes was 
guided by mechanistic and structural knowledge, ultimately reducing the screening 
requirements while maintaining an increased chance of generating alternate substrate 
specificity.  Expansion of its substrate specificity was achieved through several rounds of 
focused mutagenesis, allowing for the creation of chiral amines.  Beneficial mutations of each 
round were carried over into subsquent variants. 

Over the course of eleven libraries, we have sucessfully developed a novel amine 
dehydrogenase (AmDH) from an existing leucine dehydrogenase scaffold with broad 
substrate specificity.  Reductive amination activity was not measureable with the original 
leucine dehydrogenase scaffold, and was increased to a kcat of 0.46 s-1 with a KM of 15.1 mM.  
This creates a new green route in the production of chiral amines utilizing ketone and NH3

 

substrates.  Novel activity was achieved toward a number of compounds while maintaining 
the  enzymes‘  native  enantioselectivity of 99.8% e.e. 
 
1.  M. Hall and A.S. Bommarius (2011) Chem. Rev., 111, 000 (July issue) 
2. A.S. Bommarius, J.K. Blum, M.J. Abrahamson, (2011) Curr. Opin. Chem. Biol., 

15,194-200.  
3.  A.S. Bommarius (2010) “Check  Nature  first,  then  evolve”,  Nature Chem. Biol., 6, 

793-4. 
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Tryptophan tryptophylquinone (TTQ) biosynthesis: How a diheme enzyme catalyzes a 
seemingly impossible reaction 

Victor L. Davidson  
 
Burnett School of Biomedical Sciences, College of Medicine, University of Central Florida, Orlando, FL 32827  

 
Protein-derived cofactors are alternatives to exogenous cofactors that are formed by irreversible 
covalent posttranslational modification of amino acid residues.1 The biosynthesis of one such 
cofactor, tryptophan tryptophylquinone (TTQ) in the enzyme methylamine dehydrogenase 
(MADH), requires the cross-linking of the indole rings of two Trp residues and the insertion of 
two oxygen atoms onto adjacent carbons of one of the indole rings. A diheme enzyme, MauG, 
catalyzes a 6-electron oxidation that completes TTQ synthesis and generates fully active MADH. 
The reactive form of MauG is a bis-Fe(IV) redox state2 in which one heme is present as 
Fe(IV)=O and the other is Fe(IV) with both axial heme ligands provided by amino acid side 
chains. The oxidation of the protein substrate does not occur via direct contact with either heme. 
Rather it is accomplished through long-range electron transfer, as evidenced by the 
demonstration that MauG can catalyze TTQ formation in crystallo in a complex in which the Trp 
residues which are modified are ~40 Å away from the oxygen binding heme.3 Kinetic and 
structure functions studies4,5 have provided insight into how MauG stabilizes the unique bis-
Fe(IV) state and mediates the long range electron transfer required to catalyze TTQ formation. 
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Novel amine dehydrogenases for the selective production of chiral amines 
Michael J. Abrahamson1, Eduardo Vazquez-Figueroa1,3, Nicholas B. Woodall2, Jeffrey C. 

Moore4, and Andreas S. Bommarius1,2 
1School of Chemical and Biomolecular Engineering, 2School of Chemistry and Biochemistry, 
Parker H. Petit Institute for Bioengineering and Bioscience, Georgia Institute of Technology 

315 Ferst Drive, Atlanta, GA 30332-0363, USA 
3Contact Address: Merck & Co, Inc, P.O. Box 601, Rd 2, Km 56.7, Barceloneta, Puerto Rico 00617, USA 

4Department of Process Research, Merck Research Laboratories, Merck and Company, Inc., Rahway, NJ 07065, 
USA 

 
Biocatalysts are increasingly used in industry to create enantiomerically pure compounds; 
routes employing dehydrogenases and other redox enzymes have been especially 
successful.[1]  Enantiomeric compounds have a broad range of uses including an utmost 
importance in pharmaceuticals.  Contemporary methods of protein engineering, such as 
applying rational design guided by mechanistic and structural knowledge, have greatly 
increased the ability to create novel enzyme functionality.[2-3] 

Application of degenerate codons and a high-throughput screening assay allowed for 
simplified, rapid evaluation of enzyme variants.  Constraint of mutant library sizes was 
guided by mechanistic and structural knowledge, ultimately reducing the screening 
requirements while maintaining an increased chance of generating alternate substrate 
specificity.  Expansion of its substrate specificity was achieved through several rounds of 
focused mutagenesis, allowing for the creation of chiral amines.  Beneficial mutations of each 
round were carried over into subsquent variants. 

Over the course of eleven libraries, we have sucessfully developed a novel amine 
dehydrogenase (AmDH) from an existing leucine dehydrogenase scaffold with broad 
substrate specificity.  Reductive amination activity was not measureable with the original 
leucine dehydrogenase scaffold, and was increased to a kcat of 0.46 s-1 with a KM of 15.1 mM.  
This creates a new green route in the production of chiral amines utilizing ketone and NH3

 

substrates.  Novel activity was achieved toward a number of compounds while maintaining 
the  enzymes‘  native  enantioselectivity of 99.8% e.e. 
 
1.  M. Hall and A.S. Bommarius (2011) Chem. Rev., 111, 000 (July issue) 
2. A.S. Bommarius, J.K. Blum, M.J. Abrahamson, (2011) Curr. Opin. Chem. Biol., 

15,194-200.  
3.  A.S. Bommarius (2010) “Check  Nature  first,  then  evolve”,  Nature Chem. Biol., 6, 

793-4. 
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HIV-1 protease with 20 mutations exhibits extreme resistance to clinical 
inhibitors through coordinated structural rearrangements  
Johnson Agniswamy‡, Chen-Hsiang Shen‡, Annie Aniana§, Jane M. Sayer§, John M. Louis§, Irene 

T. Weber‡, 
Departments of §Biology and Chemistry, Georgia State University, Atlanta, GA 30302; §Laboratory of 

Chemical Physics, National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, 
DHHS, Bethesda, Maryland 20892 

 
HIV drug resistance is a major challenge facing AIDS therapy. The HIV protease (PR) is 

an important drug target due to its essential role in processing the viral precursor polyproteins. 
We have analyzed the structure and biochemical properties of PR bearing 20 mutated residues 
(PR20) from a drug-resistant clinical isolate. This escape mutant catalyzes efficient polyprotein 
processing even in the presence of clinical protease inhibitors. PR20 shows >3 orders of 
magnitude decreased affinity for clinical inhibitors relative to PR (1). Crystal structures of the 
PR20 dimeric enzyme crystallized with yttrium, substrate analog p2-NC, and clinical inhibitors 
darunavir and saquinavir reveal three distinct conformations of the flexible flaps and diminished 
interactions with inhibitors through the combined effects of multiple mutations. PR20 with 
yttrium at the active site exhibits widely separated flaps lacking the intersubunit contacts seen in 
other inhibitor-free dimers. Crystals of PR20/p2-NC contain one uninhibited dimer with one very 
open flap and one closed flap, and a second inhibitor-bound dimer in the closed form showing 
six fewer hydrogen bonds with the substrate analog relative to wild type enzyme. PR20 
complexes with darunavir and saquinavir exhibit   expanded   S2/S2’  binding pockets and fewer 
interactions with inhibitors arising from coordinated effects of mutations throughout the 
structure, in agreement with the strikingly lower affinity. The coordinated effects of multiple 
mutations suggest how drug resistance evolves in HIV. Furthermore, the unusually open 
conformations of PR20 as well as the expanded inhibitor binding site of the closed form suggest 
possible approaches for modifying inhibitors to target extreme drug resistant strains of HIV.   

 
1. Louis, J. M., Aniana, A., Weber, I. T., and Sayer, J. M. (2011) Inhibition of 
autoprocessing of natural variants and multidrug resistant mutant precursors of HIV-1 protease 
by clinical inhibitors. Proc Natl Acad Sci U S A 108, 9072-9077. 
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Design'and'Synthesis'of'HIF31'Inhibitors'as'Anti3Cancer'Therapeutics!
Sarah%Burroughs,%Suazette%Reid,%Hieu%Dinh,%Binghe%Wang1,%Erwin%van%Meir2%
1Department!of!Chemistry,!Georgia!State!University,!Atlanta,!Georgia!30302,!USA!
2Winship!Cancer!Institute,!Emory!University,!Atlanta,!GA!30322,!USA!
!
Introduction'
Cancer!is!the!secondBleading!causes!of!
death!in!the!United!States.1!The!hypoxiaB
inducible!transcription!factor!1!(HIFB1)!
pathway!is!involved!in!many!solidBtumor!
cancers!and!increased!HIFB1α!expression!
has!been!associated!with!increased!
mortality,!cancer!progression,!and!
resistance!to!chemotherapy!and!
radiation.2!It!is!our!goal!to!find!smallB
molecule!inhibitors!of!the!HIF!pathway.!!!
!
Results'and'Discussion'
Toward!this!goal,!an!initial!HREBalkaline!
phosphatase!assay!screening!yielded!lead!compound!KCNB1!(Figure!1)!
with!an!IC50!of!0.4!µM.3!KCNB1!was!then!taken!to!preliminary!in%vivo!
studies,!in!which!KCNB1Btreated!mice!had!tumors!that!were!6Bfold!
decreased!in!size!compared!to!the!vehicleBonly!mice!and!some!of!the!
tumors!had!disappeared!completely!(Figure!2).3!The!KCNB1!molecule!
was!then!divided!into!4!parts!(figure!1):!the!leftBhand!core!(red),!the!NB
substituent!(green),!the!linker!(pink),!and!the!rightBhand!ring!(blue)!and!
over!150!KCNB1!analogs!have!been!synthesized!to!date;!the!best!
compound!has!an!IC50!of!0.25!µM.3!An!initial!SAR!has!been!developed!
based!off!of!the!synthesized!library!(Figure!1).!
!
Conclusions'&'Future'Directions'
With!micromolar!IC50!against!the!HIF!pathway,!KCNB1!was!identified!from!an!initial!
screening!of!greater!than!10,000!compounds.!!Initial!structural!optimization!led!to!a!library!
of!analogs,!the!best!of!which!is!twice!as!potent.!Further!lead!optimization!will!potentially!
lead!to!compounds!with!nanomolar!IC50!that!could!be!effective!antiBcancer!therapeutics.!!A!
new!method!for!determining!the!mechanism!of!action!has!been!developed!and!synthesis!of!
these!probes!has!begun.!!!
!
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Figure!1.!KCNB1,!with!4!major!areas!for!derivitization!and!initial!SAR.!!
!

Figure!2.!in%vivo%results!!
!
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The$Development$of$a$Rapid$Kinetic$Assay$for$Acetyl8CoA$Utilizing$Enzymes$$
!
Ashley!K.!Casey,!Erica!L.!Schwalm!and!Patrick!A.!Frantom!!
!
Department!of!Chemistry,!The!University!of!Alabama,!Tuscaloosa,!Alabama,!35487!!!
!
AcetylICoenzyme!A!(AcCoA)!is!an!important!molecule!in!many!biological!pathways!
including! amino! acid! and! fatty! acid! biosynthesis! as! well! as! postItranslational!
modification!of!histones.!AcCoA!acts!as!a!carboxymethyl!donor!in!a!family!enzymes!
that! catalyze! a! ClaisenIcondensation! type! reaction,! where! a! 2Icarbon! unit! from!
AcCoA! is! transferred! to! an! αIketoacid.! This! family! includes! the! enzymes! αI
isopropylmate! synthase,! citramalate! synthase,! and! homocitrate! synthase;! these!
enzymes! catalyze! regulated! steps! in! the! biosynthesis! of! leucine,! isoleucine,! and!
lysine,! respectively.! The! enzyme! αIisopropylmalate! synthase! isolated! from!
Mycobacterium-tuberculosis! (MtIPMS)! converts!AcCoA! and!αIketoisovalerate! (KIV)!
to!isopropylmalate!and!CoA.!In!order!to!further!study!the!mechanism!of!MtIPMS,!a!
rapidIreaction!kinetic!assay!was!developed!to! follow!the!amount!of!CoA!produced!
by!the!enzyme!in!the!preIsteady!state!regime.!Using!a!BioILogic!QFMI400,!samples!
of! enzyme!and! substrates!were! rapidly!mixed!and!quenched!with!10%!perchloric!
acid.!The!amount!of!CoA!produced!is!detected!using!reverse!phase!HPLC!with!a!UV!
detector.!A!mobile!phase!of!10!mM!potassium!phosphate!(pH!6.7)!(Solvent!A)!and!
methanol!(Solvent!B)!is!used.!!Over!a!liner!gradient!to!20%!B!(flow!rate!1!ml/min)!
over!13!minutes,!CoA!and!AcCoA!are!eluted!with!retention!times!of!11!minutes!and!
12.5!minutes!respectively.!Using!this!method!the!minimum!amount!of!CoA!that!can!
be! detected! in! a! sample! is! 0.5! μM.! One! complication! in! terms! of! analyzing! the!
kinetics!of!CoA!production!arises!from!the!fact!that!AcCoA!hydrolyzes!to!form!CoA!at!
higher! temperatures.! To! prevent! nonIenzymatically! produced! CoA,! the! reaction!
samples!are!kept!at!I80oC!prior!to!running!them!on!the!HPLC.!With!this!procedure,!a!
shot!to!shot!error!of!9.3%!was!determined!using!multiple!samples!quenched!at!50!
ms! of! reaction! time.! The! findings! of! this! method! could! be! used! to! analyze! other!
AcCoA!dependent!enzymes.!
!
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Clicking 1,2,4,5-tetrazine and cyclooctynes with tunable reaction rates 
 

Weixuan Chen, Danzhu Wang, Chaofeng Dai, Donald Hamelberg, and Binghe Wang* 
Department of Chemistry, Center for Diagnostics and Therapeutics, and Center for Biotechnology and 

Drug Design, Georgia State University, Atlanta Georgia 30303, USA 

Introduction: 
Click chemistry is playing an increasingly important role in a variety of areas of research.1-9  Critical to this 

field is the availability of reactions and reagents that allow for facile and specific reactions. Many reagents including 
difluorinated cyclooctyne (DIFO),10 dibenzocyclooxtyne (DIBO),6,11 aza-dibenzocyclooctyne  (DIBAC),12 and 
biarylazacyclooctynone (BARAC)13 have been identified that serve this purpose very well in different situations. We 
now present substituted tetrazines, which have been found to undergo facile inversed electron demand Diels-Alder 
reactions (IEDDA) with “tunable” reaction rates. 

 
Results and Discussion: 

A 47-fold improvement in 
reaction rate compared to the 
reaction between cyclooctyne 1 
and diphenyl-tetrazine (2) (7.0 × 10-

2 M-1s-1) was observed when we 
tested the reactivity of 
diphenyltetrazine (2) with 414 (3.3 
M-1s-1).  To further accelerate the 
reaction, two electron-withdrawing 
groups were attached to the 
tetrazine ring to give 3,6-di-2-
pyridyl-1,2,4,5-tetrazine. The 
second order rate constant for the 
reaction between di-Py tetrazine 
and alkyne (4) in dry MeOH at 
ambient temperature was found to be 44.8 M-1s-1, which  represents a 640-fold 
improvement in reaction rate over the tetrazine-cycloctyne pair. To achieve a 
deeper understanding of the improved reaction rates, Density Functional 
Theory (DFT) calculations at the 6-31G** level of theory were performed to 
examine the possible transition state(s) and activation energies. The activation energy for the first step of the 
IEDDA reaction between 2 and 4 via transition state TS1’ is 17.6 kcal/mol as compared to 23.3 kcal/mol for the 
reaction between cyclooctyne 1 and tetrazine 2. The computational results support the idea that the increase 
HOMO energy in BCN (4) compared with cyclooctyne (1) translates into lowered activation energy and thus 
increased reaction rate. All these results indicate that the IEDDA reaction and the subsequent elimination reaction 
take place spontaneously and irreversibly toward the pyridazine products. 
Conclusions: 

In summary, the reaction rate of inverse electron-demand Diels-Alder reactions involving 1,2,4,5-tetrazine and 
cyclooctynes can be tuned to allow for facile conjugation. The reaction rates found are among the fastest involving 
a tetrazine and alkyne. Furthermore, the wide range of reaction rates (over 64-fold difference) that can be achieved 
suggests possibilities of using such chemistry for multiplexed click labeling.  Work is underway to utilize BCN-
tetrazine conjugation reactions for DNA and other labeling work. 
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Biosynthesis of azasugars: Cloning, expression and characterization of GabT1. 
Lorraine Clark and Nicole Horenstein 

Department of Chemistry, University of Florida.  Gainesville, FL 32611-7200. 
 
Bacillus amyloliquefaciens produces the glycosidase inhibitor 1-deoxynojirimycin (DNJ), 

which is an azasugar analog of glucose.  Via knockout, chemical complementation and 
spectroscopic studies we have identified a cluster of three genes, gabT1, yktC1, and gutB1 which 
are capable of producing the azasugar mannojirimycin.(1)  In this poster we describe the cloning, 
overexpression and characterization of the GabT1 transaminase enzyme.  We had the B. 
amyloliquefaciens gene codon optimized for E. coli, and then cloned the gene into pET28a, 
downstream of a His6-tag.  Expression of GabT1 in BL21(DE3) was highly effective, routinely 
yielding 10 mg of GabT1 per liter, after purification on IMAC-Ni resin.  Purified enzyme was 
bright yellow, indicative of the bound PLP cofactor.  Further, MALDI-MS analysis of the His-
tag enzyme yielded an observed m/z of 49714 (49717, theo).  Consideration of the annotations 
for this gene suggested that the possible amino donor for the first half reaction would be GABA, 
however we note that this enzyme is a member of the large aspartate aminotransferase family 
that accommodates a wide range of other amino donors. The amino acceptor was considered to 
be fructose 6-P based on it being chemically reasonable for the pathway, and available from the 
glycolytic pool.  Initial substrate specificity studies aimed at identification of the amino donor 
utilized UV/Vis spectroscopy of GabT1 in the presence of various amino donors, whereby half-
reactions could be detected based on the characteristic changes observed for the PLPÆPMP 
conversion.  Glutamate was revealed to be the preferred amino donor.  Thus we developed a 
coupled assay to screen for amino acceptors, whereby we used D-ketoglutarate dehydrogenase to 
detect turnover via the product of the first half reaction.  We identified fructose-6-phosphate as 
the preferred acceptor over fructose and fructose-1,6-BP with a kinetic selectivity ratio of 
6.3:1.6:1.  HPLC-ESI-MS of reaction mixtures utilizing GabT1, F6P, and glutamate yielded the 
anticipated parent and fragment ions for the expected product of the reaction, 2-amino-2-deoxy-
mannitol-6-phosphate.  Ongoing work is aimed at determination of the steady state kinetic 
parameters for GabT1, and further insights into its specificity for ketose phosphates.  This work 
was supported by NSF grant MCB1020940. 

 
 
1. Clark, L.F.; Johnson, J.V.; Horenstein, N.A. (2011) “Identification of a gene cluster that 

initiates azasugar biosynthesis in Bacillus amyloliquefaciens.” Chembiochem. 12, 2147-
2150. 
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The mechanism of enzyme-catalyzed, cofactor-independent dioxygenation in the biosynthetic 
pathway to vancomycin antibiotics 

Heather L. Condurso, Paul F. Widboom, Elisha N. Fielding & Steven D. Bruner 

Department of Chemistry, University of Florida, Gainesville, FL 32611 
 
A small subset of the oxygenase family of enzymes is not dependent on any accessory 

cofactors or metals to bind and activate O2. One member of this family, DpgC, is involved in the 
biosynthesis of the nonproteinogenic amino acid 3,5-dihydroxyphenylglycine, which is a critical 
component of the vancomycin class of antibiotics (1).   We have recently solved the X-ray 
structure of DpgC, representing the first for a cofactor-independent dioxygenase (2). Co-crystal 
structures with designed synthetic analogs provide a molecular basis for substrate recognition 
and insights into the catalytic mechanism.  In addition, we have proposed a specific O2 binding 
pocket in DpgC based on the electron density maps. Using additional mechanistic probes, along 
with biochemical analysis of site-directed mutants, we have developed a mechanistic scheme (3).  
 

 
 
1. Widboom, P.F. , Bruner, S.D. (2009) Complex Oxidation Chemistry in the Biosynthetic 

Pathways to Vanomycin/Teicoplanin Antibiotics. ChemBioChem, 10, 1757-1764. 
2. Widboom, P. F., Fielding, E. N., Liu , Y., Bruner, S. D. (2007) Structural basis for 

cofactor-independent dioxygenation in vancomycin biosynthesis. Nature, 447, 342-345. 
3. Fielding, E. N., Widboom, P. F., Bruner, S. D. (2007) Substrate recognition and catalysis 

by the cofactorindependent dioxygenase DpgC. Biochemistry, 46, 13994-14000. 
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Base-Promoted Cyclization: Synthesis of Substituted Benzo[b]furans 
Krishna Damera, Bowen Ke, Ke Wang, Chaofeng Dai, LifangWang, and Binghe Wang* 
Department of Chemistry, Center for Diagnostics and Therapeutics, and Center for Biotechnology and 
Drug Design, Georgia State University, Atlanta, Georgia 30303-4098 USA 
________________________________________________________________________ 
Introduction 
Benzo[b]furan is an important structural scaffold in pharmaceutical 
research. There also many benzofuran containing natural products 
including (í)-concentricolide, and (+)-frondosin B. Benzofuran-2-
carboxlic acid and its derivatives are widely used as starting materials 
in the synthesis of pharmaceuticals,1 which include antidepressant (-)-
BPAP, angiotensin II inhibitors, 5-lipoxygenase inhibitors, nerokinin 
2 receptor antagonist. In most of these cases the synthesis of the 
benzo[b]furan is accomplished through a tandem Sonogashira 
coupling/5-endo-dig cyclization starting from either o-alkynylphenols 
or o-iodophenols. 
 

Typically these reactions are carried 
out using a palladium catalyst and a 
copper salt.2 In our case, the 
benzofuran formation reaction can 
be promoted by a simple base. 

 

 
Results and Discussions 
Alkynylphenols (1a-d) were subjected to the ring closure reaction 
conditions (60 oC in dry DMF, CsCO3). Substituted benzofurans with 
different functional groups were synthesized in good yields (76-88%, 
Table 2). Especially worth mentioning is the synthesis 5-
nitrobenzo[b]furan. It is well known that isomers form under direct 
nitration of benzo[b]furan.3 The method described offers a single 
product with good yield.  
 
Conclusions 
In conclusion, we have reported a new base-promoted synthesis of 
benzofurans with good yields. 
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85%
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Table 2. Base promoted cyclization of 1a-d
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Comparative+study+of+α2isopropylmalate+synthase+isolated+from+Mycobacterium-
tuberculosis+and+Escherichia-coli-

Claire'B.'Davis,'Ashley'K.'Casey,'and'Patrick'A.'Frantom'

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

Allosteric'regulation'is'the'regulation'of'an'enzyme'by'the'binding'of'a'ligand'at'an'area'other'
than'the'active'site.'It'is'crucial'to'study'this'type'of'regulation'to'devise'possible'methods'of'
engineering'allostery'into'nonJallosteric'systems.'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'ClaisenJcondensation'reaction'between'αJketoisovalerate'(KIV)'and'acetylJCoA'
(AcCoA)'forming'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'shows'that'the'enzyme'contains'a'conserved'TIMJ
barrel'catalytic'domain'with'leucine'binding'50'Å'away'from'the'active'site'in'a'structurally'
conserved'regulatory'domain.'Due'to'the'conservation'of'the'two'domains,'IPMS'is'a'suitable'
model'system'to'test'hypotheses'concerning'the'evolution'of'allosteric'mechanisms.'Here,'we'
report'the'first'enzymatic'characterization'of'IPMS'from'Escherichia-coli-(EcIPMS)'and'compare'
these'results'with'those'previously'reported'for'MtIPMS.'EcIPMS'shares'29%'identity'and'45%'
similarity'with'the'catalytic'domain'of'MtIPMS'over'294'residues,'however'the'rest'of'the'
proteins’'sequences'are'dissimilar.''Additionally,'a'sequence'similarity'network'indicates'that'
the'two'enzymes'belong'to'different'clusters.'The'kinetic'parameters'for'EcIPMS'were'
determined'with'a'value'of'4.2'±'0.3'minJ1'for'Vmax'and'Km'values'of'56'±'16'µM'and'44'±'9'µM'
for'KIV'and'AcCoA,'respectively.'The'Km'values'are'consistent'with'those'determined'for'
MtIPMS;'however,'the'Vmax'value'is'approximately'30Jfold'lower.'The'kinetic'parameters'of'
EcIPMS'inhibition'by'leucine'are'currently'being'investigated.''

'
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Substrate Variability in the Two-component Alkanesulfonate Monooxygenase Systems 
Paritosh V. Dayal and Holly R. Ellis 

The Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama, 36849 

The two-component alkanesufonate monooxygenase systems from bacteria are involved in 
the utilization of organic sulfonates during sulfur-limiting conditions (1). In this two-component 
system the FMN reductase (SsuE) provides reduced flavin to the monooxygenase enzyme 
(SsuD). The monooxygenase enzyme (SsuD) catalyzes the oxygenolytic cleavage of the carbon-
sulfur bond. The E. coli SsuD enzyme can utilize a broad range of organosulfonate substrates, 
including C-2 to C-10 alkanesulfonates, sulfonated buffers, 1,3-dioxo-2-
isoindolineethanesulfonate, and 2-(4-pyridyl)ethanesulfonate (2). In bacterial systems, the SsuD 
and SsuE enzymes are expressed by the ssu operon. This ssu operon is widely distributed in 
bacteria. Comparison studies of the ssu operon in E. coli and P. putida have shown the latter to 
possess an extra ssuF gene. Previous in vivo studies suggested that the protein encoded by ssuF 
is required for the utilization of alkanesulfonates (3). In addition, the SsuD enzyme from P. 
putida is capable of utilizing aromatic sulfonates as a sulfur source. The SsuD enzyme from E. 
coli and P. putida shows 78% amino acid sequence identity, so it is not clear why a difference in 
substrate specificity exists. 

Steady-state kinetic evaluation of the recombinant SsuD enzyme from P. putida 
demonstrated the enzyme was able to utilize alkanesulfonates in the absence of SsuF. The kcat/Km 
values for SsuD from E. coli and P. putida with octanesulfonate as substrate were comparable at 
2.2 ± 0.4 and 1.7 ± 0.4 μM-1min-1 respectively. The results indicated that the SsuF is not required 
for desulfonation of alkanesulfonates in P. putida under in vivo conditions. The utilization of 
aromatic sulfonates by SsuD from P. putida is thought to involve a redox carrier complex to 
provide electrons or the desulfonation reaction. Activity assays were performed with P. putida 
from SsuD using benzenesulfonate as a substrate. The P. putida SsuD was able to desulfonate 
benzenesulfonate, suggesting that the utilization of aromatic sulfonates does not require 
additional enzymes for electron transfer. Further analyses of the P. putida SsuD active site 
arrangement will be performed to fully understand the mechanism for organic sulfonate 
utilization by this enzyme.  
1.  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. 

2.  Ellis, H.R. (2011) Mechanism for sulfur acquisition by the alkanesulfonate 
monooxygenase system, Bioorganic Chemistry, 39, 178-184 

3.  Kertesz, M.A. (1999) Riding the sulfur cycle, FEMS Microbiology Reviews, 24, 135-175  
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Osmolyte Effects on Ligand Binding to the Novel Enzyme, FolM 
 

Harini Patel, Michael Duff and Liz Howell* 
Biochemistry, Cellular & Molecular Biology Department, University of Tennessee, 

Knoxville, TN 
 
Previous studies using osmolytes to alter water activity unexpectedly found “uptake of 
water” upon binding of dihydrofolate (DHF) to two different dihydrofolate reductases 
(DHFRs).  The commonality of these results, coupled with the entirely different protein 
scaffolds, suggested an alternative model where weak interactions occur between folate 
and osmolytes.  In this model, solute-substrate interactions inhibit binding of DHF to 
DHFR. To study this model further, a third enzyme that catalyzes the DHFR reaction was 
chosen to see if it acted similarly.  This enzyme is FolM, an enzyme found in the folate 
cycle, which is a short chain dehydrogenase.  FolM catalyzes the reduction of 
dihydrofolate as well as dihydromonapterin using nicotinamide adenine dinucleotide 
phosphate (NADPH). The effects of various osmolytes on DHF binding to FolM were 
studied.  
 
The secondary structure and thermal stability of FolM were characterized with circular 
dichroism spectroscopy and differential scanning calorimetry (TM=62.3qC). Additionally, 
FolM was found to be a tetramer of 106 kDa (26 kDa per monomer) by sedimentation 
velocity analysis.  Through Michaelis Menten kinetics, a kcat of 0.1 s-1 (per monomer) and 
a Km of 2.3PM for DHF were determined at pH 6.0.  Michaelis Menten kinetics were also 
conducted in the presence of osmolytes.  Betaine, dimethylsulfoxide (DMSO) and 
sucrose were chosen based on varying solution properties.  The Km (DHF) value increased 
in the presence of osmolytes, with “uptake” of 31 waters for betaine, 13 waters for 
DMSO and 36 waters for sucrose from a plot of kcat/Km for DHF versus the osmolality of 
the solution.   Also, fluorescence quenching titrations were performed as a control to 
examine cofactor (NADPH) binding. These results concur with our previous studies 
using DHFR where weaker binding of DHF occurs in the presence of osmolytes; this may 
be a general property of DHF and not the protein itself.  These results continue to support 
the idea that weak interactions between folate and osmolytes may have a significant 
effect on folate derivatives and thus the enzymes of the folate cycle in vivo.  
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The Role of Water in Ligand Binding to Dihydrofolate Reductase 
 

Michael Duff, Greyson Dickey and Elizabeth Howell* 
Biochemistry, Cellular & Molecular Biology Department, University of Tennessee, 

Knoxville, TN 
 

 

 Dihydrofolate reductase (DHFR) catalyzes the conversion of 7,8-dihydrofolate 
(DHF) into 5,6,7,8-tetrahydrofolate (THF) using a hydride from its cofactor, 
nicotinamide adenine dinucleotide phosphate (NADPH).  The product, THF, is necessary 
for the synthesis of methionine, purine nucleotides, thymidylate, and other compounds.  
Thus, the inhibition of DHFR leads to interruption of DNA synthesis and consequently 
cell death, making this enzyme a crucial target in the treatment of cancer and other 
diseases.  Previous studies using osmolytes to alter water activity examined the role of 
water in the binding of folate and DHF to two non-homologous DHFRs, E. coli 
chromosomal DHFR (EcDHFR) and R67 DHFR, with vastly different active site 
structures.  The results unexpectedly suggested uptake of water upon ligand binding.  
Further studies indicated that weak interactions between the osmolytes and DHF could 
explain the “water uptake” results.  Therefore, an orthogonal method that does not use 
osmolytes was needed to explore the role of water in ligand binding to both DHFRs 
further.  Pressure perturbation calorimetry (PPC) uses the effects of hydrostatic pressure 
on the thermal expansion of a solution to determine the change in volume of a solute 
from which the net release or adsorption of waters (ǻnw) upon complex formation can be 
estimated.   

From PPC, the molar expansivities (Eq) were obtained for the NADP+ and DHF binary 
and ternary complexes for both EcDHFR and R67 DHFR.  The difference between the 
molar expansivities (ǻEq) of the protein-ligand complexes and that of the individual 
components correlates with the change in volume of complex formation.  From ǻEq, ǻnw 
can be estimated.  A release of 24 to 40 waters for the NADP+-EcDHFR binary complex 
was obtained from PPC experiments, concurring with the osmotic stress studies.  
Interestingly, there was a release of approximately 30 to 50 waters for both the DHF-
EcDHFR binary and DHF-NADP+-EcDHFR ternary complexes.  This is contrary to the 
“water uptake” results from the osmolyte-based studies.  Similar results were also 
obtained for the R67 DHFR.  Therefore, the results from the PPC experiments confirm 
that water is released upon DHF binding to both DHFRs, and that the “water uptake” 
results from osmotic stress studies were most likely due to osmolytes interacting with 
unbound DHF. 
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Bioconversion of Glycerol Surplus into L-Tryptophan Using Tryptophan-Indole Lyase 
 

Quang T. Do‡ and Robert S. Phillips‡§ 
Departments of ‡Chemistry and §of Biochemistry and Molecular Biology  

University of Georgia, Athens, GA 30602 
 

Tryptophan-indole lyase (tryptophanase; E.C. 4.1.99.1) is a PLP-dependent enzyme that catalyzes the reversible 
hydrolytic cleavage of L-tryptophan to indole and ammonium pyruvate. Our interest was to convert glycerol, a 
surplus chemical resulting from biodiesel processing, to L-tryptophan by coupling the glycerol metabolic enzymes 
with tryptophanase expression system. 

 

Using E. coli cells BL21 (DE3), with plasmid pET15b:tnaA which over-expresses tryptophanase, we were able to 
produce L-tryptophan by supplementing the reaction medium with glycerol, indole, and ammonium chloride. The 
presence of L-tryptophan was detected in both thin-layer chromatography (TLC) and high-performance liquid 
chromatography (HPLC) at 278nm. Our data indicated we were able to successfully demonstrate and validate the 
biosynthetic pathway for L-tryptophan by coupling glycerol metabolic enzymes with tnaA expression system.  

 
 
Acknowledgement: QTD is thankful for the financial support from the University of Georgia provided through the 
Bioenergy System Research Initiatives and the Innovative & Interdisciplinary Research Grant for Doctoral Students. 
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Structural and functional analysis of Trypanosoma cruzi UDP-galactopyranose mutase 
Jacob Ellerbrock1, Michelle Oppenheimer1, Richa Dhatwalia2, John J. Tanner2, and Pablo 

Sobrado1 
1Virginia Tech, Department of Biochemistry, Blacksburg, VA 24060.  2University of Missouri, Department 

of Chemistry, Columbia, MO 65211 
Trypanozoma cruzi is the protozoan parasite that causes Chagas disease.  Chagas disease 

is found predominantly in Latin America, where 8-11 million people are infected and 50,000 
deaths associated with this disease occur every year. Galf is a sugar found on the cell surface of 
T. cruzi where it plays a role in host-parasite interaction. Because Galf is not found in humans, 
enzymes in its biosynthetic pathway are targets for drug design.  UDP-galactopyranose mutase 
(UGM) is a flavin-containing enzyme responsible for the conversion of UDP-galactopyranose to 
UDP-galactofuranose (UDP-Galf), the precursor to Galf. UGM is a unique flavoprotein as the 
flavin must be reduced to catalyze the non-redox formation of UDP-Galf. Our group has 
previously shown that the flavin remains in the reduced state in order to perform approximately 
1000 reactions, before it gets oxidized.  Recently, the structure of T. cruzi UGM (TcUGM) was 
solved and several residues have been proposed to be important to stabilize the reduced form of 
the flavin and for substrate binding.  We present the structure-function analysis of three residues 
important for activity in TcUGM. Specifically we show that, G61 and H62, play a role in 
maintaining the reduced state of the flavin (Figure 1).  We also study the role of Y429, which 
hydrogen bonds with the phosphates of UDP.  This work is important for understanding how 
TcUGM is able to maintain the reduced state and perform this unique reaction. 

 

 
Figure 1.  Structure of TcUGM with reduced flavin cofactor (yellow) and UDP (magenta) 
bound.  The three residues examined are depicted in cyan with Y429 hydrogen bonding with 
UDP, G61 hydrogen bonding with the flavin N5, and H62 stacking with the FAD isoalloxazine 
ring.   
 
This work was supported by NIH grant R01 GM094468 (P. Sobrado, PI). M.O. was supported by 
a fellowship from the American Heart Association. 
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Does Modification of Arginine Modulate its Interactions with Bio-macromolecules? 
Marina Evich, Ekaterina Stroeva, Diem Tran, Yujun George Zheng and Markus W. Germann 

Department of Chemistry, Georgia State University, Atlanta, Georgia 30303 
 

Methylation of arginine introduces a moiety that can sterically hinder binding of a ligand. 
In addition, such a modification may also affect the pKa of the side chain. The ionic state of 
amino acid side chains is a key determinant of enzymatic activity and also governs interactions 
with other biomolecules. Therefore the determination of protein pKa values is relevant to 
enzyme substrate and biomolecule interactions. We are using NMR and a modified Henderson-
Hasselbalch equation to determine pKa values of dimethylated arginines. 
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Inhibition of human liver pyruvate kinase by phosphorylation at Ser12 and oxidation at 
Cys436 share a regulatory mechanism, removal of an activating interaction between the N-
terminus and the main body of the protien 

Aron W. Fenton, Todd Holyoak, Charulata B. Prasannan, and Qingling Tang 
The Department of Biochemistry and Molecular Biology, The University of Kansas Medical Center, MS 3030, 3901 

Rainbow Boulevard, Kansas City, Kansas 66160  
 
We previously provided data to support that phosphoylation of Ser12 of human liver 

pyruvate kinase reduces the protein’s affinity for its substrate, phosphoenolpyruvate (PEP), by 
disrupting an activating interaction between the N-terminus and the main body of the protein.  
The primary supportive date was a truncation series that demonstrated removal of the N-terminus 
results in the same response as phosphorylation.  A 1.8Å crystallographic structure of human 
liver pyruvate kinase (L-PYK) provides evidence for a sulfenic acid derivatization of cysteine 
436.  Due to the potential role for this reversible regulatory oxidation in controlling metabolic 
flux for the generation of reducing equivalence to counteract oxidative stress, the modified 
residue position was further probed to demonstrate energetic coupling with PEP binding.  Mutant 
cycles provide evidence that the mechanism for regulation by oxidation is similar/equivalent to 
that caused by phosphorylation, disruption of an activating interaction between the N-terminus 
with the main body of the protein. 
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Relative Timing of Proton Transfers in Oxygen Reduction Catalyzed by Choline Oxidase 
Swathi Gannavaram‡ and Giovanni Gadda‡,§, 

Departments of ‡Chemistry and §Biology, and The Center for Biotechnology and Drug Design, Georgia State 
University, Atlanta, GA 30302-4098 

 
Choline oxidase from Arthrobacter globiformis catalyzes the oxidation of choline with the 

reduction of dioxygen (O2) forming glycine betaine and hydrogen peroxide (H2O2) (1). Owing to 
chemical properties of O2, its reduction to H2O2 proceeds in multiple steps involving formation 
of different reaction intermediates. Previously, a flavin semiquinone and a C4a-
hydroperoxyflavin intermediate have been detected in human liver glycolate oxidase (2) and 
pyranose 2-oxidase (3) from Trametes multicolor, respectively. For the first time, using as probes 
pH profiles, viscosity studies, and kinetic isotope effects (solvent, substrate and multiple) on 
steady state kinetics, the relative timing of proton transfers in the mechanism of O2 reduction has 
been elucidated in a flavoprotein oxidase. 
 
1. Fan, F., and Gadda, G. (2005) On the catalytic mechanism of choline oxidase, J. Am. 

Chem. Soc. 127, 2067-2074. 
2. Pennati, A., and Gadda, G. (2010) Stabilization of an Intermediate in the Oxidative Half 

Reaction of Human Liver Glycolate Oxidase, Biochemistry 50, 1-3. 
3. Sucharitakul, J., Wongnate, T., and Chaiyen, P. (2011) Hydrogen peroxide elimination 

from C4a-hydroperoxyflavin in a flavoprotein oxidase occurs through a single proton 
transfer from flavin N5 to a peroxide leaving group, J. Biol. Chem. 286, 16900-16909. 

 
 This study was supported in part by NSF-CAREER MCB-0545712 (G.G.), NSF MCB-1121695 
(G.G.) and a Molecular Basis for Disease Fellowship (S.G.). 
 

40



On the Catalytic Mechanism of Nitronate Monooxygenase from Williopsis saturnus 

Crystal Smitherman‡and Giovanni Gadda‡§ 
Departments of ‡Chemistry and §Biology, and The Center for Biotechnology and Drug Design, Georgia State 

University, Atlanta, GA 30302-4098 
 

Nitronate monooxygenase (NMO, E.C. 1.13.12.16), formerly known as 2-nitropropane 
dioxygenase (E.C. 1.13.11.32), is an FMN-dependent enzyme that catalyzes the oxidative 
denitrification of alkyl nitronates through the formation of an anionic flavosemiquinone 
intermediate. The kinetic properties of NMO have been previously characterized on the enzyme 
from Neurospora crassa with a variety of alkyl nitronates and, to a lesser extent, Williopsis 
saturnus var. Mrakii (1). Our group has recently shown that propionate 3-nitronate, a potent 
inhibitor of succinate dehydrogenase, is likely the physiological substrate of the enzyme (2), with 
kcat/Km values of 107 M-1s-1. The current study investigates the mechanism NMO from W. 
saturnus.  

Steady state kinetics with propionate 3-nitronate showed a high catalytic turnover of 1200 s-1 
and kcat/Km of 2x107 M-1 s-1, much faster than most flavin-dependent enzymes with their 
respective substrates. The pH-profiles for kcat and kcat/Km with propionate 3-nitronate and propyl 
1-nitronate have been investigated to establish the contribution of the substrate carboxylate to 
binding and catalysis.  The pH dependence of the secondary substrate kinetic isotope effects with 
ethyl nitronate, a slower substrate, has been determined to probe the catalytic step of substrate 
oxidation in the reaction catalyzed by NMO. The results will be discussed in the context of the 
chemical mechanism of the enzyme with its physiological substrate propionate 3-nitronate. 

 
1. Gadda, G., and Francis, K. (2010) Nitronate monooxygenase, a model for anionic flavin 

semiquinone intermediates in oxidative catalysis, Arch. Biochem. Biophys. 493, 53-61. 
2. Francis, K., et al (2012) A novel activity for fungal nitronate monooxygenase: 

Detoxification of the metabolic inhibitor propionate-3-nitronate, Arch. Biochem. 
Biophys., in press. 
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A Reconsideration of the Precise Role of the Distal Histidine in Heme-dependent 
Dioxygenase 

Jiafeng Geng, Kednerlin Dornevil, and Aimin Liu* 
Department of Chemistry, Georgia State University, Atlanta, GA 30302 

 Tryptophan 2,3-dioxygenase (TDO) is a heme-dependent enzyme that catalyzes the 

oxidative degradation of L-tryptophan (L-Trp) to Nformylkynurenine (NFK). In its distal heme 

pocket, a highly conserved histidine believed to be involved in substrate binding has attracted 

great attention. The catalytic role of this conserved residue after O2 binding, however, remains a 

puzzle. In this study, three mutant proteins, H72S, H72N, and Q73F were generated to 

investigate the possible functions of His72, the distal histidine residue in Cupriavidus 

metallidurans TDO (cmTDO). Spectroscopic characterizations and enzymatic kinetic analyses, 

especially chemical rescue assays, were employed to study the biochemical properties of the 

wild-type enzyme and the mutant proteins. Rapid kinetic methods were utilized to explore the 

molecular basis for the observed stimulation of catalytic activity by 2-methylimidozole in His72 

variants. The results indicate that the distal histidine occupies multiple roles in catalysis. First, 

His72 contributes to, but is not essential for, substrate binding and enzymatic catalysis. Second, 

it shields the heme center from non-productive binding with exogenous ligands. Third, and most 

importantly, His72 plays a significant role in catalysis by, conceivably, providing H-bonding 

interaction to the bound O2 and the subsequent putative ferryl species. 
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Targeting Branched DNA  
 

Christopher J. Hamilton
a
 and Markus Germann

a,b
 

Departments of Chemistry
a
 and Biology

b
, Georgia State University, Atlanta, Georgia, 30303, USA 

 

Holliday junctions are formed during recombination and DNA repair. The structure 
consists of four duplexed arms extending from an interface at the center. These linked DNA 
junctions  are  substrates  for  resolvases  which  disentangle  the  linked  DNA’s.    Cruciforms are 
similar in appearance to Holliday junctions due to their crucifix-like  shape;;  however  cruciform’s  
have immobile junctions which cannot branch migrate making them much easier to study.  The 
central junction is unique to this type of structure and molecules that bind specifically to the core 
are expected to affect recombination and double stranded DNA break repair. There have been 
few reports of molecules that can bind to the center of branched DNA. Several proteins interact 
with DNA cruciforms by specifically recognizing the four-way junction or by identifying the 
characteristically sharp bends in the DNA backbone. One such enzyme that does this is the 
cruciform resolving enzyme, T7 endonuclease I. Upon binding, the cruciform is cleaved by a 
series of nicks across the junction. This can be exploited as a screen to monitor drug binding to 
the junction.  
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New Insights into Putative Active Site Residues of Bicupin Oxalate Oxidase  
Eric Hoffer a, Patricia Moussatcheb, Morgan Granta, Kelsey Ubertoa Bridget Immelmana, 

Andrew Ozarowskic, Alexander Angerhoferd,and Ellen W. Moomawa 
aDepartment of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA 30144, 

bFoundation for Applied Molecular Evolution, Gainesville, FL 32604, cNational High Magnetic Field Laboratory, 
Florida State University, Tallahassee, FL 32310 dDepartment of Chemistry, University of Florida, Gainesville, FL 

32611-7200. 
 
Oxalate oxidase (OxOx, E.C. 1.2.3.4) 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. Ceriporiopsis subvermispora (CsOxOx)  is the first bicupin 
enzyme identified that catalyzes this reaction (1).  CsOxOx shares greatest sequence homology 
with bicupin microbial oxalate decarboxylases (OxDC).  In previous work, we have shown that 
that the dominant contribution to catalysis comes from the monoprotonated form of oxalate 
binding to a form of the enzyme in which an active site carboxylic acid residue must be 
unprotonated (2).  Given that the 241-244DASN region of the N-terminal Mn binding domain of 
CsOxOx is analogous to the lid region of OxDC which has been shown to be a determinant of 
reaction specificity, we have prepared a series of CsOxOx mutants to probe this region and to 
identify the carboxylate residue implicated in catalysis.  We report here the kinetic and 
spectropscopic characterization of these CsOxOx site-specific mutants. The pH profile of the 
D241A CsOxOx mutant suggests that the protonation state of aspartic acid 241 is 
mechanistically significant and that catalysis takes place at the N-terminal Mn binding site. The 
fact that the D241S CsOxOx eliminates Mn binding to both the N- and C- terminal Mn binding 
sites suggests that both sites must be intact for Mn incorporation into either site.  The 
introduction of a proton donor into the N-terminal Mn binding site (CsOxOx A242E mutant) 
does not affect reaction specificity. In an effort to explore whether or not both Mn-binding 
domains are sites of catalysis, we have mutated two conserved arginine residues (Arg169 and 
Arg349) that have (by analogy to OxDC) been implicated in substrate binding and charge 
stabilization of a catalytic intermediate. The CsOxOx R169K mutantation reduces activity below 
that commensurate with its Mn content which further supports that catalysis takes place at the N-
terminal Mn binding site.  The CsOxOx R349K abolishes Mn incorporation into either the N- or 
the C-terminal Mn-binding site confirming that both sites must be intact for Mn incorporation 
into either site and precluding assessment of whether the C-terminal Mn binding site can mediate 
catalysis. This work was supported by the National Science Foundation (MCB-1041912) to 
EWM. 
 
1. Escutia, M. R., Bowater, L., Edwards, A., Bottrill, A. R., Burrell, M. R., Polanco, R., 

Vicuna, R., and Bornemann, S. (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. 

2. Moussatche, P., Angerhofer, A., Imaram, W., Hoffer, E., Uberto, K., Brooks, C., Bruce, 
C., Sledge, D., Richards, N. G., and Moomaw, E. W. (2011) Characterization of 
Ceriporiopsis subvermispora bicupin oxalate oxidase expressed in Pichia pastoris, Arch 
Biochem Biophys 509. 
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 Characterization of H228 Residue and water ligand in α-Amino-β-

Carboxymuconic- ε-Semialdehyde Decarboxylase (ACMSD): Insight into the 
Catalytic Mechanism of ACMSD Reaction  
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Introduction  
α-Amino-β-carboxymuconate-ε-semialdehyde decarboxylase (ACMSD) is a prototypical member of a 

new subfamily representing C-C breaking activity in the amidohydrolase superfamily. The active site of 

which is a zinc ion. A nearby His228 is H-bonded to a water ligand of the metal. When His228 was 

altered to other amino acids, no or residue catalytic activity was observed from the variants. Among 

them, H228Y is unique in that it displays a blue color not seen in the wild-type ACMSD.  

Experiments and results  
Metal analysis of H228Y shows it contains only an iron ion, indicating a single mutation changed metals 

selectivity of ACMSD.The blue color is absent when the Fe is reduced, and reinstalled upon oxidation. 

The Co(II)-containing H228Y obtained from a minimum medium with supplemented CoCl2 is brown in 

color. The EPR spectrum of the brown form shows a high-spin 59Co(II) with a remarkably well-resolved 8-

line splitting pattern and superhyperfine interactions from 14N. The electronic spectra of the mutant 

suggest an unchanged 5-coordination at the metal ion. Specific staining assay suggests that blue color in 

Fe-H228Y is not due to a metal-bound quinone. Resonance Raman study indicates that the blue color is 

originated from a metal-bound phenolate. Crystal structures of Co(II)-H228Y ACMSD and Zn(II)-H228G 

ACMSD were solved. The active sites of both variants missed the Together, these biochemical and 

spectroscopic analyses suggest that both His228 and the water ligand are required for decarboxylation. 

The role of H228 is proposed to activate the metal-bound water ligand for generating a nascent 

hydroxide for catalysis. These results lead to a novel decarboxylation model, which is consistent with the 

general mechanism of the amidohydrolase superfamily. 
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Effect of Steam Explosion on Degradability and Accessiblity of Loblolly Pine for Biofuel 
Applications 
Yuzhi Kang, Prabuddha Bansal, Matthew Realff, Andreas Bommarius  
School of Chemical and Biomolecular Engineering, Georgia Institute of Technology,  
Atlanta 30318, USA 
 
Abstract 

Steam explosion is one of the most effective pretreatment methods in disrupting lignocellulosics 
structure and enhancing its accessibility. The key operational parameters including temperature, 
residence time and acid concentration have pronounced effects on crystallinity index (CrI) of the 
feedstock. The CrI of pretreated lignocellulosic biomass was calculated from X-ray 
diffractometry with the method of Least-squares and was found to decrease as pretreatment 
severity increases. Furthermore, the CrI of cellulose fraction in the steam-pretreated substrate is 
found to decrease proportionally with cellulose conversion. A series of steam-exploded 
lignocellulosic samples with varying CrI was generated and the significance of CrI is confirmed 
by a linear relationship between initial hydrolysis rates and CrI. The present study provides 
evidence that the CrI is a key parameter determining the enzymatic hydrolysis rate of pretreated 
lignocellulosic biomass.  
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           Evolutionary clues to protein kinase structural mechanisms 

Natarajan Kannan‡ 
Departments of Biochemistry and Molecular Biology and Institute of Bioinformatics, Athens, GA 30602 

 
Protein kinases are a large and diverse family of enzymes that display remarkable diversity and 

complexity in their modes of allosteric regulation.  The complex modes of protein kinase regulation have 

evolved through the process of natural selection operating on protein kinase sequences for billions of 

years. Here I describe how quantitative comparisons of protein kinase sequences and structures from 

diverse organisms, in particular prokaryotes, have contributed to our understanding of the structural 

organization, and evolution of allosteric regulation in the protein kinase domain.  An emerging view from 

these studies is that regulatory diversity in   the   protein   kinase   domain   evolved   in   a   “modular”   fashion  

through elaboration of an ancient core component, which existed before the emergence of eukaryotes. The 

core component provided the conformational flexibility required for ATP binding and phosphoryl-transfer 

in prokaryotes, but evolved into a highly regulatable domain in eukaryotes through the addition of 

exaggerated structural features that facilitated tight allosteric control. Family and group specific structural 

motifs in eukaryotes are built upon the core component to provide additional layers of regulation. The 

implications of these studies in drug design, and in understanding the evolution of regulation in other 

enzyme families will be discussed. 
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Expression, Purification, and Preliminary Characterization of Members of the N-
hydroxylating Monooxygenase Family 

Nick Keul, Reeder Robinson, and Pablo Sobrado 
Department of Biochemistry, Virginia Tech, Blacksburg, 24061 

 
Microbial N-hydroxylating monooxygenases (NMOs) are a family of flavin-

containing monooxygenases that catalyze the hydroxylation of amines to be incorporated 
into hydroxamate-containing siderophores. This class of enzymes is relatively 
uncharacterized, mainly due to difficulties in the production of soluble and stable 
recombinant enzymes. We have identified novel NMOs that might be amenable for in 
vitro studies. Two selections include the putrescine monooxygenase AlcA from 
Bordetella pertussis and the L-lysine monooxygenase NbtG from Nocardia farcinica. 
These enzymes are involved in the biosynthesis of alcaligin and nocobactin, respectively. 
Both AlcA and NbtG were expressed as fusions to maltose-binding protein and purified 
to homogeneity with a bound flavin cofactor. Both were found to be active by detection 
of hydroxylated product and preliminary kinetic values were obtained with NbtG. The L-
lysine hydroxylase NbtG was found to have kcat values for oxygen consumption of 1.06 ± 
0.02 s-1 and 1.19 ± 0.02 s-1 for NADPH and NADH, respectively. The Km values for 
NADPH and NADH obtained were 257 ± 20 µM and 465 ± 34 µM, respectively. 
Comparison with other studied NMOs will be presented as well. Further advancement of 
these studies will lead to a better understanding of the mechanism of action of the NMO 
family of flavin-containing monooxygenases. This research was funded by a grant from 
NSF (MCB-1021384). 
 

 

 

 

 

 

 

 

 

Figure 1. Reactions catalyzed by AlcA and NbtG and the ultimate biosynthesis of their 
respective siderophores. 
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Analysis of a Discontinuous Group I Ribozyme 
 

Matthew Knowe and Marcello Forconi 
Department of Chemistry and Biochemistry, College of Charleston, Charleston SC 29424 

  
 
Enzymes  are  Nature’s  catalysts:   they  accelerate  chemical   reactions  by  several  orders  of 

magnitude, allowing even inherently slow reactions to proceed with the speed needed to sustain 
life. One of the challenges of bio-related research is to understand the power of enzymes.  

Until a few years ago, we believed that ribozymes (enzymes made entirely of RNA) were 
formed by stretches of contiguous nucleotides that adopt complex three-dimensional structures in 
the cellular environment; however, recent work on the hammerhead ribozyme showed that 
‘discontinuous’  ribozymes,  in  which  two  RNA  regions  distant in sequence recombine in-vivo to 
form an active ribozyme, are also present in Nature.  

In this project, we have started the investigation of a putative discontinuous group I 
intron. Introns are particular ribozymes that excise themselves from the surrounding RNA. 
Group   I   introns   use   an   exogenous   guanosine   molecule   to   initiate   this   process.   This   ‘cut   and  
paste’  process  (splicing)  allows,  for  example,  formation  of  sequences  that  meaningfully  encode  
for proteins. One of our collaborators recently reported the existence of a minimal group I intron 
(the   ‘PaSSU   intron’),   that   lacks   structural   elements   conserved   in   larger   group   I   introns.   This  
intron splices when long flanking regions (exons) are present, but not when these exons are 
minimal. It is therefore possible that regions outside the intron assist the splicing process. If these 
preliminary data are confirmed, this intron will represent a novel class of discontinuous 
ribozymes. The goal of this project is to find the minimal length of the flanking regions that 
allows proper splicing, and to determine the structural changes associated with the removal of 
flanking regions.  
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Modelling of human RNA Polymerase II 

Bradley Kossmann‡, Chunli Yan‡ and Ivaylo Ivanov‡ 
‡Department of Chemistry, Georgia State University, Atlanta, GA 30302-4098 

 
RNA polymerase II (Pol II) is responsible for transcribing DNA into mRNA and exhibits 

“backtracking” behavior that can arrest transcription and is triggered by specific DNA 
sequences. Although X-ray structures of eukaryotic Pol II from Saccharomyces cerevisiae are 
available, high-resolution structure of human Pol II is lacking. Using cryo electron microscopy 
and single-particle reconstruction, we have determined the structure of human Pol II bound to the 
DNA-RNA hybrid at 11.5 Å. By combining data from cryo electron microscopy, homology 
modeling, and molecular dynamics simulations through the molecular dynamics flexible fitting 
(MDFF) method, we obtained the atomic model for the human Pol II. The resulting complete 
model of Pol II could provide insights into the structural properties and the transcription 
mechanisms of human Pol II. 

 
1. Cramer, P. (2004) RNA polymerase structure: from core to functional complexes, 

Current Opinions in Genetics & Development 14, 218-226. 
2. Lin-Tai, D., Wang, D., and Huang, X. (2012) Dynamcs of Pyrophosphate Ion Release 

and Its Coupled Trigger Loop Motion from Closed to Open State in RNA Polymerase II, 
J.A.C.S. 134, 2399-2406. 

3. Cheung, A. C. M., and Cramer, P. (2011) Structural basis of RNA polymerase II 
backtracking, arrest and reactivation, Nature 471, 249-253. 

4. Gnatt, A. L., Cramer, P., Fu, J., Bushnell, D. A., and Kornberg, R. D. (2001) Structural 
Basis of Transcription: An RNA Polymerase II Elongation Complex at 3.3 Å Resolution, 
Science 292, 1876-1882. 
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Kinetic characterization of glucosyl-3-phosphoglycerate synthase from M. tuberculosis, a 
member of the GT-81 glycosyltransferase family. 

Garima Kumar, Dr. Patrick A. Frantom 

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

Mycobacteria produce unique cytoplasmic methylated polysaccharides commonly called 
methylglucose lipopolysaccharides (MGLPs). MGLPs form stable complexes with medium and 
long chain fatty acyl chains and acyl CoA and regulate the activity of fatty acid synthase I in 
vitro, leading to the hypothesis that these polysaccharides regulate fatty acid metabolism in 
mycobacteria. The first step in MGLP biosynthesis involves the transfer of glucose from UDP-
glucose to 3-phosphoglycerate (3-PGA) to form glucosyl-3-phosphoglycerate. This reaction is 
catalyzed by the glycosyltransferase glucosyl 3-phosphoglycerate synthase (GpgS). GpgS has 
been shown to be essential for growth of Mycobacterium tuberculosis, making the enzyme a 
potential target for the development of novel anti-tubercular drugs. The three-dimensional 
structure of GpgS from M. smegmatis is known and a preliminary kinetic characterization has 
previously been reported. Due to the importance of this enzyme in the biosynthetic pathway for 
MGLP production, we have performed a more robust kinetic analysis of the enzyme from M. 
tuberculosis (MtGpgS). Kinetic parameters determined for recombinant MtGpgS are consistent 
with the previously reported with a Vmax value of 49 ± 2 min-1 and Michaelis constants of 822 ± 
60 µM and 197 ± 29 µM for UDP-glucose and 3-PGA, respectively. Substrate inhibition is 
observed at high concentrations of 3-PGA. A detailed kinetic analysis is consistent with 3PGA 
competing with UDP-glucose as the mechanism of inhibition. Initial velocity studies suggest a 
sequential mechanism, though dead-end inhibition experiments do not definitively establish the 
order of substrate binding. The results of pH rate profiles demonstrate that Vmax is only slightly 
dependent on pH while the V/K value for UDP-glucose suggests a single residue with a pKa 6.9 
± 0.1 must be deprotonated for optimal activity. 
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Overexpression and Purification of a Functional Manganese Catalase 

Andrew Lejman and Pamela Riggs-Gelasco 
Department of Chemistry and Biochemistry, College of Charleston, Charleston, SC 29407 

 
Catalases disproportionate H2O2 into O2 and H2O and, in conjunction with superoxide 

dismutase, are vital in preventing oxidative damage to cellular components by reactive oxygen 
species (ROS).  Typically, catalases utilize a heme metallocofactor but a growing number of 
bacterial species such as Bacillus cereus, Lactobacillus plantarum and Bacillus anthracis express 
a “pseudocatalase”, containing a manganese cluster that catalyzes the same reaction. Previous 
attempts to overexpress and purify the L. plantarum manganese catalase (MnCat) have been 
plagued by insolubility issues.  Here, we report the partial purification of a functional manganese 
catalase. Activity assays indicate catalase activity in the presence of high sodium azide 
concentrations that normally inhibit heme catalase, suggesting the presence of an active 
manganese catalase enzyme.  Details of the expression, purification, and assays will be 
presented. 
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Structural basis for multi-domain natural product synthetase chemistry using mechanism 
based inhibitors  

Ye Liu, Heather Condurso, Sasha Zagulyaeva and Steven Bruner 
Department of Chemistry, University of Florida, Gainesville, FL 32611 

 

 
Nonribosomal peptide natural products include a large number of structurally diverse, 
therapeutically important compounds. The metabolites are biosynthesized on large multidomain, 
modular enzyme assemblies (nonribosomal peptide synthetases). The lack of detailed structural 
and mechanistic information for multidomain enzymes hinders the mechanistic understanding 
and rational engineering of these systems.  In addition, the unique and complex thioester 
template mechanism of substrate trafficking through the biosynthetic machinery is poorly 
understood.  We have taken a chemical approach to address this issue by synthesizing designed, 
stable coenzyme A analogs in order to fix the mobile enzyme and carrier domains in predictable 
conformations and have applied this methodology to target different domains in nonribosomal 
peptide pathways(1). Ongoing efforts are aimed at applying this approach toward a structural 
basis for multi-component assembly line function focusing on enzymes from the moderate 
thermophile Thermobifida fusca. 

 

 
 

1. Liu, Y., Zheng, T. & Bruner, S.D.  Structural basis for phosphopantetheinyl carrier 
domain interactions in the terminal module of nonribosomal peptide synthetases.  Chem. 
Biol. 2011, 18, 1482-8. 
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Finding Minimum Energy Pathway for Base Extrusion in Uracil DNA Glycosylase

Buddhadev Maiti, Oladayo Agboola and Ivaylo Ivanov
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Atlanta GA 30302 

Phone: 404-413-5529 

Fax: 404-413-5505

E-mail: iivanov@gsu.edu

Abstract

Base excision repair (BER) is a collection of processes by which a cell identifies and corrects damage 

to the DNA molecules that encode its genome. DNA bases can be chemically damaged by a variety of 

exogenous lesions from UV light,  radiation,  x-rays,  gamma rays,  hydrolysis  or thermal disruption, 

certain  plant  toxins,  human-made mutagenic chemicals,  especially aromatic  compounds that  act  as 

DNA intercalating agents and viruses and endogenous lesions from deamination, oxidation, alkylation 

and replication errors. If DNA damage cannot be repaired by the cell, the cell could die. If the damage 

is copied during replication,  then a  mutation could occur,  that  could increase the risks for cancer, 

cataracts and neurological disorders. The essential step of BER is initiated by DNA glycosylase, which 

recognize  and  remove  specific  damaged  or  inappropriate  bases,  forming  an  AP site  (apurinic  / 

apyrimidinic site). A wide variety of glycosylases have evolved to recognize different damaged bases. 

In this context, we studied the removal of uracil from DNA by uracil DNA glycosylate (UDG). Crystal 

structures provided only the end points of these processes without providing the full path. Therefore, 

we used nudged elastic band (NEB) method to compute the minimum energy pathway (MEP) between 

a initial and final state for Uracil DNA Glycosylase base extrusion. The calculated free energy profile 

of reactant,  product, all intermediates and transition states gave a complete description of the base 

extrusion mechanism.

Keywords: BER, DNA, AP, UDG, NEB, MEP
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Conformational Plasticity of an Enzyme During Catalysis 
Lauren C. McGowan, Donald Hamelberg 

Department of Chemistry, Molecular Basis of Disease Area of Focus, Georgia State University, Atlanta, GA, 30302-
4098. 

 
 The mechanism of action of enzymes is mainly due to their ability to preferentially 
stabilize the transition state. However, the role conformational dynamics play in the mechanism 
of enzyme action and recognition is not well understood. Here, we employ molecular dynamics 
to investigate conformational changes in atomic detail not easily captured in vitro. We show that 
the human cyclophilin A, a well-studied cis-trans isomerase, adopts ensembles of conformations 
that can selectively bind the substrate via conformational selection. We have analyzed the 
principal modes of the active site residue dynamics of cyclophilin A, as well as the torsional 
angle populations of active site residues.   Measurements of residue fluctuation relative to the 
free enzyme suggest which residues are important to catalysis.  Residues that are critical for 
substrate recognition via electrostatic contact are flexible and sample a large amount of 
conformational space, while residues that are critical for complex stability via hydrophobic 
contact prefer less fluctuation. Cyclophilin A has evolved to employ transition-state stabilization 
via optimized electrostatic and van der Waals contact.   
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Design, synthesis of functional CoA analogs and its application in HATs 

Jiaqi Mi, Yongan Yuan, You Feng, Chao Yang, Yujun Zheng*  

Department of Chemistry, College of Arts and Sciences, Georgia State University  

 

Abstract 

   Nowadays, cancer has become a serious theat that is second only to cardiovascular disease, causing 

high mortality. Therefore, finding new anticancer drugs with low toxicity, high efficiency and selectivity 

which act on specific targets has become an important direction in the research and development of 

anticancer drugs. In particular, Histone acetyltransferase (HATs), which transfer an acetyl group from 

acetyl-CoA to lysine residues in histones, plays an important role in cancer. 

Herein, we discuss the synthesis of azide /alkyne-derivatized CoA analog, a kind of chemical reporters 

that enable rapid detection and and identification of acetylated proteins, which will help find new ways 

to attack a type of protein involved in cancer, leading to new drugs that will target the disease.   

KEY WORDS  

CoA analogs; HATs  
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Evidence for Long-range Polarizability in Simple Amino Acid Sequences 

Melissa Missinne, Joshua Baugh, Elizabeth Bennett, 
Sarah Peake, and John Haseltine 

Department of Chemistry and Biochemistry, Kennesaw State University, Kennesaw, GA 30144 
 
Proteases react most efficiently with substrates of preferred sequence identity that are 

long enough to completely fill the enzyme's binding site.  The main impact of substrate length is 
typically on kcat rather than KM.  For example, porcine pancreatic elastase cleaves Ac-Ala-NH2 
with a kcat of less than 0.0008 sec-1 at 37oC, but Ac-Ala-Pro-Ala-NH2 with a kcat of 0.09 sec-1, and 
Ac-Pro-Ala-Pro-Ala-Ala-NH2 with a kcat of 37 sec-1, corresponding to a range of over 40,000-
fold in kcat (1).  The mechanism of substrate length-dependence is unknown, but is often ascribed 
to enzyme/substrate interactions.  In 2004, we showed that the mildly basic, non-enzymatic 
solvolysis of simple oligopeptide esters (at the ester group) can exhibit a similar dependence of 
rates on long-range structure (2).  For example, Piv-Pro-Pro-OEt is eight times more reactive 
than Piv-Pro-OEt, and Piv-Sar-Pro-Pro-OEt is 110 times more reactive.  These findings raised 
the possibility that the length-dependences seen in enzymatic contexts may be reflecting, at least 
partly, the differences in reactivity of the substrates themselves.  The data also showed plainly 
that a local reaction site in a simple amino acid sequence can somehow "sense" structure 
elsewhere in the sequence.  This presentation focuses on our subsequent, expanded investigations 
of oligopeptide solvolysis.  The results give a more detailed picture of the influences of short and 
mid-range structure on acyl transfer rate constants.  They are consistent with a mechanism for 
acyl transfer events, including proteolysis, that involves dynamic through-strand electronics 
during the rate-determining step. 

 
1. Thompson, R. C., and Blout, E. R. (1973) Dependence of the kinetic parameters for 

elastase-catalyzed amide hydrolysis on the length of peptide substrates, Biochemistry 12, 
57-65. 

2. Fan, Y.-H., Grégoire, C.-A., and Haseltine, J. (2004) Intramolecular orbital alignments in 
serine protease/protein inhibitor complexes, Bioorg. & Med. Chem. 12, 3097-3106. 
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Role of Arg 418 Switch in Electron-donor-enhanced Catalase Activity of M. tuberculosis
Catalase-peroxidase (KatG)

Elizabeth Ndontsa, Douglas Goodwin

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

Catalase-peroxidases (KatGs) are heme-dependent enzymes that protect bacterial cells from the
toxic effects of H2O2. Their active sites are superimposable on those of peroxidases like
cytochrome c peroxidase and ascorbate peroxidase, but they are the only members of their
superfamily with robust catalase activity. Interestingly, they share no structural similarities with
typical catalases. The decomposition of H2O2 by KatG is facilitated by catalatic and peroxidatic
mechanisms, both of which begin with the heterolytic reduction of H2O2 to H2O and formation of
compound I (i.e., FeIV=O[porphyrin].+). Peroxidatic return of the enzyme to its ferric state comes
upon the oxidation of exogenous (usually aromatic) electron donors, whereas catalatic turnover
is completed by H2O2 oxidation. Consequently, one would anticipate that peroxidatic electron
donors would inhibit KatG catalase activity. Surprisingly, we observed that these compounds
stimulated the catalase activity of KatG by more than 20 fold with the greatest effect observed
under conditions where catalase activity would normally be greatly diminished. The dominant
heme intermediate identified during electron-donor-stimulated catalase activity was closely
related to a compound III-like intermediate [i.e., FeIII-O2

.-]. It has been observed that an intact
Trp-Tyr-Met (WYM) covalent adduct is required for KatG catalase activity, and that its function
is modulated by an arginine switch. Disruption of the covalent adduct (Y229F KatG) blocked
catalase activity even in the presence of electron donors, but R418A KatG, normally devoid of
catalase activity, showed appreciable catalatic O2 production in the presence of electron donors.
These results suggest an important role for peroxidase electron donors in the catalase mechanism
of KatG. The electron-donor-stimulated catalase mechanism carries important implications for
organisms like M. tuberculosis that rely on KatG as their only catalase mechanism for activity.
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Activity and Substrate Selectivity of I86A and I86A/C295A Secondary Alcohol 
Dehydrogenase from Thermoanaerobacter Ethanolicus 
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 Secondary alcohol dehydrogenases (SADH, EC 1.1.1.X, X=1,2) are NAD(P)H dependant 
enzymes that catalyze the oxidation reaction of a secondary alcohol to a ketone, along with the 
reversible reduction reaction as well.  The secondary alcohol dehydrogenase from 
Thermoanaerobacter ethanolicus is a thermostable enzyme (up to 85°C) with an active site that 
has been studied extensively 1.  The wild-type enzyme can accommodate smaller molecules and 
straight chains.  A phenyl group on the secondary alcohol is too large for the active site.  The 
I86A mutation opened up the active-site to be able to fit a phenyl ring with a fluoro substituent, 
but nothing larger in the para position 2.  With this in mind, a C295A mutation was incorporated 
into the active-site in hopes that the specificity would be expanded.  The expectation was that the 
para-position substituent specificity would be broadened, though the meta-position was where 
I86A/C295A was found to accept substituents.  3-Chloroacetophenone reacted with both the 
I86A and I86A/C295A mutants, which  wasn’t  tested  in  the  initial  studies  with  the  I86A  mutant  2.  
Further studies show that the active-site of I86A/C295A SADH can accommodate substituents 
up to ethoxy in the meta-position.  Acetophenone was found to be a better substrate for 
I86A/C295A when compared to I86A.  The next step of my research would focus on the kinetic 
data for the substrates to quantitatively compare the substrate specificity of I86A and 
I86A/C295A. 
 
References: 
1. Musa M. M. and Phillips, Robert S. Recent advances in alcohol dehydrogenase-catalyzed 
asymmetric production of hydrophobic alcohols. Catal. Sci. Technol., 2011, 1, 1311-1323. 

2. Musa, M. M., Lott, N., Laivenieks, M., Watanabe, L., Vieille, C., Phillips, R. S. A single point 
mutation reverses the enantiopreference of Thermoanaerobacter ethanolicus secondary alcohol 
dehydrogenase  ChemCatChem. 2009, 1, 89-93. 

59



Structural Basis of Ca2+/Calmodulin Dependent Protein Kinase (CAMK) Evolution

Tuan Nguyen‡, Amar Mirza‡, and Natarajan Kannan‡,#
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#Institute of Bioinformatics, University of Georgia, Athens, GA 30602

The Ca
2+

/Calmodulin Dependent Protein Kinase (CAMK) group of the eukaryotic protein 

kinase (EPK) superfamily contains members implicated in various cellular processes such as 

long term potentiation (LTP),  glycogen metabolism, and apoptosis  etc.  Although past studies 

have provided extensive insights on the CAMK’s diverse mode of regulations, an evolutionary 

basis of its functional divergence has not been well characterized. Using a Bayesian approach, 

we identify selective sequence constraints that distinguish the CAMK and its members from the 

EPK superfamily. Our results reveal a co-conserved pattern of residues that structurally link the 

substrate binding region to distant regulatory sites. This network is built upon the EPK core 

features. Many family specific constraints within CAMK group may point to the subtle tuning of 

the  CAMK network,  potential  allosteric  pocket,  and surface  docking  sites  for  substrates/co-

protein binding. These features form testable hypotheses for follow-up studies. Our work further 

points to the modularity of protein kinase’s mechanism of evolution.
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KINETIC ANALYSIS OF THE NON CROSSLINKED ISOFORM OF CYSTEINE 
DIOXYGENASE USING TYR58A VARIANT 

Catherine W. Njeri and Holly R. Ellis 
Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama 36849 

 
The enzymatic oxidation of L-cysteine to L-cysteine sulfinate is catalyzed by the 

mononuclear ferrous iron dependent enzyme, cysteine dioxygenase (CDO). This enzyme 
catalyzes the incorporation of both atoms of dioxygen into the sulfhydryl group of cysteine 
forming the cysteine sulfinate product1. Results from the three dimensional structure of CDO 
have established that this enzyme has a β-barrel structure that is characteristic of the cupin 
superfamily2. While some members of this superfamily have been shown to coordinate their 
active site iron using three histidine residues and a glutamate residue, CDO coordinates its active 
site iron using only three histidine residues.  Another unique feature of CDO is the crosslink 
between Cys93 and Tyr157 located near the active site3. This crosslink is not homogenous and a 
mixture of both the crosslinked and non crosslinked CDO isoforms are present following 
purification of the enzyme. Based on preliminary data, the substrate cysteine, ferrous iron, and 
dioxygen are crucial requirements for the formation of this crosslink.  

Previous studies have demonstrated that the homogenously crosslinked isoform of CDO 
is catalytically inactive and the activity of CDO has been attributed to the non crosslinked form 
of the enzyme. The three dimensional structure of CDO reveals several highly conserved amino 
acid residues that line the active site. These residues include Tyr58, Arg60, Ser153, and His155. 
Tyr58 is located at the active site entrance, and was proposed to be involved in a hydrogen 
bonding network.  In the present study, the role of Tyr58 in the catalytic mechanism of CDO was 
investigated. Tyr58 was substituted to alanine and the functional properties of the recombinant 
enzyme investigated. Interestingly, most of the Tyr58A CDO variant was found to be in the non 
crosslinked form when resolved on SDS-PAGE. The activity of the Tyr58A CDO variant was 
considerably higher than wild type CDO. The increased activity observed was attributed to the 
presence of a higher percentage of the non crosslinked isoform in the Tyr58A CDO variant 
further supporting the hypothesis that the non crosslinked form of CDO solely contributes to the 
activity observed in this enzyme. Additional studies were performed to investigate the role of 
Tyr58 in the mechanism of crosslink formation. 
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Shr mediates a unique mechanism for the regulation of heme scavenging and transfer  
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Group A streptococcus (GAS) is an important E-hemolytic human pathogen. During 

infections the bacteria cause massive lyses of erythrocytes releasing hemoglobin. Recent studies 

revealed that GAS encodes a heme relay system consisting of Shr, Shp and the SiaABC 

transporter. Shr, the first protein in this relay system, is a complex, surface protein, with a unique 

N-terminal domain (NTD) and two NEAT domains separated by a central leucine-rich repeat 

region. Shr readily acquires heme from methemoglobin and transfers it to the adjacent surface 

receptor, Shp. In addition to its interaction with methemoglobin, Shr binds several hemoproteins 

and extracellular matrix components. In this study we investigate the role of the different 

structural domains of Shr in heme acquisition and transfer. Spectrophotometric and stopped-flow 

analyses show that NEAT1 mediates heme scavenging from methemoglobin and transfers it to 

Shp, whereas NEAT2 serves as heme storage. Based on these studies, we suggest a molecular 

model and discuss the heme flow in the streptococcal system. 
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Enzymatic Reduction of Nitro Compounds to Amines with Nitroreductase 
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School of Chemical and Biomolecular Engineering, Parker H. Petit Institute for Bioengineering and Biosciences, 
Georgia Institute of Technology, Atlanta GA, 30332-0363 
 

Nitroreductases are enzymes that reduce nitro compounds to corresponding nitroso, 
hydroxylamine, and amino compounds. In the past 20 years, they have gathered interest in 
several applications such as degradation of xenobiotic nitroaromatics(1), pharmaceutical 
production of amines, and activation of prodrugs in medical applications. 

In previous studies, nitroreductases have shown to produce the hydroxylamine equivalent of the 
substrate. The instability and carcinogenicity of this product has been a barrier in using this 
enzyme. More recently, a nitroreductase from Salmonella typhimurium has been identified to 
produce the amine compounds from nitro aromatics.(2) 

Through this study we will prove the pathway of product and byproduct formation. With 
thorough understanding of the reaction cascade, optimization of the reaction conditions lead to 
improved amine yields. In addition, we have studied the effect of different substituents for 
potential applications. 

 

 

Figure 1 Pathway of nitrobenzene reduction with nitroreductase 

 

1. Spain, J. C. (1995) Biodegradation of Nitroaromatic Compounds, Annu Rev Microbiol 
49, 523-555. 

2. Yanto, Y., Hall, M., and Bommarius, A. S. (2010) Nitroreductase from Salmonella 
typhimurium: characterization and catalytic activity, Org Biomol Chem 8, 1826-1832. 
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Effect of hydrostatic pressure and temperature on oxidation of 2-hexanol catalysed by 
thermostable S39T secondary alcohol dehydrogenase from Thermoanaerobacter 

ethanolicus!!
Jay M. Patel‡, Robert S. Phillips§‡ !

‡Department of Chemistry and of §Biochemistry and Molecular Biology, University of 
Georgia,  Athens, GA 30602!!

Alcohol dehydrogenases (ADHs) are enzymes that catalyze the reversible reduction of 
carbonyl compounds to their corresponding alcohols. We have been studying a thermostable, 
NADP dependent, secondary ADH from Thermoanaerobacter ethanolicus for some time 
now, and it has been shown that our library of SADH has high tolerance of nonaqueous 
media as well as the ability to accept both natural secondary alcohols and their corresponding 
ketones as substrates with high activities. It has been of great interest to study the effects of 
physical variables such as pressure and temperature on stereospecificity of biocatalytic 
reactions. We have studied the effect of hydrostatic pressure (up to 1360 atm) and 
temperature (293 K-327 K) on the stereospecificity of S39T mutant SADH in oxidation of 2-
hexanol. We are pleased to show that under high pressure conditions, S39T shows about 12 
fold preference for (S)-2-hexanol compared to (R)-2-hexanol; this is substantially higher than 
about 4 fold preference for (S)-2-hexanol observed at room temperature and pressure. This 
direct correlation of stereospecificity with hydrostatic pressure is just a preliminary step in 
enhancing the utility of our library of SADH in synthesis of enantiopure alcohols. !!
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Quantitative Detection of Hydrogen Sulfide in Blood Using a 
Fluorescent Probe 

 
Hanjing Peng,† Yunfeng Cheng,† Chaofeng Dai,† Adrienne L. King,‡ Benjamin L. Predmore,‡ David J. Lefer,‡ and 

Binghe Wang*,† 
†Department of Chemistry, Center for Diagnostics and Therapeutics, and Center for Biotechnology and Drug Design, Georgia 

State University, ‡Department of Surgery, Division of Cardiothoracic Surgery, Emory University School of Medicine, Carlyle Fraser 
Heart Center 

Introduction: 
Hydrogen sulfide (H2S) is a recognized endogenously produced gaseous signaling molecule 

(gasotransmitter). Recent studies indicate that hydrogen sulfide plays a regulatory role in the cardiovascular 
system (CV) by acting as a K-ATP channel opener. It is also a modulator in the central nervous system (CNS), 
respiratory system, gastrointestinal system, and endocrine system. Hydrogen sulfide is also an antioxidant. 
However, the rapid and accurate detection of H2S is a challenging task. Herein, we describe a fluorescent method 
for the rapid and quantitative determination of H2S in biological samples. 

 
Results and Discussion: 
The fluorescence chemoprobe (DNS-Az) is composed of a dansyl fluorophore and an azido group. In DNS-Az 

the fluorescence is quenched. However, when exposed to H2S, dansyl azide is reduced to the corresponding 
sulfonamide, which is strongly fluorescent. The increase in fluorescence is proportional to sulfide concentrations. 
The probe was tested in different solvent systems including phosphate buffer and commercial bovine calf serum. 
Selectivity of the probe was tested using commonly used anions, reductive and nucleophilic amino acids, including 
Cys, Gly and Lys. No interference was observed by these substrates. Sulfide concentration-dependent assays 
were also performed in both cuvettes and 96-well plates. The probe was found to be very sensitive for sulfide with 
a detection limit of 1 ȝM in buffer/Tween and 5 ȝM in bovine serum with a signal-to-noise ratio of 3:1. The linear 
relationship obtained in bovine serum covers the reported endogenous concentration range of hydrogen sulfide. In 
addition, this reaction is fast enough (finishes in seconds in bovine serum) for quantitative detection of H2S despite 
of its low stability. The probe was used in the detection of hydrogen sulfide in mouse blood using the C57BL6/J 
mice model. The result (31.9 ± 9.4 ȝM) was very similar to previously reported serum concentration of H2S. 

 
Conclusions: 
In conclusion, a novel reduction-sensitive fluorescent chemoprobe was developed for hydrogen sulfide. The 

probe was simple in structure and very easy to synthesize and to use. The probe was used for the quantitative 
measurement of H2S in mouse blood. We believe that this selective, efficient and low-cost detection of sulfide will 
be very useful in the booming research field of hydrogen sulfide. 
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Temperature Dependence of Dynamics and Substrate Analog Binding in Nitroreductase 

 

Warintra Pitsawong
 
and Anne-Frances Miller 

Departments of Chemistry University of Kentucky, Lexington, KY, 40506-0055 

 

Bacterial oxygen-insensitive NAD(P)H:nitroaromatic reductase (NR; EC 1.6.99.7) from 

Enterobacter cloacae is a dimeric enzyme in which each subunit carries one flavin 

mononucleotide (FMN). Nitroreductase catalyzes two-electron reduction of nitroaromatic 

compounds to nitroso and, subsequently, to hydroxylamine products.(1) The temperature 

dependence of NR was investigated using 2D 
1
H-

15
N HSQC NMR at 4°C and 32°C. The results 

showed a well-resolved 2D 
1
H-

15
N HSQC NMR spectrum at 32°C, but revealed a much less 

intense spectrum characterized by broader lines at 4°C. Both 2D 
1
H-

15
N HSQC and proton 1D 

NMR spectra suggest that NR undergoes more conformational averaging at 4°C. In addition, the 

2D 
1
H-

15
N HSQC spectrum obtained from N-terminal His-tagged NR was different from non-

His tagged protein at 4 °C, but not at 32 °C indicating that the N-terminal part of NR 

significantly affects the conformational averaging of the protein. Binding of inhibitors had 

previously been shown to increase the contribution of conformational averaging at intermediate 

temperatures.  To explore the converse, the temperature dependence of binding of the inhibitor 

dicoumarol was observed within the temperature range of 4°–37°C. Consistent with increased 

conformational averaging upon inhibitor binding, the low temperature (=dynamic) form 

displayed a higher affinity for inhibitor binding with the Kd value (4°C) of 22 ± 4 µM compared 

with the Kd value of 62 ± 3 µM for the highest temperature (37°C). We hypothesize that the 

conformational averaging involves interactions between the two monomers, rather than within 

them, because far-UV-CD indicates that the low-temperature form retains NR's native secondary 

structure (2).  Based on crystal structures, mutations of the C-terminal residue, C216A and 

ΔC216 should affect the dimeric state of nitroreductase (3). The 2D 
1
H-

15
N HSQC NMR 

spectrum at 32°C of C216A was similar to that of wild-type NR indicating that the thiol group at 

residue C216 does not play a role in the unique structure that persists at 32 °C, but the 4 °C 

spectrum of this mutant was distinct from that of the wild-type, suggesting that this Cys 

nonetheless affects the conformational averaging of the low-temperature state.  

Figures:  

Structure of NR, temp. dependence of dicoumarol binding, NMR spectra at 4 °C and 32 °C. 
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of Flavodoxin  
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Flavoenzymes are ubiquitous proteins involved in diverse biological processes. It is especially 
interesting that although they catalyze a wide variety of reactions, almost all flavoproteins have 
an identical isoalloxazine ring system at the active site. The reactivity of the ring system can be 
tuned by the protein microenvironment around flavin binding site. An integrated computational 
methodology for the interpretation of anisotropic chemical shifts measured by solid-state NMR 
(SSNMR) has been developed to investigate how different flavoproteins cause the same flavin to 
mediate different reactions using flavodoxin (FD) from Desulfovibrio vulgaris as a model. The 
effect of hydrogen bonding at the heteroatoms of the flavin isoalloxazine ring was studied by 
density functional theory (DFT) using B3PW91 and B3LYP functionals with the 6-
311G++(2d,2p) basis set in the gas phase for energy optimization, and frequency calculations 
and GIAO chemical shifts calculations. The calculations revealed a decrease in the isotropic 
chemical shift of N(5) (δiso) of 8 ppm, 10 ppm, and 20 ppm for hydrogen bonding to N(3), N(5), 
and N(3)/N(5), respectively, with no significant change in the isotropic chemical shift (δiso) for 
hydrogen bonding to N(1), O(2), and (O4) of the isoalloxazine ring. Natural bond orbital (NBO) 
calculation was also performed to study the distribution of electron density around N(5) of the 
isoalloxazine ring. The results indicated that the electron distribution at N(5) is markedly altered 
by hydrogen bonding at N(3) and N(5) of flavin ring.   
 

 
Figure 1. Crystal structure of Flavodoxin (PDB: 3FX2) and DFT optimized model with NBO analysis 

used for calculations. 
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Design Protein-based MRI Contrast Agents for the Molecular Imaging of Disease 
Biomarkers with Improved Targeting Capability  
Fan Pu, Jingjuan Qiao, Shenghui Xue, Lixia Wei, Zhi-Ren Liu and Jenny J. Yang (Georgia State University) 
Khan Hekmatyar (University of Georgia) 
 
Introduction 
Many biomarkers such as gastrin releasing peptide receptor 
(GRPR) are overexpressed on the surface of diseased cells. 
Meanwhile, short peptides such as gastrin releasing peptide 
(GRP) have been often used to target these biomarkers to 
image the mobility. This approach is limited by the short 
biological half-life, low binding affinity, low specificity and 
pharmacologic side effects of short peptides. Magnetic 
resonance imaging (MRI) is a useful tool in the disease 
diagnostics because of its non-invasive, three-dimensional 
and high depth penetration properties. ProCA1 is a protein-
based MRI contrast agent designed by our lab which adds a 
Gd3+ binding site on a stable protein (domain 1 of rat CD2) surface. Compared to clinically used MRI 
contrast agents, ProCA1 shows much higher relaxivity. Moreover, it also performs better than Gd-
DTPA on respects of contrast enhancement and blood retention time [1,2,3]. We previously linked 
ProCA1 with GRP, a targeting sequence which specifically binds to GRPR. Tumor enhancement was 
achieved under MRI through intratumoral injection. Here, we show our progress in developing ProCAs 
for the molecular imaging of disease biomarkers with improved targeting capability.  
 
Experimental 
The relaxivity and Gd3+ binding affinity of ProCA1 variants are measured by Bruker Minispec and dye 
competition methods. The MR images were acquired by Varian 7T MRI scanner in UGA. The 
targeting properties of ProCAs to biomarkers were characterized by ELISA, immunofluorescence and 
cell MRI.  
 
Results and discussion 
We optimized the targeting capability of ProCA1 through the modification of targeting peptide. Our 
newly designed ProCA1 shows much stronger binding affinity to GRPR than ProCA1.GRP(52). All 
ProCA1 variants show much higher relaxivity (17-28 mM-1s-1) than clinical contrast agents (3.5 mM-1s-

1). MR images of tumor bearing mice were obtained before and after the injection of ProCA with 
optimized targeting peptide. Tumor with high GRPR expression was significantly enhanced 24hr post 
injection. The enhancement of tumor under MRI was further confirmed by IHC and ICP-OES.  
 
Conclusion 
MRI Molecular imaging of GRPR in cancer were achieved by targeted protein based MRI contrast 
agents. Our results may have strong clinical implications for the cancer diagnosis and therapeutics.  
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Figure 1. Model structure of ProCA1.B14  
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Abstract 
 
Processivity clamps such as proliferating cell nuclear antigen (PCNA) and the 
checkpoint sliding clamp Rad9/Rad1/Hus1 (9-1-1) act as versatile scaffolds in the 
coordinated recruitment of proteins involved in DNA replication, cell-cycle control 
and DNA repair. Association and handoff of DNA-editing enzymes such as flap 
endonuclease 1 (FEN1) with sliding clamps are key processes in biology, which 
are incompletely understood from a mechanistic point of view. We have used an 
integrative computational and experimental approach to define the assemblies of 
FEN1 with double-flap DNA substrates and either PCNA or the checkpoint sliding 
clamp 9-1-1. Fully atomistic models of these two ternary complexes were 
developed and refined through extensive MD simulations to expose their 
conformational dynamics. Clustering analysis revealed the most dominant 
conformations accessible to the complexes. The cluster centroids were 
subsequently used in conjunction with single particle electron microscopy (EM) 
data to obtain a 3-dimensional EM reconstruction of the human 9-1-1/FEN1/DNA 
assembly at 18 Å resolution. Comparing the structures of the complexes revealed 
key differences in the orientation and interactions of FEN1 and double-flap DNA 
with the two clamps that are consistent with their respective functions in 
providing inherent flexibility for lagging strand DNA replication or inherent 
stability for DNA repair. 
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INTRODUCTION   
Human plasminogen activator inhibitor-1 (PAI-1) is a highly regulated serine protease inhibitor (serpin) in the bloodstream 

and extracellular matrix due to its multifaceted functions, playing anti-fibrinolytic, proinflammatory, and/or proadhesive roles 

under different physiological settings. Accordingly, the dysregulation of the latter is linked to various pathological conditions, 

including tumor metastasis and cardiovascular disease.  PAI-1 possesses a disordered loop that contains a substrate mimic 

and functions as a reactive center (RCL) in protease inhibition. PAI-1 activity is regulated by several factors, including ligands 

such as the promiscuous tissue-associated glycoprotein vitronectin (VN) and certain divalent metals (Ni2+, Cu2+, Co2+). The 

former stabilizes PAI-1 in its loop-exposed active conformation, while the latter affects PAI-1 stability in a VN-dependent 

fashion, with a significant destabilization and marked stabilization of PAI-1 in its absence and presence, respectively.2 

Additionally, due to its role in pathogenesis, PAI-1 has been targeted by various small molecule inhibitors, including TM52754 

and NPLC2373, but the mechanism by which these drugs work is poorly understood.  Importantly, the effect of these ligands 

on the RCL is currently unknown. Our hypothesis is that these ligands regulate the activity of PAI-1 by affecting the 
conformation and dynamics of RCL. 

 

EXPERIMENTAL 
To test the above hypothesis, single cysteine mutants were engineered along the length of the RCL in order to be labeled with 

environmentally-sensitive fluorescent and paramagnetic probes: NBD and MTSL, respectively. The RCL-labeled PAI-1 were 

subsequently analyzed by fluorescence and electron paramagnetic resonance (EPR) in the presence the mentioned ligands to 

detect any changes in conformation based on solvent exposure and loop mobility, respectively. In addition, homology models 

of PAI-1 RCL were constructed using Molecular Operating Environment (MOE) for comparison to results obtained from the 

biophysical studies.  

 
RESULTS & CONCLUSION   
Fluorescence experiments indicate that VN binding affects the RCL in important regions, including the gate and hinge regions 

flanking the loop, and indicate a role for VN in the stability of the β strand s1C in the C-terminal portion of the loop. Binding of 

nickel leads to overall greater solvent exposure of the RCL, which is modified by VN binding in a site-specific manner. In 

general, VN binding reduces the exposure of the RCL near the hinge region and enhances its exposure in the gate region in 

presence of nickel. Using nickel and EDTA as a paramagnetic broadening agent, EPR experiments reveal solvent accessibility of 

the RCL similar to that is observed by fluorescence, while addition of VN seems to affect s1C the most, although small changes 

may be present in other regions.  As evidenced by these studies, VN and metal binding results in different degrees of solvent 

exposure and loop mobility, indicating that these ligands elicit different RCL conformations. Interestingly, the computational 

studies of the energy-minimized wild-type-like structure revealed three homology models of the RCL, which also show 

differences in solvent accessibility. These results provide insight into the stabilizing effect of VN on metal destabilization, as 

the addition of both ligands induces a unique conformation in the loop.  
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Using the Degree of Curvature in Proton Inventories of the Kinetic 
Parameters for the Two-Component Alkanesulfonate Monooxygenase System 

to Determine Commitments to Catalysis  

Isotope effects are valuable tools for the evaluation of kinetic mechanisms associated 
with enzyme-catalyzed reactions. The proton inventory technique, in particular, is applied to 
enzyme systems that exhibit measurable solvent isotope effects in order to identify the number of 
protons involved in the chemistry of enzymatic reactions involving acid-base catalysis.1 The 
two-component flavin-dependent alkanesulfonate monooxygenase enzyme (SsuD) has been 
proposed to promote the oxygenolytic cleavage of a carbon-sulfur bond from sulfonated 
substrates to yield free FMN, aldehyde, and metabolically available sulfite via acid-base 
catalysis. As a result, isotope effect studies were considered for SsuD in an effort to further 
resolve key steps involved in the proposed catalytic mechanism.2   

The catalytic mechanism for SsuD was evaluated using several different kinetic 
approaches including steady-state pH dependence studies, solvent deuterium and substrate 
deuterium kinetic isotope effects, temperature dependent studies, and single turnover kinetics. 
The pH dependence of kcat indicated SsuD requires a group with a pKa of 6.6 ± 0.1 to be 
deprotonated and a second group with a pKa of 9.5 ± 0.1 to be protonated for catalysis, while the 
pH dependence of kcat/Km indicated SsuD requires a single group with a pKa of 6.9 ± 0.1 to be 
deprotonated in order for the reaction to commit through the first irreversible step. Each 
observed isotope effect on the kcat and kcat/Km kinetic parameter was determined by analysis of 
the pH dependences of the solvent deuterium and substrate deuterium isotope effects, the later 
obtained in both H2O and D2O.  Labeled and unlabeled substrate yielded a solvent isotope effect 
on kcat of 0.76 ± 0.04 and 2.4 ± 0.2, respectively. The observed substrate isotope effect on kcat in 
H2O was 3.0 ± 0.3. Each isotope effect on kcat/Km was within an experimental error of one 
indicating product release to be the rate-limiting step. This result was reinforced by proton 
inventories exhibiting dome-shaped curves indicating large commitments to catalysis. Results 
from single-turnover experiments show increased stability of the C4a-(hydro)peroxyflavin 
intermediate in D2O, but that the overall rate of flavin oxidation by SsuD monitored at 370 and 
450 nm was not altered in the deuterated solvent. The deuterated substrate failed to stabilize the 
C4a-(hydro)peroxyflavin intermediate under single-turnover conditions. These combined results 
have identified key chemical steps of the proposed catalytic mechanism by enabling the 
quantification of the intrinsic isotope effects for the reaction as well as the commitments factors 
governing catalysis.  
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Role of the hydrophobic cluster in the hydride transfer reaction catalyzed by choline 
oxidase 
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Choline oxidase (EC 1.1.3.17, choline-oxygen 1-reductase) catalyzes the oxidation of choline 
to glycine betaine (N,N,N-trimethylglycine) via two subsequent hydride ion transfer reactions 
from the alcohol substrate and an enzyme-bound aldehyde intermediate to a flavin cofactor.  
From previous studies the limiting steps for the overall turnover of the enzyme are the two 
oxidative steps (1). In the X-ray crystal structure of the resting state of choline oxidase the active 
site is adjacent to a loop and directly underneath a cluster of hydrophobic residues (Met62, 
Leu65, Val355, Phe357, and Met359). The movement of the loop in a time scale faster than 
millisecond seems very unlikely, and molecular dynamics simulations have shown indeed very 
limited movement. In contrast, a stochastic gating mechanism for substrate access controlled by 
hydrophobic interactions of the cluster of hydrophobic residues has been proposed (2). 

 
In this study, we have prepared mutant enzymes in which the pairs M62/F357 and L65/M359 

and all the four residues of the hydrophobic cluster are substituted with alanine to investigate the 
effect of these substitutions on the enzymatic activity. Preliminary data of the kinetic 
characterization of the mutant enzyme M62A/F357A will be presented. 

This study is supported in part by NSF MCB-1121695. 
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Reductase 
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Ribonucleotide reductases (RNR) catalze the conversion of ribonucleotides to 
deoxyribonucleotides, using two subunits, R1 and R2.  Class I RNRs utilize a diferric 
cluster/tyrosyl radical cofactor in the R2 subunit to initiate radical chemistry on the 
substrate bound in the R1 subunit.  In the eighties, a manganese containing RNR was 
isolated from C. ammoniagenes and was proposed to be a fourth class of RNRs, a finding 
that remained controversial when the gene sequence established the C. ammoniagenes 
enzyme to be a Class Ib RNR capable of binding Fe.  Recently, the Stubbe lab established 
that the cofactor of B. subtilis and E. coli Class Ib enzyme required an additional protein, 
nrdI, to activate a manganese cofactor in this class of enzyme.  The flavodoxin nrdI 
utilizes FMN to facilitate assembly of a Mn(III)2-tyrosyl radical cofactor.1  We report 
here our efforts to express a functional R2-nrdI complex from C. ammoniagenes, 
overexpressed in E. coli.  In addition, we report initial X-ray absorption spectra of the 
oxidized and reduced R2 subunit of the B. subtilis Class Ib enzyme.   
 

1Cotruvo, JA, Stubbe, J. Annu Rev Biochem. 2011, 80:733-67. 
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The flavin-dependent N-hydroxylase Aspergillus fumigatus Siderophore A (AfSidA) 
catalyzes the NADPH and oxygen dependent hydroxylation of L-ornithine at the delta-amino 
group to form N5-hydroxyornithine. In this reaction, NADP+ remains bound throughout the 
catalytic cycle and is essential for formation and stability of the C4a-hydroperoxyflavin 
intermediate. Crystallographic data suggests that S257 and S325 are involved in hydrogen 
bonding with phosphate groups on NADP(H). In order to determine the importance of coenzyme 
bonding in these residues, each was mutated to alanine. S257 is part of the highly conserved 
GSGQS motif in AfSidA, and it appears that this residue interacts with the 5� phosphate on 
NADPH.  Interestingly, the S257A mutant showed an increase in O2 consumption; however this 
mutant also showed a decrease in product formation when compared to wild type. This profile is 
indicative of uncoupling in the reaction leading to production of H2O2. This observation lead us 
to hypothesize that this residue is involved in stabilizing NADP+, allowing it to subsequently 
stabilize the C4a-hydroperoxyflavin intermediate. Rapid reaction kinetics confirmed that the 
C4a-hydroperoxyflavin intermediate is unstable in the S257A mutant. The residue S325 
hydrogen bonds with the 2� phosphate of the ribose ring.  Similar to S257A, the S325A mutant 
shows uncoupling for O2 consumption with NADPH, indicating a similar role to that of S257. As 
expected, this mutant has no measurable difference with NADH as the coenzyme when 
compared to WT. Discussion of the role of amino acid residues and coenzyme in the stabilization 
of oxygenated flavin intermediates in presented.  

 

 
 
Figure 1: Active site of AfSidA with NADP+ and ornithine bound. The dash lines represent predicted hydrogen 
bonding interactions between S257 and S325 with the respective phosphate groups. Nitrogen atoms are in blue, 
oxygen atoms are in red, and phosphorous atoms are in orange.  
 

This research was funded by a grant from NSF (MCB-1021384). 
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NifEN protein: Role as a Molybdate Reductase in Biosynthesis of the Iron-Molybdenum 
Cofactor 

Namrata Singh and Robert Y. Igarashi* 
Department of Chemistry, University of Central Florida, Orlando, FL 32816  

 
Nitrogenase performs biological nitrogen fixation by reducing nitrogen to ammonia. The 

MoFe protein component of nitrogenase contains the iron-molybdenum cofactor (Fe7MoS9C-(R)-
homocitrate) which is essential for catalysis. The biosynthesis of FeMo-co is complex and 
involves several proteins and their activities of NifU, NifS, NifB, NifX, NifEN and NafY. NifB 
synthesizes the NifB-co precursor, a low molecular weight 6-Fe complex. Then the NifEN 
enzyme performs a critical function of using the 6-Fe NifB-co precursor as a substrate and likely 
incorporates additional Fe, S, Mo and (R)-homocitrate. Though this process has been 
investigated for nearly a decade, the mechanistic understanding of the biochemical process is 
nebulous. Molybdenum is provided to NifEN as Mo(VI)O4

2-, however in the FeMo-cofactor it 
exists in a formal oxidation state of Mo(IV). This study shows that the molybdate reduction is 
performed by NifEN with the identification and characterization of novel MoO4

2- dependent EPR 
signal (g = 2.00). We assign this signal to the reduction of Mo(VI) to Mo(V), resulting in an d1 
spin system, and to a species that remains protein bound. The MoO4

2- dependent EPR signal 
behaves as an isotropic species and has a temperature and power profile that is distinct from the 
EPR signals FeS cluster(s) on NifEN. The formation of the MoO4

2- dependent signal requires 
ATP dependent turnover of the nitrogenase Fe protein and can be inhibited in presence of 
tungstate (WO4

2-).  
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Testing Structural and Computational Models of Enzymes Active Sites through Chemical 
Modifications: Metal Ion Interactions in the Full Hammerhead Ribozyme 
 

Thomas Struble and Marcello Forconi 
Department of Chemistry and Biochemistry, College of Charleston, Charleston SC 29424 

  
 
Synergy between functional tests, structural determinations and computation is emerging 

as a requirement for a deep understanding of biological systems. In particular, recent advances in 
molecular dynamics have provided the basis for the development of a rigorous treatment of the 
solvent structure, the hydrogen-bond networks, and the metal ions interactions in the active sites 
of many enzymes. With the aid of structural data derived from a plethora of high-resolution 
structures, we have now a formidable opportunity to feed the above mentioned synergy with 
functional tests carefully planned to validate and refine models derived from computational and 
structural work.  

Recent computational and structural work on the full version of the hammerhead 
ribozyme put forward novel models for the catalytic mechanism of this RNA enzyme. In one of 
these models a metal ion involved in catalysis is ligated to N7 atom of residue G10.1 in the 
ground state of the reaction, but loses this coordination in the transition state. Thus, the contact 
between the metal ion and the N7 would be anticatalytic, and a ribozyme modified so that such 
ground state contact is disrupted would be predicted to display enhanced activity relative to the 
unmodified ribozyme. To test this model, we have constructed a variant of the hammerhead 
ribozyme containing a CH group in place of the N7 of G10.1, and we have measured its 
reactivity using single-turnover kinetics at different Mg2+ concentrations.  Our preliminary 
results suggest that the contact between the N7 atom of residue G10.1 and the active site metal 
ion is maintained in the transition state of the reaction of the full-length hammerhead ribozyme.  
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The apicomplexan kinome: Characterizating the protein kinase superfamily in the malaria 

parasite and its evolutionary relatives

Eric Talevich‡, Amar Mirza# and Natarajan Kannan‡#

‡Institute of Bioinformatics and #Department of Biochemistry, University of Georgia, Athens, GA 30602

The parasitic protozoans that constitute the taxonomic group Apicomplexa cause a 

number of devastating human and veterinary diseases, including malaria and cryptosporidiosis. 

Protein kinase inhibitors, a class of drugs that have proven remarkably effective in cancer, can be 

the basis of new safe and specific treatments for these otherwise largely neglected diseases. We 

therefore seek to identify and understand the distinctive, conserved functional features of 

apicomplexan protein kinases which can serve as specific targets for therapeutic inhibition.

We have perfomed an in silico characterization of the eukaryotic protein kinase 

superfamily in in 15 apicomplexan species in order to identify the unique protein subfamilies and 

novel structural features that distinguish the kinases of apicomplexan parasites from those of 

their hosts. We then constructed and analyzed structural models to propose specific mechanisms 

of activation and substrate binding for members of the identified cyclin-dependent kinase 

(CDK), calcium-dependent protein kinase (CDPK) and CLK/LAMMER subfamilies. The 

comparative methods we used to pinpoint sites of lineage-specific functional divergence may be 

of interest to a broader audience, as well.

Recent studies by other groups have since obtained experimental support for some of our 

findings, including a independent phosphoproteomic survey of Plasmodium falciparum and 

Toxoplasma gondii which observed phosphorylation of members of our proposed CDK and 

CDPK subfamilies in at the sites we predicted, supporting our proposed mechanism. Our 

published results are additionally accessible through the EuPathDB pathogen databases.

1. Talevich, E., Mirza, A. and Kannan, N. (2011) Structural and evolutionary divergence of 

eukaryotic protein kinases in Apicomplexa, BMC Evolutionary Biology, 11(1):321.
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High throughput screening for inhibitors of Aspergillus fumigatus siderophore A 

Karishma Tolani1,2, Karina Kizjakina1,2, Nancy Vogelaar1,2, and Pablo Sobrado1,2,3 
1Department of Biochemistry, 2Enzyme Research and Drug Discovery Laboratory, 3Fralin Life Science 

Institute, Virginia Tech, Blacksburg, VA 24061 
 

 
Aspergillus fumigatus (A. fumigatus) is a human pathogenic saprotrophic fungus that is 

typically found in soil and decaying organic matter. Infection by A. fumigatus is a significant 
health problem to immunocompromised individuals, such as patients in intensive care units, 
organ transplant recipients, and AIDS victims. A. fumigatus siderophore A (Af SidA) is a flavin-
dependent monooxygenase that catalyzes the NADPH and oxygen dependent hydroxylation of 
ornithine to N5-hydroxyornithine in the biosynthesis of siderophores. Af SidA is essential for 
pathogenesis, and therefore a potential drug target. Previously, our group developed a 
chromophore that mimics the NADPH substrate of Af SidA (1). It consists of the ADP portion of 
NADPH linked to the fluorescent molecule, TAMRA. This chromophore was shown to bind at 
the active site of the enzyme with a Kd value of 2.1 ± 0.2 µM. This chromophore was used to 
develop a fluorescence polarization-binding assay, which was optimized for high throughput 
screening of potential inhibitors of Af SidA. Here, we present the results of screening a library 
consisting of 2320 small molecule compounds (Figure 1). 

 

 

Figure 1. Sample of the results from the screening of small molecule library for ligands of Af SidA. 

1) Qi, J., Kizjakina K., Robinson, R., Tolani, K., Sobrado, P. (2012) A fluorescence polarization 
binding assay to identify inhibitors of flavin dependent monooxygenases. Analytical 
Biochemistry. doi:10.1016/j.ab.2012.03.002�

 
This research was funded by a grant from NSF (MCB-1021384). KT is a fellow of the 

VT-Scieneering program supported by the Howard Hughes Medical Institute. 
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The Role of S101 in Quantum Mechanical Hydride Tunneling in Choline Oxidase 

Rizvan Uluisik‡ and Giovanni Gadda‡,§,A 

Departments of ‡Chemistry and §Biology and Athe Center for Biotechnology and Drug Design, Georgia State 
University, Atlanta, Georgia 30302-4098 

Choline oxidase catalyzes the oxidation of choline to glycine betaine. The reaction includes 
betaine aldehyde as an intermediate. FAD is reduced by the alcohol substrate and oxidized by 
molecular oxygen to give hydrogen peroxide. Previous studies have revealed the mechanistic, 
biochemical and structural details of the oxidation of choline by the enzyme (1). The reaction 
starts with the enzyme-catalyzed deprotonation of the hydroxyl group of the alcohol substrate 
yielding an alkoxide species. Through electrostatic and hydrogen bonding interactions with a 
number of active site residues, the alkoxide species positions optimally for the hydride transfer 
from the Į-carbon of the substrate to the flavin N(5) atom (2). The hydride transfer reaction 
occurs quantum mechanically within a preorganized enzyme-substrate complex, as previously 
established by temperature effects of the kinetic isotope effects (3). Previous studies showed that 
the hydrophilic nature of the side chain of Ser101, which locates less than 4 Å from the flavin 
N(5) atom, is required for fast hydride transfer by stabilizing the alkoxide substrate species with 
hydrogen bonding (4). 

     In this study, the Ser101Ala and the Ser101Thr variants of choline oxidase were prepared to 
elucidate the contribution of the hydroxyl group of Ser101 in the hydride tunneling mechanism 
for proper preorganization and reorganization towards quantum mechanical tunneling. The 
thermodynamic parameters associated with the enzyme-catalyzed cleavages of the OH and CH 
bonds and the temperature dependence of the associated solvent and substrate kinetic isotope 
effects have been investigated using a stopped-flow spectrophotometer in the pL-independent 
region. The results demonstrate the relevance of Ser101 in the quantum mechanical tunneling 
reaction catalyzed by choline oxidase. 

This study was supported in part by grant NSF-CAREER MCB 0545712 and NSF MCB-1121695 (G.G.). 

References 
1. Gadda, G. (2008) Hydride transfer made easy in the reaction of alcohol oxidation catalyzed 

by flavin-dependent oxidases, Biochemistry 47, 13745-13753. 
2. Fan, F., and Gadda, G. (2005) On the catalytic mechanism of choline oxidase, J Am Chem 

Soc 127, 2067-2074. 
3. Fan, F., and Gadda, G. (2005) Oxygen- and temperature-dependent kinetic isotope effects in 

choline oxidase: correlating reversible hydride transfer with environmentally enhanced 
tunneling, J Am Chem Soc 127, 17954-17961. 

4. Yuan, H., and Gadda, G. (2011) Importance of a serine proximal to the C(4a) and N(5) flavin 
atoms for hydride transfer in choline oxidase, Biochemistry 50, 770–779. 
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The role of Glutamine 146 in the thermal stability and metallation of 

manganese superoxide dismutase (MnSOD) 

Ting Wang and Anne-Frances Miller  
Department of Chemistry, University of Kentucky, Lexington, KY, 40506 

 
We are using Mn-specific superoxide dismutase (MnSOD) as a model system 

to investigate metal acquisition associated with metallo-enzyme maturation. In 
clarifying the mechanism of metal incorporation into MnSOD we have discovered 
an unanticipated role for the highly conserved Gln146. Based on circular 
dichroism-monitored melting curves in the presence of 0.8 M guanidinium 
hydrochloride (GuHCl), we found that the thermal stability of MnSOD was 
increased by 25 °C upon mutation of Gln146 to Glu comparing with apo-(Mn)SOD, 
with Q146E-(Mn)SOD displaying a midpoint temperature of unfolding (Tm) of 
90 °C. Melting curves and native gel electrophoresis after incubation at elevated 
temperature in the presence of Mn2+ suggested that partially unfolded 
apo-(Mn)SOD could acquire of Mn2+ although protein at 4 °C does not. Native gel 
electrophoresis, fluorescence polarization (FP) and dynamic light scattering (DLS) 
indicated that the Q146E mutation alters to the overall protein structure causing the 
protein to become mostly monomeric. Metal binding by MnSOD is related to the 
hydrogen-bond network of the active site within each monomer that is likely 
disrupted by the replacement of Gln 146 with Glu. Planned next steps include 
optimization of Mn2+ binding to WT apo-(Mn)SOD, assessment of Mn2+ and Fe2+ 
binding to Q146E-(Mn)SOD under the same conditions, and characterization of the 
activity of Q146E-SOD reconstituted with each of Mn or Fe. 
�

Supported by NIH Grant R01GM085302. 
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The participation of conserved I’-helix in structure, stability, and catalytic function 

of KatG  

Yu Wang and Douglas C. Goodwin 
Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama 36849-5312 

 

Catalase-peroxidases (KatGs) have two peroxidase-like domains. The N-terminal domain 

contains the heme-dependent, bifunctional active site. However, the C-terminal domain 

lacks the ability to bind heme or directly catalyze any reaction. The crystal structures of 

KatGs indicate that C-terminal domain may serve as a platform to direct the folding of 

the N-terminal domain. Toward such a purpose, the I’-helix is highly conserved and 

appears at the interface between the two domains. Single and multiple substitution 

variants targeting highly conserved residues of the I’-helix were generated for intact 

KatG and the stand-alone C-terminal domain (KatG
C
). Single variants of intact KatG 

produced only subtle variations in spectroscopic and catalytic properties of the enzyme. 

However, the double and quadruple variants showed substantial increase in hexa-

coordinate low-spin heme and diminished enzyme activity, similar to (but not as 

extensive as) that observed with N-terminal domain on its own (KatG
N
).  The analogous 

variants of KatG
C
 showed a much more profound loss of function as evaluated by their 

ability to return KatG
N
 to its active conformation.  All of the single variants showed a 

substantial decrease in the rate and extent of KatG
N
 reactivation, but with two 

substitutions, KatG
C
 completely lost its capacity for reactivation of KatG

N
. These results 

suggest that the I’-helix is central to direct structural adjustments in the adjacent N-

terminal domain and supports the hypothesis that this structure serves as a platform to 

direct N-terminal domain conformation and bifunctionality. 
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Biosynthesis of azasugars: functional identification of GutB1 the alcohol dehydrogenase 
involved in production of mannojirimycin. 

Yanbin Wu and Nicole Horenstein. 
Department of Chemistry, University of Florida.  Gainesville, FL 32611-7200. 

 
The soil bacterium B. amyloliquefaciens produces the glycosidase inhibitor 1-

deoxynojirimycin (DNJ), a nitrogen in the ring analog of glucose.  A cluster of three genes, 
gabT1, yktC1, and gutB1 have been identified to be part of the DNJ biosynthetic pathway.(1)  
The gutB1 gene is a member of the NAD+(NADP+) Zn-dependent alcohol dehydrogenase family.  
We propose it is responsible for oxidizing the 6-hydroxyl group of 2-amino-2-deoxy-
mannitol(2AM) to produce mannojirimycin. The gutB1 gene was codon optimized for E. coli, 
and then cloned into pET30a downstream of an N-terminal His6-tag.  The enzyme was expressed 
in BL21(DE3).  After purification on IMAC (Ni) resin, we obtained 7.0 mg of GutB1 from 1 l of 
culture.  While ongoing work is aimed at optimizing cleavage of the His-tag, we have 
characterized the His-tag enzyme via spectrophotometric assay.  The enzyme prefers NAD+ over 
NADP+, and has an alkaline pH optimum.  Substrate specificity studies indicate that sorbitol and 
fructose were not substrates, whereas very low activity was observed with mannitol.  The 
preferred substrate is 2AM, as predicted from our proposed pathway.  This suggests a preference 
for polyols bearing an amino group.  The initial kinetic characterization of this enzyme revealed  
kcat = 3 hr-1, KmNAD+ = 110±50 PM, and Km2AM = 6±1 mM.  Ongoing work includes structural 
studies aimed at determining the basis for catalytic activity and substrate specificity.  This work 
was supported by NSF grant MCB1020940. 

 
 
1. Clark, L.F.; Johnson, J.V.; Horenstein, N.A. (2011) “Identification of a gene cluster that 

initiates azasugar biosynthesis in Bacillus amyloliquefaciens.” Chembiochem. 12, 2147-
2150. 
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Single fluorescent protein based enzyme sensor for caspase activity in living cells 

Shenghui Xue, Ning Chen, Yun Huang, and Jenny J.  Yang 

Department of Chemistry and Biology, Georgia State University, Atlanta, GA 30303, USA 

 

Intracellular apoptotic signals regulated by caspase-cascade systems are closely 

associated with human diseases such as cancer and neurodegenerative diseases. 

Monitoring the activation and inhibition of caspase 3 and other caspases with 

fluorescence spectrum changes in living cells is essential for further understanding these 

processes. Here, we report progress in the development of caspase sensors based on a 

single fluorescent protein. These developed sensors exhibit strong enzymatic selectivity 

as well as high sensitivity based on observed ratiometric fluorescence changes. 

Additionally, our sensors can be targeted to different subcellular locations, such as the 

ER and mitochondria. We have further applied these sensors to monitor caspase-

dependant apoptosis in different cells. Our results indicate that different inducers and 

drugs have diversified effects on triggering cell death pathways. 
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The Active Site Lysine Autoacetylation Regulates Tip60 Catalysis 

Chao Yang, Jiang Wu, Wei Li, Yujun George Zheng* 

Departments of Chemistry, Georgia State University, Atlanta, Georgia, 30303, USA  

The 60-kDa HIV-Tat interactive protein (Tip60) is a key member of the MYST family 
of histone acetyltransferases (HATs) that plays critical roles in multiple cellular processes, 
such as gene transcription, DNA damage repair, cell cycle and apoptosis. HATs catalyze 
the addition of acetyl group in histone and non-histone proteins in the presence of another 
substrate acetyl CoA (Scheme 1). 
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Scheme 1. Acetylation of Lysine catalyzed by HATs. 

We report here that Tip60 undergoes autoacetylation at several lysine residues, 
including a key lysine residue (i.e. K327) in the active site of the MYST domain. It is 
found that K327 upregulates but is dispensable for the cognate enzymatic activity of 
Tip60. The mutation of K327 to arginine led to loss of both the autoacetylation activity 
and the HAT activity of Tip60. Interestingly, deacetylated Tip60 still kept a substantial 
degree of HAT activity. We also investigated the effect of cysteine 369 and glutamate 
403 in Tip60 autoacetylation in order to understand the molecular pathway of the 
autoacetylation at K327. Cysteine 369 to Ala or Ser decreased but not abrogated the 
autoacetylation and H4 acetylation activities of Tip60, highlighting that the sulfhydryl 
group on C369 is important, but is not obligatory for Tip60 activity. Since acetylation at 
this key residue appears to be evolutionarily conserved amongst all MYST proteins, our 
findings provide an interesting insight into the regulatory mechanism of MYST activities. 
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RNA Production Utilizing T7 Polymerase: Removing the 
Mystery of the “Black Box” 

Alexander M. Spring, Jin Zhang, and Markus W. Germann 
Department of Chemistry, Georgia State University 

 
Small scale RNA production needs of relatively short sequences can often be met via the 

use of vendor supplied pre-prepared reaction kits.  This technique can result in satisfactory yields 

when the needs are limited and the variety of different RNA transcriptions is kept to a 

minimum.  Although   the   reaction   kits   are   “fine-tuned”   for   certain   types   of   transcriptions,   the  

components of the kit are typically safeguarded by the supplier and as a result are not easily 

modified for enhancement of specific reactions.  Further, when needs go from small scale to 

large scale the kits quickly become cost prohibitive.  In house production of T7 polymerase and 

optimization of reaction conditions can open the door to large scale and ongoing RNA 

production.  Our efforts in the expression of T7 polymerase and optimization of the resulting 

RNA transcription reactions have shown that the process can be efficiently carried out with 

relatively high RNA reaction yields and small overall turnaround times. 
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Application and design of the red fluorescent calcium binding proteins with fast kinetics 

You Zhuo, Shen Tang, Yusheng Jiang, Florence Reddish, Chen Zhang, Andrea Pennati, Giovanni Gadda, Jenny J. 
Yang 

Departments of Chemistry, Georgia State University, Atlanta, GA 30302-4098 
 
Transient change of cytosolic calcium levels leads to physiological actions, which are 

modulated by the intracellular calcium store, as well as membrane calcium channels and 
vesicles/endosome. To probe calcium responses in such high calcium environments, there is a 
pressing need to develop red calcium sensors with fast kinetic properties and pH-independent 
fluorescence change. In this study, we first report our development of fast red calcium binding 
protein with fast kinetics using our protein design strategies. We investigated the optical 
properties and the capabilities of calcium binding using various spectroscopic methods. The pH 
stability of the red sensors was dramatically enhanced, with pKa below 5, compared to the GFP-
derived calcium sensors. Our results show the designed proteins are able to bind calcium and 
further induce local conformational change which in turn increases the quantum yield. As 
expected, the calcium association and dissociation rates are fast and the precise values of both 
rates can not be obtained due to the limitation of the stopped-flow spectroscopy. By targeting 
these calcium binding Fluorescent Proteins (FPs) to the endoplasmic reticulum (ER), some are in 
turn able to monitor [Ca2+]ER release in several cell lines responding to perturbations of 
extracellular calcium signaling. 

 

88



Functional Characterization of SdsA1, an Alkylsulfatase from Pseudomonas 
Aeruginosa 

 

Avery Zierk, James Holt, and Marcello Forconi 
Department of Chemistry and Biochemistry, College of Charleston, Charleston SC 29424 

  
 
SdsA1 is a 72-kDa protein used by the pathogenic bacteria Pseudomonas 

aeruginosa to hydrolyze sodium dodecyl sulfate (SDS), a common surfactant used in 
soap and detergents that fights bacteria and other microorganisms by disrupting the 
interactions that hold the cells membrane together. To date, the information about this 
enzyme is basically limited to its crystal structure, published in 2006, which proposed a 
reaction mechanism and a set of interactions important for catalysis. However, there is 
no functional data to support these proposals.  

We have undertaken a comprehensive study to understand the mechanism of 
catalysis by this enzyme. To date, we have expressed and purified SdsA1, and tested for 
sulfatase activity using a dye-based assay. Here, we will discuss the set of experiments 
that will allow us to distinguish between different mechanisms, to determine and assess 
the importance of individual active site interactions in catalysis. 

Our work will provide important information regarding an enzyme used by a 
pathogenic bacteria, and will also have implication for a system biology approach 
aimed at engineering microorganisms for the bioremediation of SDS-contaminated 
sites. Further, future comparison between the catalytic strategies used by SdsA1 and 
other enzymes belonging to the same protein superfamily of SdsA1, the metallo-beta-
lactamase superfamily, will elucidate factors that contribute to the evolution of new 
substrate specificities using a common three-dimensional scaffold. 
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