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ABSTRACT 

 

Iron-sulfur proteins are an important class of electron transfer proteins found universally 

in living organisms, serving vital roles in the electron transport chains of cellular energy 

utilization. Determining the molecular basis of electron transfer properties of these proteins is 

important in understanding how they promote fast and efficient energy flow in the cell.  

The reduction potential of an electron transfer protein is one of its most important 

properties since its sign and magnitude affects the direction and rate of electron transfer between 

redox sites. Homologous iron-sulfur proteins with the same redox site exhibit a broad range of 

reduction potentials, and thus serve as ideal models for unraveling how the protein tunes the 

reduction potential of its redox site. Here, the determinants responsible for the high reduction 

potential of rubredoxin-like domain of rubrerythrin relative to rubredoxin were identified using a 

bioinformatic sequence/electrostatic structure analysis and molecular dynamics simulations. In 

addition, the biologically relevant dimer of rubrerythrin was identified as the dimer with a 

calculated reduction potential in good agreement with experiment using a combination of a 

quantum mechanical calculation of the redox site and a Poisson-Boltzmann calculation of the 

interaction between the redox site and the surrounding environment. This approach is being 
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FIGURES 

Figure 2.1 A ribbon diagram depicting the Dv (1LKM) rubrerythrin homodimer in blue, with the 

metal atoms for the diiron site and the Fe(S)4 site shown as gray van der Waals spheres. 
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Figure 2.2 Superposition of the DvRr in oxidized (1LKM) and reduced (1LKO) states (blue and 

ice blue) and CpRd in oxidized (1FHH) and reduced (1FHM) states (red and pink) near the 

Fe(S)4 metal center (white and yellow), aligned on the Fe(S)4 center. 
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Figure 2.3 A licorice model depicting the backbone and side chain relation interaction with the 

Fe(S)4 center (white and yellow) of the average MD structures of a) the oxidized and reduced 

V8N CpRd (green and cyan), and the oxidized and reduced wt CpRd (red and pink) and b) the 

oxidized and reduced V44H CpRd (blue and ice blue), and the oxidized and reduced wt CpRd 

(red and pink).  Also shown is the DvRr (1LKM) crystal structure (ochre).  The alignment is 

based on the Fe(S)4 center. 
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APPENDIX A 

Figure A1 Histograms of the amino acid types found at residues a) 8, b) 41, and c) 44 for 

rubrerythrin (blue) and rubredoxin (red). 
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Figure A2 Histograms of the populations of the χ2 dihedral angle of a) Asn for the oxidized (blue 

line) and reduced (ice blue line) V8N CpRd simulations and for the oxidized (red line) and 

reduced (pink line) triple mutant simulations and b) His for the oxidized (blue line) and reduced 

(ice blue line) V44H CpRd simulations and for the oxidized (red line) and reduced (pink line) 

triple mutant simulations. The black arrows indicate the χ2 dihedral angle of Asn and His of 

about 60° and 57° in DvRr (1LKM/1LKO) crystal structures, respectively.  
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