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Iron-sulfur Cluster Function in Escherichia Coli Sulfite Reductase
Cepeda, M.R.; Stroupe, M.E. (FSU, Biological Science) and Krzystek, J. (NHMFL)

Introduction

The central step in the reductive assimilation of sulfur is a six-electron reduction of sulfite (SO32-) to sulfide (S2-), catalyzed by the oxidoreductase NADPH-dependent assimilatory sulfite reductase (SiR, E. C. 1.8.1.2) [1]. In γ-proteobacteria like Escherichia coli, SiR is an oligomeric, 800 kDa enzyme composed of four copies of a metalloenzyme oxidase called the hemoprotein (SiRHP) and eight copies of a flavin-binding reductase called the flavoprotein (SiRFP) [2]. SiRHP uses a Fe4S4 cluster covalently bound through one of its cysteine ligands to the iron of an iron-containing tetrapyrrole called siroheme [2]. SiRFP is a cytochrome p450 oxidoreductase (CYPOR) homolog that harnesses electrons from a nicotinamide adenine dinucleotide phosphate (NADPH) cofactor, channeling them through a flavin adenine dinucleotide (FAD) cofactor and a flavin mononucleotide (FMN) cofactor before passing them to SiRHP [2]. SiRHP has unique EPR properties from its high spin siroheme iron and, when reduced, Fe4S4 cluster. We are interested in understanding the chemical environment that defines this unique multi-iron active site, creating the proper geometry and redox environment that tune the reactivity of the six electron reduction powered by the reductive power of the SiRFP cofactors.
Experimental


We are currently exploring the properties of a set of SiRHP variants that are second-shell ligands to the Fe4S4 cluster (F437, M444, and T477). We specifically hypothesize that these second-shell ligands tune the redox properties of the coupled metallic cofactors by influencing the solvent accessibility of the cluster (F437 and M44) or through a direct hydrogen bond to a sulfur of the Fe4S4 cluster (T477A). We are testing this hypothesis by measuring the X-band EPR spectrum of SiRHP and alanine point mutants at each position, along with functional assays performed in the Stroupe laboratory. We have been using the Bruker Elexsys 680X spectrometer at the EMR Facility.
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So far, we have shown that the wild-type, F437A, and M444A variants all show the expected EPR spectrum indicative of a high spin, oxidized siroheme iron. In contrast, there is a structural perturbation to the siroheme in the T477A variant that shows shifts to the g = 6.68 and 5.26 signals that come from rhombic distortions to the S = 5/2 siroheme (Fig.1). 
Conclusions

We have identified a role for T477, which directly interacts with one of the sulfurs of the Fe4S4 cluster, in maintaining the rhombic environment of the siroheme iron. F437 and M44, which shield the Fe4S4 from solvent, do not. We are currently working to reduce the enzyme so we can measure the environment of the Fe4S4 cluster in each of our variants.
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Fig.1 EPR spectra of oxidized WT, F437A, M444A, and T477A SiRHP variants. Signals at g = 6.69, 5.25 and 1.98 are indicative of the spin 5/2 siroheme Fe3+. Slight but reproducible shifts in the g-tensors for the T477A variant suggest T477, which forms a hydrogen bond to the Fe4S4 cluster, affects the geometry of the whole cofactor assembly. 












