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The N-Terminal Domain of Escherichia coli NADPH Assimilatory Sulfite Reductase Hemoprotein Is an Oligomerization Domain that Mediates Holoenzyme Assembly
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Introduction


Despite 50 years of study about siroheme-dependent assimilatory NADPH-sulfite reductase (SiR) structure and enzyme activity, we do not know how its subunits assemble, and therefore how they work to catalyze electron transfer. Here, we report the structural elements of each subunit that are important for assimilatory NADPH-SiR assemby and propose a model that invokes four structural SiRFP molecules for each functional SiRFP:SiRHP dimer. Further, we have shown that the N-terminus of SiRHP plays important roles in mediating both the SiRFP:SiRHP interaction and oligomerization of apo, non-functional SiRHP proteins that cannot make a complex with SiRFP. Taken together, these observations suggest a model for quality control of SiR assembly in organisms that use this oligomeric assembly.
Experimental


We have mapped the contact surfaces of the SiR complex by comparing H/D exchange of the backbone amide hydrogens of SiRHP, both free and complexed with flavin-binding flavoprotein (SiRFP), monitored by on-line HPLC positive electrospray ionization 14.5 T Fourier transform ion cyclotron resonance mass spectrometry.
Results and Discussion


HDX results show that the α8β4 SiR holoenzyme assembles through the N-terminus of SiRHP and the NADPH-binding domain of SiRFP (Fig. 1).  We propose that homo-tetramerization of apo-SiRHP serves as a quality control mechanism to prevent formation of inactive holoenzyme in the case of limiting cellular siroheme [1].
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Fig. 1.  Deuterium uptake map for SiRHP HDX and small-angle x-ray scattering (SAXC)  modeling. HDX shows that the N-terminus of SiRHP is buried in the SiR complex. (A) Sequence of SiRHP in which light-to-dark blue shows increasingly buried residues and pink-to-red shows increasingly exposed residues, measured by absolute deuterium uptake. Leu80 is in bold. (B) Six independent models of the N-terminus in E. coli SiRHP built from SAXS data, super-imposed, show that the compact N-terminal 80 amino acids (yellow, displayed as pseudo-chain models), which are missing in the X-ray  crystallograp hic structure, sit over the active site. Colors as in (A), modeled from PDB files 2AKJ (yellow, N-terminal amino acids 1-80, as in B) and 2GEP (gray, amino acids 80-570).

