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Interaction of Sulfite Reductase with Ferredoxin and its Regulation to Enzymatic Activity
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Sulfite reductase (SiR) plays a critical role in sulfur assimilation by reducing sulfite to sulfide. SiR vses six electrons transferred from
ferredoxin (Fd) which is a physiclogical electron donor. Electrons are intemolecularly transferred from the [2Fe-2S] cluster of Fdl to the [4Fe4S]
cluster of SiR and then flow intramolecularly to siroheme. Further sequential catalytic reactions by other enzymes produce amino acids such as
methionine and cysteine using sulfide. Thus, interprotein interactions between Fd and SiR have been suggested to be essential for overall activity
of SiR. :

Although intermolecutar electrostatic interactions between negatively charged Fd and positively charged SiR have been shown to be
important for SiR function, natures of the interprotein which may control the formation of the electron transfer complex for SiR activity still
rermain to be clear. In order to address this issue, I performed in-depth investigation on interactions between Fd and SiR and their relations to SiR
activity using various biochemical and biophysical approaches. The analyses of the crystal structure of the FA:SiR complex and site-directed
mutagenesis based on the structure, multiple SiR activity assays, binding thermodynamics of isothiermal titration catorimetry (ITC), and solution-
state NMR spectroscopy at atomic resolution revealed that interfacial non-covalent interactions are important for the interprotein affinity and
modulation of the Fd:SiR complex thereby affecting Fd-dependent SiR activity. )

The structure of the complex of maize SiR and Fd has been determined by X-ray crystallography and three possible structures of the
complex were dissolved. Although topological relationship of SiR and Fd varied in each of the stnuctures, common characteristics were found
both in the electrostatic intermolecular interactions and the positional arangements of the redox centers in a close proximity with the shortest
distance around 12 A. This indicated that the three complexes would be functionally competent. Mutational analysis of basic residues of SiR
distributed widely at the interfaces of the ihree structures showed their importance for Fd-dependent SiR activity and contribution for a strong
affinity of SiR with Fd. Based on these combined results, I suggest that the electron transfer complex of SiR and Fd could be formed though multi-
intermolecular interaction processes. This implication is discussed in terms of the multi-functionality of Fd in various redox metabelisms.

Furthermore, I examined how interfacial mutagenesis of SiR influences its activity and binding ability for Fd in combination of SiR
activity assays with three types of substrates, NMR, and ITC, SiR activity assays revealed that disruption of interprotein electrostatic interactions
by neutralizing positive charges of SiR decreased mostly SiR activity without remarkable activity changes depending on substrates. ITC and
NMR results showed abolishment of binding ability of a K582QYK584(} double mutant for Fd. Meanwhile, SiR mutants, which hydrophobicity
decreased, showed the substrate-dependent changes in activity. [TC results showed that thermodynarmic parameters of complex formation of
Q504G SiR with Fd were similar to those of wild type SiR. Similar but distinct binding sites of *N-labeled Fd for wild type and Q504G SiRs
were revealed by the chemical shift difference and distinct direction of NMR peak shifts. These findings demeanstrate that intermolecular
electrostatic interactions are fundamental for SiR activity by forming the productive electron transfer complex and hydrophobic interactions play
an important role for substrate preference using subtle differences in configuration of the Fd:SiR complex. I suggest that enzymes may evolve to
use skillfully these non-covalent interprotein forces for biclogical efficiency.

I also investigated Fd:SiR complex formation and SiR activity over NaCl concentrations between 0 and 400 M with considering
physiclogical conditions. Fd-dependent SiR activity assays and Michaelis-Menten kinetics revealed a bell-shaped activity curve with a maximum
around 40-70 mM NaCl and a reverse bell-shaped dependence of affinity (Michaelis
constant). Calorimetric analyses showed the monotonic increase in the dissociation constant on increasing NaCl concentrations, distinguished
from the biphasic change in the Michaelis constant. The results further revealed that Fd:SiR complex formation and interprotein affinity were
thermodynamically adjusted by both enthalpy and entropy through electrostatic and non-electrostatic interactions. A residue-based NMR
investigation on addition of SiR to “N-labeled Fd also demonstrated that a combination of both non-covalent forces stabilized the complex with
similar interfaces and modulated binding affinity and mode depending on NaCl concentrations. These findings elucidate that non-electrostatic
forces are also essential for complex formation and modulation. Tsuggest that a complex configuration optimized for maximum enzymatic activity
near physiclogical conditions is achieved by structural rearrangement through controlled non-covalent interprotein inferactions.
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