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ABSTRACT
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Figure 1: UV~Vis spectra of WT Fe(lil)-Ngb upon addition of sulphide excess ratio

(600 fold) at pH 7.0 in anaerabic conditions, in the inset detail of Q bands



In this study, electronic absorption spectroscopy was used to analyse the in vitro reactivity of WT human neuroglobin (hNgb) and its C46AC55A mutant with sulphide species, to better understand hNgb physiological role. 

In the last two decades, the knowledge of sulphide’s biology in organisms expanded, from just a toxic gas (as H2S) to an endogenously produced signalling molecule involved in many diseases (like schizophrenia, Alzheimer’s, cardiovascular and metabolic disorders). The ability of sulphide species to interact with ferric heme-proteins and the identity of the Fe-bound species (H2S, HS- or S2-) are not fully understood [1].
Neuroglobin is a small monomeric globin, located primarily in retinal and neuronal cells, containing a single heme b group, whose axial coordination positions are occupied by two histidines. Therefore, the binding of exogenous species requires the cleavage of the bond between the iron and the distal histidine (H64) [2]. Over-expression of Ngb in mice highlighted a role in cell survival in hypoxic/ischemic or oxidative stress conditions and in neurodegenerative diseases. Many physiological functions have been hypothesized: oxygen transport, apoptosis inhibition, nitrite reduction and sulphide signalling [1,3].
Under oxidizing conditions, Cys46 and Cys55 residues of WT hNgb form an internal disulfide bridge, which is cleaved in a reducing environment, as observed in the cytoplasm. Therefore, the C46AC55A mutant mimics hNgb in physiological conditions. Cleavage of the S-S bond induces a conformational rearrangement, reducing the accessibility of the heme pocket and strengthening the iron-histidine bond [4].
Under anaerobic conditions at physiological pH in presence of an excess of Na2S (protein:sulphide molar ratio = 1:600), a two-step reaction occurs:
1. Formation of a six-coordinated Fe(III)-S adduct, with a shift of the Soret and Q-bands.

2. Internal electron transfer within the Fe(III)-S adduct, producing a low-spin six-coordinated Fe(II), followed by the formation of sulfoheme(II), probably resulting from the reaction of a HS· radical with the tetrapyrrolic ring [5].

Kinetics of reaction were analysed at different pH values, between 6.0 and 13.0. The reaction rates of WT and C46AC55A with sulphide decrease from pH 6.0 to 10.0 and increase up to pH 13.0. Moreover, above pH 10.0 formation of sulfoheme(II) isn’t observed, suggesting changes in the reaction mechanism possibly connected to the sulphide speciation. It appears that the interaction between hNgb and sulphide species involves H2S or S2- rather than HS-. The higher reaction rate of the C46AC55A mutant compared to WT suggests that the reduced solvent accessibility and stronger axial coordination of the iron are not limiting factors for sulphide binding. 
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