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Iron-sulfur (Fe/S) clusters are simple inorganic protein cofactors composed by ferrous (Fe**) or ferric (Fe3*) iron and sulfide
(S*) ions. They are ancient, ubiquitous prosthetic groups, involved in several cellular processes. The clusters biosynthesis
and incorporation into scaffold proteins are guaranteed by different biogenesis machineries, specific for each cellular
compartment [1-2]. The Fe/S clusters biosynthesis starts in the mitochondrion, where Fe/S proteins take part in important
cellular pathways such as oxidative phosphorylation, lipoic acid synthesis and iron metabolism, contributing to the main
function of this organelle, which is the production of cellular energy.

Mutations in genes encoding for some components of the mitochondrial ISC machinery, namely NFU1, BOLA3, IBA57, ISCA2
and ISCA1 proteins, lead to a group of rare syndromes which cause autosomal recessive diseases, and which have been
identified, since 2011, as Multiple Mitochondrial Dysfunctions Syndromes (MMDS) types 1to 5. These rare disorders appear
early in life with severe weakness, respiratory failure, lactic acidosis, lower energy metabolism and consequent impairment
in neurologic development.

Bi-allelic variants in the gene encoding for BOLA3 cause MMDS type 2, which typically appears in early childhood with
encephalopathy, leukodystrophy, nonketotic hyperglycinemia, cardiomyopathy, and death [3-4]. Ahomozygous Hisg6Arg
(c. 287 A > G) mutation in the BOLA3 gene involves a fully conserved residue of the bola-like protein family, previously
identified as a [2Fe-25] cluster ligand in the BOLA3-[2Fe-2S]-GLRX5 heterocomplex. The mutation is responsible for severe
lactic acidosis and combined respiratory chain complex deficiencies, with the implication of a wide range of organs. The
molecular basis of the pathogenicity of the Hisg6Arg mutation have not been investigated yet [5-6].

Here we present the results of the spectroscopic and biochemical characterization of the Hisg6Arg BOLA3 mutant and of
its interaction with the partner monothiol glutaredoxin GLRX5, in the formation of BOLA3-[2Fe-2S]-GLRX5 complex.
Moreover, we investigated the effect of the mutation on the heterocomplex ability in assembling a [4Fe-4S] cluster on
NFU1.

References

[1] Ciofi-Baffoni S, Nasta V, Banci L. Protein networks in the maturation of human iron-sulfur proteins. Metallomics. 2018,
10(1):49-72.

[2] Braymer JJ, Freibert SA, Rakwalska-Bange M, Lill R. Mechanistic concepts of iron-sulfur protein biogenesis in
Biology. Biochim Biophys Acta Mol Cell Res. 2021, 1868(1):118863.

[3] Saudino G, Suraci D, Nasta V, Ciofi-Baffoni S, Banci L. Molecular Basis of Multiple Mitochondrial Dysfunctions Syndrome
2 Caused by CYS59TYR BOLA3 Mutation. Int J Mol Sci. 2021, 22(9):4848.

[4] Lebigot E, Schiff M, Golinelli-Cohen MP. A Review of Multiple Mitochondrial Dysfunction Syndromes, Syndromes
Associated with Defective Fe-S Protein Maturation. Biomedicines. 2021, 9(8):989.

[5] Camponeschi F, Ciofi-Baffoni S, Calderone V, Banci L. Molecular Basis of Rare Diseases Associated to the Maturation of
Mitochondrial [4Fe-4S]-Containing Proteins. Biomolecules. 2022, 12(7):1009.

[6] Nishioka M, Inaba Y, Motobayashi M, et al. An infant case of diffuse cerebrospinal lesions and cardiomyopathy caused
by a BOLA3 mutation. Brain Dev. 2018, 40(6):484-488.



