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Abstract

Heavy-metal tolerance in bacteria is a widespread phenotype, particularly occurring in strains isolated from heavy-metal
contaminated sites, which often are of recent origins. Due to its rapid appearance, it is likely a few genes may confer metal
tolerance via a limited number of mutations, and that these genetic determinants conferring heavy-metal resistance could have
orthologs present in most of nonresistant strains, which may contributed to some other cellular functions. Concerning nickel
tolerance several genetic determinants have been characterized and the nre system, which employs a Ni/H' antiporter (NreB), has
been found as one of the most diffused, being present in both strains isolated from polluted sites and in soils naturally rich in Ni
(serpentine soils). Interestingly, an ortholog of nreB gene is also present in the nonresistant legume symbiont strain Sinorhizobium
meliloti Rm1021 and recent genome sequencing efforts have shown this gene to be present in other S. meliloti strains, all of them
nonresistant to Ni.

Here, we report a comprehensive phylogenetic analysis of nreB genes in all completely sequenced bacterial genomes, showing
that this gene was subjected to strong horizontal gene transfer events, possibly mediated via mobile genetic elements, often
present in the proximity of its genomic locations. Moreover, a deletion mutant for nreB was obtained in S. meliloti Rm1021 and
shown to be more sensitive to Ni than the parental strain, this deletion mutant was also characterized by Phenotype Microarray
analysis and symbiosis with legumes. A strain overexpressing nreB under a lac inducible promoter was also constructed and
compared with a strain overexpressing all the operon nredAB. Moreover two Escherichia coli strains overexpressing nreB of
S.meliloti and the ortholog from the model heavy-metal resistant strains Cupriavidus metallidurans CH34 were also compared, in
order to elucidate differences between these two orthologs.

In conclusion nreB is probably involved also in other cellular functions than Ni tolerance. Ni-tolerant strains may consequently
arise via a facilitated variation evolutionary pathway, explaining their independent appearance in many different heavy-metal rich
environments.




