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Supplement figures

Figure S1. The Gram staining is positive (A) and the endospore (B) producing in strain ST7.



Figure S2. The phylogenetic trees constructed using MEGA7.

The molecular phylogenetic analysis of genes were inferred by using the UPGMAmethod based

on the Tamura 3-parameter model corrected by gamma distribution. A: the phylogenetic tree of

16S rRNA gene fragment. B: the phylogenetic tree of DNA gyrase subunit A (gryA) gene

sequence.



Figure S3. Alignment of the amino acids sequence encoded by gene601 of strain ST7 with other
proteins with manganese oxidation activity confirmed by experiments.



The possible copper-binding domains were depicted in yellow blocks (domain 1 to 4) and the
conserved amino acids surrounding the domains are shaded in black. The conserved residues were
indicated by asterisks. ST7-cotA: coded by gene601 of strain ST7 in the present paper. The
“ref-cotA” is the copper oxidase (WP_073204075.1) coded by gene601 in the reference genome
of Bacillus safensis deposited in NCBI with assembly number GCF_001895885.1. The “cotA_Su”
(AFL56752.1) is the cotA of Bacillus pumilus strain WH4 (Su et al., 2013). “cotA_Hullo” is the
cotA (NP_388511.1) of Bacillus subtilis_strain 168 reported by Hullo (2001). “mofA”
(CAA81037.2) is from Leptothrix discophora strain SS-1 (Corstjens et al., 1997). “moxA”
(CAJ19378.1) is reported from Pedomicrobium sp. strain ACM3067 (Ridge et al., 2007). “mnxG”
(AAB06489.1) is identified from Bacillus sp. strain SG-1 isolated from marine sediments (Dick et
al., 2008). “cumA” (AAD24211.1) is from Pseudomonas putida GB-1 (Brouwers et al., 1999).
“MCO-2447” and “MCO-2556” are recognized to be the multicopper oxidase coded by gene2447
(ABY98346.1) and gene2665 (ABY98562.1) of Pseudomonas putida GB-1, respectively
(Geszvain et al., 2013). The dashes represent gaps in the alignment and dots indicated the same
residues with the first line sequence.



Figure S4. The amplification and standard curve for representative transcripts taking the positive
recombinant plasmids as templates.

The efficiency was denoted at the bottom of standard curve diagrams with templates to be serially
diluted by ten times of gradients.
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