






















1 
 

Supplementary file 

 

Interplay between arsenic and selenium biomineralization in Shewanella sp. 

O23S 

Lucian C. Staicu1,*, Paulina J. Wojtowicz1, Zsombor Molnár2, Encarnacion Ruiz-Agudo3, 

José Luis R. Gallego4, Diego Baragaño4, Mihály Pósfai2 

 

1Faculty of Biology, University of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland  

2Research Institute of Biomolecular and Chemical Engineering, University of Pannonia, Egyetem u. 10, H-

8200, Veszprém, Hungary  

3Department of Mineralogy and Petrology, University of Granada, Granada, Spain 

4Environmental Biogeochemistry & Raw Materials Group and INDUROT, Campus de Mieres, University 

of Oviedo, C/Gonzalo Gutiérrez Quirós. S/N, 33600 Mieres, Spain 

 

 



2 
 



3 
 

 

Figure S1. Anaerobic incubations in BMM using Shewanella sp. O23S. A) BMM without As and 

Se oxyanions; B) 1 mM AsO4
3-; C) 1 mM SeO3

2-; D) 1 mM SeO4
2-; E) 1 mM AsO4

3- and 1 mM 

SeO3
2-; F) 1 mM AsO4

3- and 1 mM SeO4
2-. Incubation time: 1) day 1; 2) day 2; 3) day 3; and 7) 

day 7. Growth conditions: 30 °C, pH ~7.5, dark, static. 
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Figure S2. Pb-acetate strips recovered after seven days of incubation. A) BMM without As and 

Se oxyanions; B) 1 mM AsO4
3-; C) 1 mM SeO3

2-; D) 1 mM SeO4
2-; E) 1 mM AsO4

3- + 1 mM 

SeO3
2-; F) 1 mM AsO4

3- + 1 mM SeO4
2-. The white paper on top is a blank of unused Pb-acetate 

paper.  
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Figure S3. Bright-field TEM image of a cell of Shewanella sp. O23S from control incubation 

(bottle A). Extracellular polymeric substances (EPS) and flagella can be observed but no mineral 

deposits.  
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Figure S4. Elemental variability within the particles from the AsO4
3- + SeO4

2- incubations. A) 

STEM HAADF image of a cell with attached cloudy As-S aggregates and Se(-S)0 nanoparticles, 

and B-D) corresponding EDS elemental maps with the calculated atomic percent (at%) and atomic 

ratios of the indicated areas. E) Variations of the concentrations of S and Se and F) the Se/S ratio 

within a single globular particle that consists primarily of Se with some S. The detected X-ray 

intensities within the white rectangle in D are integrated and calculated along the white arrow. 

(The indicated at% values should be interpreted with an understanding that in each analyzed area 

C, N and O are major components because of the contribution of the associated cell material and 

the amorphous C substrate of the TEM grid; however, since these elements are not present in the 

Se- and As-bearing biominerals, their concentrations are not shown) 
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Figure S5. XRD patterns of lead acetate strips from incubations in BMM with added a) AsO4
3-; 

b) SeO3
2-; c) SeO4

2-; d) AsO4
3- and SeO3

2-; and e) AsO4
3- and SeO4

2-. : diffraction peaks from 

lead acetate (ICDD code 00-054-0326) : diffraction peaks from lead sulfide (galena) (ICDD code 

01-078-1058). 
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