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Figure S1. Effect of lactate on Pd(II) reduction by S. oneidensis. Pd(II) reduction kinetics for S. 
oneidensis MR-1 with and without 20 mM sodium lactate in a 100 µM Pd(II) reaction mixture. Raw 
data is overlaid on bars representing mean ± S.D. * p < 0.05, ** p < 0.01, n = 3.



Figure S2. Effect of casamino acids on Pd nanoparticle formation by S. oneidensis. Whole-mount 
transmission electron micrographs of S. oneidensis (a) MR-1 and (b) MR-1 in the presence of 
0.5% casamino acids after 24 hours with 1000 µM Pd(II). Scale bar represent 200 nm.



Figure S3. Effect of Pd(II) concentration on S. oneidensis MR-1 viability. Viability was assessed 
after 2 hours of Pd(II) reduction. Error bars represent mean ± S.D., n = 3.



Figure S4. Bacterial viability affects reduction of 100 µM Pd(II). Pd(II) levels were quantified for 
reaction mixtures containing viable MR-1, heat-killed MR-1, sonically lysed MR-1, or no cells. 
Histogram bars represent the mean ± S.D. * p < 0.05, n = 3.  



Figure S5. Representative gating scheme for flow cytometric analyses of S. oneidensis. 



Figure S6. Flow cytometry side scatter signal for Pd-free MR-1 and MR-1/∆mtrC∆omcA after 2 
hours of reaction with 100 µM Pd(II).



Figure S7. Simultaneous quantification of palladization and cell death for S. oneidensis MR-1 and 
∆mtrC∆omcA using flow cytometry. Increased side scatter (SSC-A), relative to Pd-free samples, 
was used to detect bacterial palladizaton. Dead cells with compromised membranes fluoresced 
upon staining with the membrane impermeable dye, propidium iodide.



Figure S8. Color change of S. oneidensis cell pellet after Pd(II) reduction. Cell pellet of (a) MR-
1, (b) ∆mtrC∆omcA, and (c) ∆hydA∆hyaB from spun-down aliquots taken immediately after 
inoculation of each reaction mixture. Cell pellets of (d) MR-1, (e) ∆mtrC∆omcA, and (f) 
∆hydA∆hyaB of spun-down aliquots taken 4 hours after inoculation. Reactions occurred with 100 
µM Pd(II).



Figure S9. Effect of S. oneidensis genotype on Pd nanoparticle formation. Whole-mount 
transmission electron micrographs of S. oneidensis MR-1, ∆mtrC∆omcA, and ∆hydA∆hyaB after 
2 hours with 100 µM Pd(II). Scale bars represent 500 nm.



Figure S10. Effect of S. oneidensis genotype on Pd nanoparticle localization. Wide-view thin 
section transmission electron micrographs of S. oneidensis strains. Top panel images are S. 
oneidensis strains after 24 hours with 1000 µM Pd(II). Bottom panel images are S. oneidensis 
strains after 2 hours with 100 µM Pd(II). Scale bars represent 500 nm.



Figure S11. Effect of S. oneidensis genotype on Pd nanoparticle powder x-Ray diffraction 
patterns. Data was normalized to the most intense peak height.



Figure S12. Effect of 100 µM Pd(II) on (a) S. oneidensis MR-1 and (b) E. coli MG1655 after 4 
hours. Scale bars represent 500 nm.



p = 0.067

Figure S13. Effect of S. oneidensis genotype on viability during Pd(II) reduction. Viability was 
assessed after 2 hours with 100 µM Pd(II). Error bars represent mean ± S.D, n = 3.



Figure S14. Pd(II) reduction by S. oneidensis MR-1 and E. coli MG1655 after 4 hours. Raw data 
is overlaid on bars representing mean ± S.D. * p < 0.05, ** p < 0.01, n = 3.



Figure S15. Pd(II) reduction kinetics fitting for knockout and complemented knockout S. 
oneidensis strains. Data was concatenated from 3 kinetic runs and fit to [Pd(II)]time = t = Ae-kt + B. 
Rate constants are reported as the best fit value ± fitting error. 



Figure S16. Effect of HEPES buffer age on Pd(II) Reduction Rate by S. oneidensis MR-1. Raw 
data is overlaid on bars representing mean ± S.D., n = 4.



Figure S17. Effect of outer membrane cytochrome complementation on Pd nanoparticle 
formation. Whole mount transmission electron micrographs of S. oneidensis ∆mtrC∆omcA 
complemented with an (a) empty, (b) mtrC, or (c) omcA expression vector.  Scale bars represent 
500 nm.



Figure S18. Effect of MtrC expression on Pd nanoparticle localization by S. oneidensis. Wide-
view thin-section transmission electron micrographs of (a) MR-1 with an empty vector and 
∆mtrC∆omcA with an (b) empty vector or (c) mtrC vector after 2 hours with 100 µM Pd(II). Scale 
bars represent 100 nm.



Figure S19. Effect of increasing riboflavin concentration on Pd nanoparticle formation by S. 
oneidensis. Whole mount transmission electron micrographs of S. oneidensis MR-1 
supplemented with (a) 1 µM, (b) 10 µM, and (c) 100 µM riboflavin after 24 hours with 1000 µM 
Pd(II). Scale bars represent 500 nm.



Figure S20. Effect of supplemented riboflavin and flavin mononucleotide on Pd nanoparticle 
formation by S. oneidensis MR-1. Whole mount transmission electron micrographs of (a) 
unsupplemented MR-1 and MR-1 supplemented with (b) 100 µM riboflavin (RF) or (c) 100 µM 
flavin mononucleotide after 2 hours with 100 µM Pd(II). Scale bars represent 500 nm.



Figure S21. Effect of increasing sodium fumarate concentration on Pd nanoparticle formation by 
S. oneidensis. Whole mount transmission electron micrographs of S. oneidensis MR-1 
supplemented with (a) 1 µM, (b) 10 µM, and (c) 100 µM sodium fumarate after 24 hours with 1000 
µM Pd(II). Scale bars represent 500 nm.



Figure S22. Effect of Increasing Fe(III)-Citrate Concentration on Pd Nanoparticle Formation by 
S. oneidensis. Whole mount transmission electron micrographs of S. oneidensis MR-1 
supplemented with (a) 1 µM, (b) 10 µM, and (c) 100 µM Fe(III)-citrate after 24 hours with 1000 
µM Pd(II). Scale bars represent 500 nm.



Figure S23. Effect of flavin supplementation on S. oneidenis viability during Pd(II) reduction. 
Viability was assessed after 2 hours of Pd(II) reduction without flavins or in the presence of 100 
µM riboflavin (RF) or 100 µM flavin mononucleotide (FMN). Error bars represent mean ± S.D, n 
= 3.



Figure S24. Effect of flavins on abiotic Pd nanoparticle formation. (a) Abiotic Pd nanoparticle 
synthesis with 100 µM Pd(II) and 2 mM NaBH4 in water. Flavin-supplemented reactions also 
contained (b) 100 µM riboflavin (RF) or (c) 100 µM flavin mononucleotide (FMN). Scale bars 
represent 50 nm. 



Table S1. Bacterial Strains and Plasmids Used in this Study.
Strain or plasmid Description/Genotype Reference or source 

S. oneidensis Strains     

MR-1 MR-1 (ATCC700550), wild-type strain American-Type Culture 
Collection

JG749
Lacks outer membrane 

cytochromes, MtrC and OmcA; 
∆mtrC∆omcA

1

∆hydA∆hyaB
Lacks periplasmic 

hydrogenases, HydA and HyaB; 
∆hydA∆hyaB

Jeffrey Gralnick, U. of 
Minnesota

BK2 MR-1 with empty pShew, Kmr 2

BK13 JG749 (∆mtrC∆omcA) with 
empty pShew, Kmr

2

BK14 JG749 (∆mtrC∆omcA) with
pShew-mtrC, Kmr

2

BK15 JG749 (∆mtrC∆omcA) with
 pShew-omcA, Kmr

This Study

E. coli Strains

MG1655 Wild-type strain Lydia Contreras, U. of 
Texas at Austin

Plasmids
pShew Empty expression vector carrying lacI 2

pShew-mtrC pShew plasmid carrying mtrC, driven 
by Ptac

2

pShew-omcA pShew plasmid carrying omcA, driven 
by Ptac This Study
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