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Abstract: The various applications of Ag(I) generated the necessity to obtain Ag(I)-accumulating 

organisms for the removal of surplus Ag(I) from contaminated sites or for the concentration of Ag(I) 

from Ag(I)-poor environments. In this study we obtained Ag(I)-accumulating cells by expressing 

plant metallothioneins (MTs) in the model Saccharomyces cerevisiae. The cDNAs of seven Arabidopsis 

thaliana MTs (AtMT1a, AtMT1c, AtMT2a, AtMT2b, AtMT3, AtMT4a and AtMT4b) and four Noccaea 

caerulescens MTs (NcMT1, NcMT2a, NcMT2b and NcMT3) fused to myrGFP displaying an N-

terminal myristoylation sequence for plasma membrane targeting were expressed in S. cerevisiae 

and checked for Ag(I)-related phenotype. The transgenic yeast cells were grown in copper-deficient 

media to ensure the expression of the plasma membrane high-affinity Cu(I) transporter Ctr1, and 

also to elude the copper-related inhibition of Ag(I) transport into the cell. All plant MTs expressed 

in S. cerevisiae conferred Ag(I) tolerance to the yeast cells. Among them, myrGFP-NcMT3 afforded 

Ag(I) accumulation under high concentration (10-50 μM), while myrGFP-AtMT1a conferred 

increased accumulation capacity under low (1 μM) or even trace Ag(I) (0.02-0.05 μM). The ability to 

tolerate high concentrations of Ag(I) coupled with accumulative characteristics and robust growth 

showed by some of the transgenic yeasts highlighted the potential of these strains for biotechnology 

applications. 
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Figure S1. Ag(I) accumulation by S. cerevisiae cells with defects in low affinity copper transporters. 

Cells prepared as described in Materials and Methods were grown to 5 × 106 cells/mL before Ag(I) 

was added to the specified concentration. Incubation (30 °C, 200 rpm) continued for 2 h before cells 

were harvested and subjected to metal assay. (a) Effect of FET4 deletion on Ag(I) accumulation. (b) 

Effect of SMF1 deletion on Ag(I) accumulation. (c) Effect of PHO84 deletion on Ag(I) accumulation. 

Ag(I) accumulation was not significantly different in any of the four strains tested (p > 0.05, One-way 

ANOVA followed by Bonferroni’s test compared to WT).  
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Table S1. Ag(I) toxicity (LC50) towards S. cerevisiae strains overexpressing plant MTs. LC50 was 

determined as the the Ag(I) concentration eliciting a 50% reduction in cell proliferation after 24 

hours of incubation (30 °C, 200 rpm) with various Ag(I) concentrations.  

Strain LC50 (µM) 

WT 1 16.5 ± 2.2 

myrGFP  17.6 ± 1.9 

myrGFP-Cup1 28.4 ±3.2 

myrGFP-AtMT1a 39.5 ± 7,8 

myrGFP-AtMT1c 28.2 ±6.2 

myrGFP-AtMT2a 24.5 ± 7.1 

myrGFP-AtMT2b 23.4 ± 6.5 

myrGFP-AtMT3 27.4 ± 4.6 

myrGFP-AtMT4a 23.4 ± 3.8 

myrGFP-AtMT4b 25.1 ± 7.8 

myrGFP-NcMT1 28.3 ± 6.8 

myrGFP-NcMT2a 24.2 ± 4.8 

myrGFP-NcMT2b 25.3 ± 6.3 

myrGFP-NcMT3 54.6 ± 8.6 
1 WT = parental strain BY4741; all the other strains were cup2Δ transformed with the plasmids containing the 

corresponding MT cDNAs. 
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