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Abstract: Copper is essential for life, but it can be deleterious in concentrations that surpass the 
physiological limits. Copper pollution is related to widespread human activities, such as viticulture 
and wine production. To unravel aspects of how organisms cope with copper insults, we used Sac-
charomyces cerevisiae as a model for adaptation to high but subtoxic concentrations of copper. We 
found that S. cerevisiae cells could tolerate high copper concentration by forming deposits on the cell 
wall and that the copper-containing deposits accumulated predominantly when cells were grown 
statically on media prepared with reducing sugars (glucose, galactose) as sole carbon source, but 
not on media containing nonreducing carbon sources, such as glycerol or lactate. Exposing cells to 
copper in liquid media under strong agitation prevented the formation of copper-containing depos-
its at the cell wall. Disruption of low-affinity copper intake through the plasma membrane increased 
the potential of the cell to form copper deposits on the cell surface. These results imply that biotech-
nology problems caused by high copper concentration can be tackled by selecting yeast strains and 
conditions to allow the removal of excess copper from various contaminated sites in the forms of 
solid deposits which do not penetrate the cell. 
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Figure S1. Copper accumulation by yeast cell grown with agitation in MM liquid media. Cells of wild type strain BY4741 
were inoculated (5 × 105 cells/mL) in MM/Glc (Glucose), MM/Gal (GalacTable 28. °C, 200 rpm). (a) Cell proliferation was 
determined spectrophotometrically (OD660) in the absence (left pannel) or presence (right pannel) of 0.1 mM CuCl2. (b,c) 
Copper associated with whole cells (full lines) or with cell walls (dotted lines) was determined as described in Materials 
and methods and normalized to total cell protein (b) or to 108 cells (c). Values are mean ± SEM of triplicate determinations 
done on three biological repeats. 

 
Figure S2. Copper accumulation by yeast mutants grown with agitation (28 °C, 200 rpm) in 
MM/Glc liquid media. Cell suspensions of strain BY4741 (WT) and of isogenic strains fet4Δ, smf1Δ, 
and pho84Δ were incubated with 0.5 mM CuCl2. Cells were harvested by centrifugation at various 
times and processed for copper assay, as described in Materials and methods. Values are mean ± 
SEM of triplicate determination done on three biological repeats. 
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Figure S3. Effect of copper on the growth of yeast mutants with defects in metal transport across 
plasma membrane. Cell suspensions of strain BY4741 (WT) and of isogenic strains fet4Δ, smf1Δ, 
and pho84Δ were inoculated (5 × 105 cells/mL) in MM/Glc and incubated for 2-4 h (28 °C, 200 rpm) 
before CuCl2 was added to various concentrations. Cell proliferation was determined spectropho-
tometrically (OD660) 24 h following copper addition. Values are mean ± SEM of triplicate determi-
nation done on three biological repeats. 


