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Figure S1. Example for the calculation of limit of detection (LOD) of Cu-ion selective 

electrode, as recommended for ion-selective electrodes by IUPAC [1]. Log(10) of the 

added Cu was plotted against the electrode potential and the crossing point between the 

linear segment of the electrode potential (diagonal dotted grey line) and the line 

representing background potential of the electrode (horizontal dotted grey line) was 

seeked. The concentration of added Cu at which the two lines were crossing (vertical 

dotted grey line) was designated as the limit of detection (Cu-ISELOD). In the current 

example, LOD of Cu-ISE is 0.021 mg Cu/L = 3.2  10
−7

 M. Prior measurement, the ionic 

strength of all solutions was adjusted by adding 5 M NaNO3 in a ratio 1:50 (NaNO3:sample). 
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Figure S2. Example for the calculation of free Cu at a certain CuSO4 concentration in a 

specific media (Malt extract (ME) as an example). Normalized electrode potentials for DI 

water (100% of added Cu assumed in free form) and for the given medium (ME) as a 

function of added Cu are plotted. Then, the electrode potential at desired concentration 

(11.4 mg of added Cu/L in this case) in the medium is read (1) and the Cu concentration 

corresponding to that electrode potential in DI water is found (2). This Cu concentration in 

DI water (1.97 mg/L in this case) is considered as the free Cu concentration in this media 

at the given (11.4 mg of added Cu/L) concentration. 
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(1) EC50 of S. cerevisiae for 

CuSO4  (11.4 mg of Cu/l) 

corresponds to 37.2 mV of 

normalized Cu-ISE potential

(2) 37.2 mV of normalized Cu-

ISE potential in DI water 

corresponds to 1.97 mg of Cu/l
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Figure S3. Example for the calculation of limit of detection (LOD) of Cu-biosensor 

bacteria Pseudomonas fluorescens OS8::KnCueRPcopAlux in HMM media supplemented 

with 0.5% Cas-aminoacids (Table 1). (a) representation of fold induction of Cu sensor 

bacteria with increasing Cu concentrations (dose-response curve); in our earlier studies [2,3], 

concentration of added metals resulting in 2-fold induction of a bacterial sensor (marked 

with dashed lines) was considered significant induction of the sensor over the background 

signal and thus, suggested as LOD. (b) representation of the same data as % induction of 

the bacterial sensor; in this plot, concentration of added metals resulting in 20% induction 

of the bacterial sensor of maximal induction potential of the sensor in the current test 

conditions (marked with dashed lines) was considered as LOD. This normalization was 

performed because the fold induction of the bacterial sensor varied along with the nutrient 

profile in different media studied. For panel (a) the LOD is 0.13 mg/L; for panel (b) the 

LOD is 0.2 mg/L. 
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Figure S4. Speciation of Cu (added to respective media as CuSO4) in different test media containing mainly mineral salts or very low levels 

of organic components (glucose and -glycerophosphate). Only main species (constituting at least 5% of the total Cu species over the 

concentration range tested) are indicated. AFW1—Artificial freshwater 1; AFW2—Artificial freshwater 2; HMM—Heavy metal MOPS 

medium, M9 (see the content of these media in Table 1). Chemical equilibrium model Visual MINTEQ 2.51 [4] was used for the calculations. 
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