








M9 supplemented medium (42.3mM Na2HPO4, 22mM KH2PO4, 8.6mM NaCl,
18.7mM NH4Cl, 2mM MgSO4, 1mM CaCl2, 0.1% (w/v) casamino acids, 0.4% (w/v) glu-
cose, pH 7) and MOPS supplemented medium (42.5mM MOPS sodium salt, 0.33mM
Na2HPO4, 0.33mM KH2PO4, 8.6mM NaCl, 18.7mM NH4Cl, 2mM MgSO4, 1 mM
CaCl2, 0.1% (w/v) casamino acids, 0.4% (w/v) glucose, pH 7) were used as the induction
media. MOPS is 3-(N-morpholin-o)propanesulfonic acid.
Ampicillin (100 mg/mL) was used for plasmid maintenance.

Construction of the cadmium sensor plasmid

The cadmium sensing DNA sequence belonging to the promoter region of the zntA
gene (NCBI Gene ID: 947972) was obtained from E. coli MG1655 genome (GenBank
Accession Number U00096.3). E. coli MG1655 genomic DNA was isolated by using
Nanobiz DNA4U Bacterial Genomic DNA Isolation Kit (Turkey) for gram-nega-
tive bacteria.
High-fidelity polymerase chain reaction (PCR) of promoter region of zntA using forward

primer zntAp-F (50-GTGACAGAATTCGCGCTGTTACTGGCGATTATC-30) and reverse
primer zntAp-R (50-GTATGTGGATCCATCCTCCGGTTAAGTTTTTTC-30) was carried
out with isolated bacterial genomic DNA as template. The amplified 379 base-pair DNA
fragment was then digested with the EcoRI and BamHI restriction enzymes and then
inserted at the same restriction sites into formerly constructed promoterless plasmid which
was named as pBR-sGFP (Elcin and €Oktem 2019). The final construct was confirmed using
agarose gel electrophoresis and Sanger sequencing using the oligonucleotides which are for-
ward primer Col-F (5-ATCACGAGGCCCTTTCGTCTTCAAGAATTC-30) and reverse pri-
mer Col-R (50-ACGCTGCCCGAGTTATCATTATTTGTAGAGCTC-30). The resulting
sensor plasmid designated as ‘pBR-PzntA’ was chemically transformed into competent E.
coli MG1655 cells.
A plasmid map of pBR-PzntA was generated using Snapgene software (GSL

Biotech, USA).

Characterization tests of the cadmium bioreporter

M9 or MOPS supplemented medium was inoculated with the overnight culture of bio-
reporter cells at a 1:100 (v/v) ratio and cells were grown to early exponential phase cor-
responding to optical density at 600 nm (OD600) of 0.1 (0.1 unit of OD600 ¼ 1� 108
cells/mL). The cultures were then added in 190-mL aliquots to the wells of a 96-well
black microplate (Fluotrac, Greiner Bio-One). A dilution series of aqueous cadmium
chloride (CdCl2) solution at final elemental Cd(II) concentrations between 2 and
100mg/L (0.018mM to 0.89 mM) including a negative control (distilled water) were
added in 10-mL aliquots.
The fluorescence measurements were taken by a Varioskan Lux multimode micro-

plate reader (Thermo Fisher Scientific, USA), which was programed to measure at 30-
min intervals for 12 hours with continuous incubation at 35 �C ambient temperature.
The excitation and emission wavelengths for the reporter GFPuv fluorescent protein
were selected to be 395 nm and 509 nm, respectively.
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Metal specificity characterization

The response of the cadmium bioreporter to various metal ions was tested. All heavy
metal salts were analytical grade: silver(I) nitrate (AgNO3), cadmium(II) chloride
(CdCl2), cobalt(II) chloride (CoCl2), copper(II) sulfate (CuSO4), iron(III) chloride
(FeCl3), mercury(II) chloride (HgCl2), manganese(II) chloride (MnCl2), sodium arsenite
(NaAsO2), nickel(II) chloride (NiCl2), lead(II) acetate trihydrate (Pb(CH3CO2)2.3H2O),
and zinc(II) chloride (ZnCl2) were purchased from Sigma-Aldrich (USA). The metal
solutions were prepared in sterile distilled water and filter sterilized. Cadmium was
added at 50 mg/L, while all the other metal ions were added at 250 mg/L final
concentration.
The bioreporter cells at early growth phase (OD600 from 0.05 to 0.1) were assayed in

M9 and MOPS supplemented medium and the measurements were obtained using the
procedure described above.

Mercury sensitivity measurement

The characterization of the bioreporter against mercury (Hg) was conducted using the
same procedure above as described for the characterization against cadmium. A dilution
series of HgCl2 solutions with final elemental Hg(II) concentrations between 1 and
100mg/L (0.005 mM - 0.5 mM), including a negative control, were used and fluorescent
measurements were obtained as described above.

Bacterial growth effect

The overnight culture of bioreporter cells was diluted with fresh medium at a 1:100
(v/v) ratio and were grown to early exponential phase (OD600 from 0.05 to 0.1), mid
exponential phase (OD600 from 0.4 to 0.6) and stationary phase (OD600 from 1.5 to 2.0)
in M9 supplemented or MOPS supplemented medium. The cultures were then added in
190-mL aliquots into the wells of a 96-well black microplate and aqueous CdCl2 solu-
tions were added in 10-mL aliquots to final concentrations of 5, 25, and 100mg/L of
Cd(II) including a negative control of distilled water. The measurements were obtained
using the procedure described above.

Cell imaging

The bioreporter cells were cultured in M9 supplemented medium. One batch of culture
was induced with 100 mg/L cadmium and one was left uninduced. After 6 hours of incu-
bation, the cells were pelleted and resuspended in 1X phosphate-buffered saline solu-
tion. Then, bacterial cells were viewed using a Leica DM6000 M Fully Automated
Upright Microscope, under bright field and fluorescence channels with fluorescence I3
filter (excitation range: blue with band-pass filter between 450 and 490 nm) at x1000
total magnification with oil immersion.
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